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INTRODUCTION  
 

The 24th Conference of the International Sustainable Development Research Society 
(ISDRS 2018) “Actions for a Sustainable World: from theory to practice” has been held in 
Messina (Italy) at the Department of Economics of the University of Messina from 13th to 
15th June 2018. 

The theme of the 24th Conference, “Actions for a Sustainable World: from theory to 
practice”, has been chosen in order to emphasizes that we must rethink our social and 
economic systems in order to make economic and social development more resource-
efficient and equitable to all, both across the planet and in future generations. Following 
this main aim, the Conference brought together about 350 delegates, coming from more 
than 40 different countries, that discussed about theories, models and applied research 
and practices in the field of sustainability, with a unique and exciting richness in 
interdisciplinary approaches. Participants focused on how scientists and researchers are 
developing sustainable development theory and methods; how theoretical methods are 
transferred into real practice by policy-makers, private and public organizations and 
citizens; and whether this research and implementation will ensure the achievement of 
international goals, such as those set by the United Nations in the 2030 Agenda for 
Sustainable Development. 

The conference objectives were as follows: 

x to illustrate the enormous implications of continued unsustainable production and 
consumption and the economic cost if society fails to act and reverse the 
unsustainable trend of economic development; 

x to bring together the world’s scientific experts and scholars presenting their most 
recent research findings and the other diverse stakeholders presenting their own 
successful experiences in the research of sustainable solutions and practices; 

x to provide a global platform for strengthening, promoting and enhancing scientific 
collaborations around the world and develop a conference programme that reflects 
the diversity of sustainable strategies and solutions research. 

The presentations given at the conference clearly contribute to these objectives. The 
reader can find in the Book of Abstracts and in the Book of Papers a collection of these 
contributions; abstracts and papers presented at the conference have been submitted to 
a complete blind peer review process from international experts.  

 The local conference Chair 

Roberta Salomone 
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Analyzing sustainable development: systems-based methods and 

modeling tools for the Sustainable Development Goals 

David Zelinka1, Bernard Amadei2 

1Mortenson Center in Engineering for Developing Communities, University of Colorado Boulder, david.zelinka@colorado.edu 

2Mortenson Center in Engineering for Developing Communities, University of Colorado Boulder, amadei@colorado.edu 

Abstract 

The Sustainable Development Goals (SDGs) represent a 15-year roadmap for global sustainable development with the ultimate 

goal of eradicating extreme poverty. Devised through political consensus, as opposed to academic consensus, the SDGs were 

formulated as a list of 17 goals and 169 targets with limited consideration for their interactions. Since their inception, there 

has been an increasing interest in formulating and quantifying these interactions and addressing the 17 goals in an integrated 

manner. This is a challenging and laborious task due to the underlying complex socioeconomic, political, and environmental 

issues at play among each goal and their associated targets. This paper belongs to a group of recent contributions interested in 

utilizing soft- and hard-systems approaches to model the SDGs in an integrated manner. Two types of analyses are presented: 

the cross-impact analysis (soft approach) and system dynamics (hard approach). Both approaches consider all potential 

interactions among the SDGs. The cross-impact analysis is useful for a static representation of the SDGs and can be carried 

out with relative ease; it provides a good overview of the SDG as a complete system. System dynamic models by their very 

nature change with time and can model long-term interactions and trends and identify emergent patterns and leverage points; 

they require more effort to construct but can be used to produce highly-informative scenarios and what-if analyses. Models 

illustrating the application of these two approaches to the SDGs are also presented with an accompanying user-friendly, web-

based interface tool designed for anyone interested in exploring trade-offs and synergies among the SDGs. This tool will be 

updated constantly and should be of particular interest to decision and policy makers and those actually responsible for 

implementing the SDGs at the country-level. 

Keywords: Sustainable Development Goals, systems thinking, modelling, cross-impact analysis, system dynamics 

1. Introduction 

In 2015, the United Nations introduced the Sustainable Development Goals (SDGs) as a new 15-year long road map for 

worldwide sustainable development (United Nations, 2016). As described in the resolution adopted by the General Assembly 

on 25 September 2015, the aim of the SDG framework is to cultivate and expand humanity’s desire to “do good” while also 

organizing its ability to do so. The SDGs “…seek to build on the [previous] Millennium Development Goals (MDGs) and 

complete what they did not achieve (United Nations General Assembly, 2015).” In launching the SDGs, the General Assembly 

of the United Nations “recognize[d] that eradicating poverty in all its forms and dimensions (including extreme poverty) is the 

greatest global challenge and an indispensable requirement for sustainable development (United Nations General Assembly, 

2015).” To that end, the SDGs represent “a plan of action for people, planet, and prosperity,” which in addition to peace and 

partnership, define the five “P’s” of the mission of the SDGs. To accomplish that mission, the four dimensions of sustainable 

development – political, social, economic, and environmental – must all be considered, while accounting for their trade-off 

and interactions. Even though there are many goals and targets, eradicating extreme poverty (SDG 01) is the ultimate goal, 

but only if it is accomplished in an environmentally benign way. The other goals can be understood as constraints and 

requirements that eradicating extreme poverty must also satisfy. Fulfilling the mission of sustainable development is indeed a 

daunting task, a truly formidable undertaking, unparalleled in human history. 

From the inception and ultimately the adoption of the SDGs, there has been an increasing interest in understanding and 

quantifying their interactions (Costanza et al., 2016). Multiple works have been produced by various entities to identify 

important linkages among the SDGs, how the SDGs affect each other (Coopman et al., 2016; ICSU and ISSC, 2015; Nilsson 

et al., 2017, 2013; Vladimirova and Le Blanc, 2016), and how to measure qualitatively or semi-quantitatively those interactions 

(ICSU and ISSC, 2015; Nilsson et al., 2017, 2016; Sustainable Development Solutions Network et al., 2015). 

Even though it is recognized that the SDGs are interconnected, the authors are not aware of existing publications that analyze 

the effects of the SDG interactions in a systemic or integrated manner. However, some mathematical tools already exist in the 
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literature that could be used for that purpose, such as: (i) equations to calculate the indirect impacts (the effect due to the 

interconnections) from direct observations of a mathematical system (Bollen, 1987); (ii) the economic input-output and 

Leontief models (Moffatt and Hanley, 2001; Sachs et al., 2016; Todorov and Marinova, 2011); (iii) the MICMAC structural 

analysis (Arcade et al., 1999; Glenn, 2004); and (iv) the cross-impact analysis (Weimer-Jehle, 2006, 2008; Zelinka and 

Amadei, 2017). These publications are great starting points, as they focus on the science of linkages, but fall short of 

quantifying the impact of these interactions. They serve as the scientific foundation (ICSU and ISSC, 2015) on which we build 

a systems-based methodology to understand the long-term trajectory and success of the SDGs with a systems perspective. 

While addressing and implementing the SDGs, accounting for their effects on one another is crucial to their success. Because 

of their complex formulation, some goals are bound to affect others negatively or positively, whereas others may not have any 

direct effect, while all SDGs will affect all others through some indirect path. Furthermore, the interactions are context- and 

scale-specific; each country, city, or entity attempting to adhere to the SDG framework has unique characteristics and 

situations. For example, rural Kenya will not have the same conditions as an island-nation; a city will have different issues 

than a country; a water-poor country will struggle with problems that a water-rich community will not; political factors might 

constrain or further enable certain outcomes for the SDGs. Likewise, a country with strong environmental regulations might 

not have such large negative impacts on the environment resulting from energy-use and economic activity. The factors leading 

to the success or failure of implementing the SDGs are innumerable. 

Current guidelines for implementing the SDGs do not account for the interconnectivity of the SDGs and most focus on only 

one, or a group of them. Adopting a systems mindset will enable development practitioners to understand how prioritizing 

certain aspects of sustainable development could influence all SDGs. For example, as discussed later in this paper, attempting 

to directly reduce poverty (SDG 01) is ultimately self-defeating, as poverty is dependent on virtually all other goals and areas 

of sustainable development (energy, sustainable consumption, reducing inequalities, environmental sustainability, good 

governance, etc.) not the other way around. In directly addressing poverty, the other goals are neglected and suffer. Because 

all the other goals influence poverty, and poverty overall negatively affects the other goals, focusing on poverty is detrimental 

to its alleviation, a counterintuitive result hidden from most non-systems-based analyses. 

Thus far, we have described the need for systems thinking approaches rather than a reductionist approach when addressing the 

SDGs. As defined by Richmond (1994), systems thinking “is the art and science of making reliable inferences about behavior 

by developing an increasingly deep understanding of underlying structure.” Another definition proposed by Sterman (2006) 

considers systems thinking as a new mindset with both depth and breadth and “an iterative learning process in which we 

replace a reductionist, narrow, short-term, static view of the world with a holistic, broad, long-term, dynamic view, reinventing 

our policies and institutions accordingly.” Systems thinking and systems tools such as cross-impact analysis (CIA) and system 

dynamics (SD) modeling, which are considered in this paper, enable decision makers to explore the cross-impact and dynamic 

(changes with time) interconnections across the SDGs in a more rigorous and analytical way than just using intuition.  

A systems or integrated approach to the SDGs requires development practitioners to acquire a certain level of awareness and 

decision-making maturity. System thinking is learned, and anyone can become a systems thinker by adjusting their 

perspectives and adopting new habits as described in Table 1. 

Table 1. System thinking habits for the SDGs (adapted from Benson and Marlin, 2017) 

Habits Description: as they pertain to the SDGs 

Big Picture 

A systems thinker “steps back” to examine the dynamics of a system and the interrelationships 

among its parts. They see the forest, rather than the details of any one tree. To understand the 

SDGs’ framework, analyzing all the SDGs, not just one, is required. 
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Habits Description: as they pertain to the SDGs 

Change with time 
Dynamic systems are made up of interdependent elements, which change over time. The status of 

the SDGs is governed by dynamic elements, such as education, infrastructure, and governance. 

System’s structure 

Focusing on the structure of the system facilitates an understanding of the outcomes of the system 

(i.e. structure determines behavior). The institutions involved with the SDGs have an 

organizational structure that cannot be ignored when considering strategies for implementing the 

SDGs. The success of the SDGs is closely related to the institutional strength on which they rely. 

Interdependencies 

A systems thinker knows that the cause-effect relationships within dynamic systems are circular 

rather than linear. Complex causal relationships include balancing feedback, in which the system 

is trying to reach and maintain a goal, e.g. the heating system in a house. There also may be 

reinforcing feedback, such that the more you start with the more it increases over time, e.g. 

population. Each SDG is intimately tied to other SDGs; thinking of the SDGs in their silos ignores 

the interdependences producing unknown or unreliable outcomes. 

Connections 

A systems thinker intentionally makes connections in order to better understand the relationships 

in systems. A systems thinker creates meaning by considering how new information connects to 

previous knowledge by adding, modifying, transferring, and synthesizing the information into a 

deeper understanding. Seeing how the SDGs are connected is required to understand how they will 

change over time thereby affecting the strategies for their implementation. 

Change perspectives 

To understand how a dynamic system actually works, a systems thinker looks at the system from 

a variety of different angles and perspectives, perhaps in collaboration with others. Changing 

perspectives enables multiple alternative strategies to be considered for the implementation of the 

SDGs. A strategy might not work for all situations, countries, or cultures. 

Assumptions 

A systems thinker will rigorously examine assumptions in order to gain insight into a system. 

Insight put into action can lead to improved performance. It is crucial to understand how and why 

assumptions are made, beliefs are developed, and actions are taken based on perceived data to 

avoid incorrect assumptions. An SDG implementation strategy based on incorrect assumptions 

could run over budget, not have the desired outcome, create risks, or fail entirely. 

Fully considers 

issues 

A systems thinker is patient. They will take time to understand the system’s structure and its 

behaviors before recommending and implementing a course of action. A systems thinker also 

understands that succumbing to the urge for a quick solution can create more problems in the long 

term. The complexity of the SDG framework requires a deep understanding of the issues to make 

sure an appropriate strategy is used. 

Mental models 

In any given situation, an individual perceives and interprets what is happening, thus creating a 

picture, or mental models, which are comprised of assumptions, beliefs, and values that people 

hold, sometimes for a lifetime. A systems thinker is aware of how these mental models influence 

perspectives and ultimately any actions taken. Mental models often govern how people implement 
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Habits Description: as they pertain to the SDGs 

the SDGs. If those mental models are comprised of misleading or incorrect assumptions, strong 

biases might corrupt the strategy to implement the SDGs. 

Leverage 

Based on an understanding of the structure, interdependencies, and feedback within a system, a 

systems thinker implements the leverage action that seems most likely to produce desirable 

outcomes. Identifying leverage points for the SDGs will most effectively use resources to forward 

the mission of the SDGs; they are locations that policies should be focused. 

Consequences 

Before acting to change a dynamic system, a system thinker weighs the possible short-term, long-

term, and unintended outcomes of the action. Without understanding possible consequences, any 

actions taken to improve the outcome of the SDGs might back-fire and make the situation worse. 

Accumulations 

Systems are made up of many elements including accumulations, i.e., amounts that can increase 

and decrease over time, and their rates of change. Sustainable development, and therefore the 

SDGs, are based on things (population, money, infrastructure, etc.) that change (flow) over time, 

or accumulate. 

Time Delays 

A systems thinker recognizes that when an action is taken within a complex, dynamic system, the 

outcome of the action may not be seen for some time. Implementing policies for the SDGs will 

take time, which will differ based on the specific policy and sector in which it will function, and 

the effects of those policies will take time to be felt. For example, a policy that involves 

constructing infrastructure takes a lot of time and investment before that infrastructure can be used. 

Successive 

approximations 

By trying a solution and then assessing (monitoring and evaluating) the results, understanding of 

the issue will increase. Over time, each cycle or successive approximation, of checking results and 

changing actions if needed, will move the system closer to a desired goal. The desired and actual 

effects are not normally the same when a policy or strategy for SDG implementation are made, so 

the outcomes need to be monitored. Sometimes, course corrections must be made to bring the 

desired and actual effects closer together. 

Even though these habits were developed in the context of integrating systems thinking in K-12 education, they apply to a 

wide range of situations where the thinker is faced with complex issues associated with messy, wicked, or ill-structured 

problems. These habits can also be understood as thinking strategies (visual, listening and speaking, and kinesthetic) that a 

decision maker, such as someone who makes decisions about addressing the SDGs, might want to follow to address complex 

problems. 

A systems approach to addressing the SDGs is an appropriate means to account for the complexity and uncertainty at play in 

sustainable development at the country or other scales of interest. It can be used to: 

• better understand how meeting the goals and their targets depend on context along with the capacity, vulnerability, 

and structure at the local, city, country, or global levels; 

• explore how certain structural variables or factors influence that dynamic, including feedback mechanisms, by 

carrying out various parametric and sensitivity studies; 

• explain existing patterns of human development at different spatial and temporal scales; 
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• interpret emergent properties of human development such as poverty/wealth, peace/conflict, health, resilience, and 

sustainability that may involve one or several goals;   

• examine various perspectives of human development interventions and consider possible (intended and unintended) 

consequences of decision making and policies and their implications; 

• identify and explore leverage or tipping points, those critical places to intervene at different scales that will most 

benefit human development;  

• predict how countries or regions may respond to various constraints and disturbances and/or strategies of capacity 

development; 

• monitor and evaluate the performance of development interventions and decide on how to adjust as development 

projects unfold, thus leading to more successful projects in the long term; and  

• develop approximate but good enough sustainable development solutions that are more flexible and adaptive to 

change than the traditional deterministic, rigid, and ultimately inappropriate long-term solutions.  

In summary, a systems approach to addressing the SDGs and their targets has potential to provide an alternative to the 

deterministic decision process that has been used in development around the world over the past 50 years. That lack of a 

reliable science-based development has led many people to the misguided conclusion that aid (closely related to sustainable 

development and the SDGs) has been ineffective, as suggested by William Easterly, author of White Man’s Burden (2006), 

and Dambisa Moyo, author of Dead Aid (2009). 

The next section describes two systems-based tools – cross-impact analysis (CIA) and system dynamics (SD) modeling – used 

to analyze the SDGs in an integrated manner. They allow sustainable development to be analysed so that scientifically robust 

and reliable outcomes can be purposely designed and strategized. A detailed methodological explanation can be found in the 

authors’ previous work (Zelinka and Amadei, 2018a, 2018b) on which this paper is directly based. 

2. Systems Tools and Methodologies 

2.1. Soft Systems Tool: Cross-Impact Analysis 

Cross-impact analysis (CIA), also called double-causality analysis, is a mathematical approach used in Futures Research 

studies. It originated in the mid- to late-1960s (Gordon, 2014; Gordon and Hayward, 1968) and was initially developed to 

analyze weakly (soft) structured systems for which theory-based computational (hard) models do not work due to the systems 

complexity, uncertainty, and disciplinary heterogeneity. Since its inception, cross-impact analysis has been a general soft-

system method for assessing the “interrelations [among] the most important influential factors in a system by experts who 

evaluate [subjectively] pairs of these factors” (Weimer-Jehle, 2006). The different approaches to CIA differ on how the 

interrelations are formulated (probabilistically or deterministically) and whether a qualitative, quantitative, or mixed approach 

is used to describe causalities (Serdar Asan and Asan, 2007). 

CIA is particularly appropriate to tackle large-scale human societal issues such as those addressed by the SDGs. Its approach 

is flexible and lends itself to expert discourse, which is important for effectively identifying the actual causes of a problem as 

opposed to using a mere intuitive and/or educated guess. Cross-impact analysis is a method to understand complex systems 

with relatively little effort in a concise and informative way. Due to its flexibility and versatility, it is apt for use in comparing 

multiple scenarios and finding out the most appropriate situation based on analytical tools rather than guesses, biases, and 

partisan influences. 

Let’s consider a system consisting of n interacting variables. CIA of that system is usually presented by a (n x n) matrix with 

zeroes along its diagonal and n2-n off-diagonal terms. The off-diagonal terms define how each variable (row) directly 

influences or impacts the other variables and how each variable (column) depends on, or is sensitive to, the other variables. It 
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should be noted that the matrix is not symmetric. The strengths of the influence between two variables can be described 

qualitatively using qualifiers such as high, medium, or low, or scored semi-quantitatively over an appropriate scale, say, 

between 0 for no influence up to 3 (or larger) for high influence. The selected scale is specific to the system being analyzed. 

Figure 1 shows an example of a cross-impact matrix (CIM) for the n = 17 SDGs where semi-quantitative scores have been 

assigned to describe the strength between interacting SDGs, two at a time. Using the scale proposed by Nilsson (2017), the 

scores were assumed to range from -3 (strongly dependent) to +3 (strongly influential). Negative values depict an SDG that 

either constrains, counteracts, or cancels another goal, broadly defined as limiting; the opposite is true for positive values, 

which either enable, reinforce, or are indivisible to another goal and are generally defined as enhancing. Each of the three 

limiting and enhancing titles refers to the relative magnitude of those interactions. Interactions are 0 when there are no 

discernable effects and are called neutral. Values were assigned for each one of the 272 off-diagonal terms of the double-

causality matrix of Figure 1. It should be noted that -3 never appeared in our analysis. 

 
Figure 1. Double-causality matrix with influence, dependence, and priority index (Zelinka and Amadei, 2018a) 

Using the total influence and dependence scores from Figure 1, three indices were calculated for each SDG and are listed on 

the right side of Figure 1. The first index, the net influence (NI), was calculated as the difference between influence and 

dependence. The NI shows the absolute power of a goal. The larger the NI the more “power” that goal has when influencing 

the other goals. The second index is the influence (I)-to-dependence (D) ratio (IR = I/D). It focuses more on the efficiency of 

a goal. Finally, the third index defined as the priority index (PI) is a proportionally weighted-average of the influence ratio 

(IR) and net influence (NI) relative to the smallest and largest values for each set of goals: 

𝑃𝐼 = 𝐴 (
𝐼𝑅𝑥 − 𝑚𝑖𝑛 𝐼𝑅

𝑚𝑎𝑥 𝐼𝑅 − 𝑚𝑖𝑛 𝐼𝑅
) + 𝐵 (

𝑁𝐼𝑥 − min 𝑁𝐼

max 𝑁𝐼 − min 𝑁𝐼
) 

𝐴: 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑖𝑛𝑓𝑙𝑢𝑒𝑛𝑐𝑒 𝑟𝑎𝑡𝑖𝑜 

𝐵: 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑛𝑒𝑡 𝑖𝑛𝑓𝑙𝑢𝑒𝑛𝑐𝑒 

𝑚𝑖𝑛: 𝑚𝑖𝑛𝑢𝑚𝑢𝑚 𝑣𝑎𝑙𝑢𝑒 𝑖𝑛 𝑠𝑒𝑡 𝑜𝑓 𝑎𝑙𝑙 𝑔𝑜𝑎𝑙𝑠 

𝑚𝑎𝑥: 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑣𝑎𝑙𝑢𝑒 𝑖𝑛 𝑠𝑒𝑡 𝑜𝑓 𝑎𝑙𝑙 𝑔𝑜𝑎𝑙𝑠 

Several remarks can be made about the double-causality matrix. First, the values represent the direct impact of one SDG onto 

another. The point of the cross-impact analysis is to map the direct effects between variables which, when analyzed further, 

could help to determine indirect effects among variables. As an example, let’s consider two of the SDGs, the effect of ocean 

(SDG 14) and gender equality (SDG 05). These two SDGs have no direct influence per se on each other, but indirect influence 
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is possible. For instance, cleaner oceans might improve water and sanitation that eventually improve health and education, 

eventually improving human rights and gender equality.  

A second remark about Figure 1 relates to the selection of the interaction scores. Metric and indicators must be developed to 

determine what represents a positive or negative score. Nilsson et al. (2017) developed, for instance, such metrics for SDG 02 

(Food Security), SDG 03 (Health), SDG 07 (Energy), and SDG 14 (Oceans). The scores in Figure 1 were based on some of 

these metrics and on other publications (Coopman et al., 2016; Sustainable Development Solutions Network et al., 2015; 

Vladimirova and Le Blanc, 2016). They were assumed to reproduce the interaction dynamics among the SDGs representing 

an average-sized country of average population and at an average level of human development. The country doesn’t exist, but 

our goal was to generate a cross-impact analysis of the SDGs for a hypothetical average country. This should be understood 

as a proof-of-concept that could be used for specific situations.  

Finally, it should be noted that the scores in Figure 1 depend on the context in and scale at which the cross-impact analysis of 

the SDGs is conducted. The proof-of-concept presented herein could be extended to analyze the interactions of the SDGs at 

the global, regional, city, or community level. It could also be applied to any culture, socio-economic group, or groups of 

multiple communities. 

The total influence, or impact, of each SDG on the others and the total dependence, or sensitivity to, of each SDG on the others 

were calculated by summing the row scores and column scores of the double-causality matrix, respectively as shown in Figure 

1. The dependence and influence values were plotted on a single dependence (x) vs. influence (y) graph (Figure 2). The size 

of the bubble corresponds to the priority index. A larger bumble signifies a more influential goal overall. 

 

Figure 2. Influence and dependence graph with prioritization bubbles (Zelinka and Amadei, 2018a) 

The diagonal line shown in Figure 2 separates the goals that are more dependent (above the line) from those that are more 

influential (below the line). The average influence and dependence value for all SDGs is 17.3 in the present example and is 

represented by a star on the line near infrastructure; a higher average value would indicate a more stable (determined) system 

(Arcade et al., 1999). The graph can then help to separate the variables (goals) into several groups. According to Arcade et al. 

(1999), they include: 

i. influential variables (goals) with low dependence and high influence; e.g., SDG 06 (WASH), SDG 16 (Governance) 

and SDG 17 (Partnerships); 
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ii. excluded variables (goals) with low influence and dependence; e.g., SDG 13 (Climate Change), SDG 14 (Oceans), 

and SDG 15 (Land); 

iii. dependent variables (goals) with high dependence and low influence; e.g., SDG 01 (Poverty), SDG 02 (Food 

Security), SDG 03 (Health), and SDG 10 (Inequality); and 

iv. regulating variables (goals) that lie near the center of the graph, e.g. SDG 04 (Education), SDG 05 (Gender 

Equality), SDG 08 (Economy), SDG 09 (Infrastructure), and SDG 11 (Cities). 

Because of their high influence and low dependence, influential goals are goals with high leverage; lower is the dependence, 

higher is the leverage. As their dependence increases, these goals become more difficult to address. On the other side of the 

dependence-influence spectrum, are the dependent variables that are the outputs of all the variable interactions. They are 

“strong indicators of the ‘health’ of the entire system of variables” (Ritchie-Dunham and Rabbino, 2001) and are sensitive to 

changes in the other variables. In Figure 2, both poverty reduction (SDG 01) and inequality reduction (SDG 10) are strongly 

dependent variables and are key indicators of the overall state of sustainable development at the country level. (Recall that 

eradicating extreme poverty (SDG 01) ultimately is the goal of the SDG framework and sustainable development in general.)  

Other dependent variables such as health (SDG 03) and food security (SDG 02) are also indicators of the health of the system 

but have more influence on the other SDGs than poverty reduction and inequality reduction.  

Goals that are clustered anywhere near the diagonal line on the graph have similar influence and dependence values meaning 

that these goals are not significant one way or another. A focus on these goals is much more tactical than focusing on the 

influential goals. They might not improve sustainable development overall, but they could improve a specific goal. For 

instance, if a policymaker wants to specifically spur energy and economic development, then allocating resources to 

infrastructure (Goal 09) makes sense. 

2.2. Hard-Systems Tool: System Dynamics Modeling 

A second approach to modelling the interactions of the SDGs is to use system dynamics (SD). A detailed methodological 

walkthrough of the SD model that represents the interconnections among the SDGs can be found in Zelinka and Amadei 

(2018b). We present below a brief discussion of the system dynamics method and how it departs from cross-impact analysis.  

System dynamics which, as the name suggests, accounts for how the components of systems and their linkages change with 

time. Furthermore, it takes under consideration the components of a system, in addition to following a systemic process of 

inquiry. Unlike cross-impact analysis that can be carried out using simple tables in Excel, system dynamics analysis requires 

using more sophisticated software packages. The system dynamics models presented in this paper use the STELLA (Systems 

Thinking Experiential Learning Laboratory with Animation) Professional software by isee systems, Inc. v1.6. Moreover, we 

would have the reader refer to Table 1 in the introduction, as many of the habits of systems thinker are directly used in SD 

modeling and, in fact, constitute key structures and aspects of SD modeling, notably changes with time, system’s structure, 

interdependencies, connections, accumulations, and time delays. 

Systems dynamics is a relatively recent branch of systems science that originated with the work of Dr. Jay Forrester at the 

Massachusetts Institute of Technology in the 1950s and 1960s. It represents a milestone in the overall evolution in the 

application of systems thinking and the development of tools to address complex issues in a wide range of disciplines such as 

engineering, business, economics, health, planning, management, etc. A simple way to see system dynamics is that it studies 

“how systems change over time” (Ford, 2010). The System Dynamics Society (2016) defines system dynamics as a computer-

aided approach to policy analysis and design.  It applies to dynamic problems arising in complex social, managerial, economic, 

or ecological systems — literally any dynamic systems characterized by interdependence, mutual interaction, feedback, and 

causality. 

Since its inception, system dynamics has accrued popularity in various STEM and social science fields. Landmark books, 

among many others, that have promoted the applications of system dynamics include those by: Sterman (2000) on business 

dynamics and management science; Ford (2010) on modeling environmental/ecological processes; and Amadei (2015) which 
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involves application of systems thinking and SD to community development. In general, systems dynamics has unique 

characteristics that warrant its use in modeling the interaction of the SDGs: 

• It is a method that can be used to study how systems continuously change over time due to possible changes in and 

relationships among components and changes in the overall direction of systems allowing for both qualitative and 

quantitative modeling.  

• It requires a clear formulation, a mapping, and an iterative approach to model the issue(s) at stake.  

• SD models are defined by closed boundaries (causally-closed models) where endogenous components, those 

originating from within, predominantly dictate the behavior of the systems. Models are designed to be self-contained 

in terms of cause-and-effect inside their boundaries so that no external (exogeneous) influence needs to be explicitly 

considered. In other words, SD models are designed to contain the components that “are important to explain [their] 

dynamic behavior” (Richardson and Andersen, 2010; Vennix, 1996) of systems including their internal rules.  

• Non-linearities in the system are included in the form of first order differential equations. 

• Information feedback mechanisms in the system can be included in the form of interconnected closed loops and 

circular causality allowing for reinforcing and balancing trends. This can help in explaining the counter-intuitive 

forms of behavior of some systems.  

• The method emphasizes that the structure of systems (i.e., their components, mutual interactions, and environmental 

interactions) affects their continuous behavior. Combining feedback loops, various dynamic patterns can be 

simulated and used to model different behavioral patterns of system changes such as growth, decay, overshoot, 

oscillations, equilibrium, randomness, and chaos. As the structure of a system changes, so does its behavior. 

• More emphasis is placed on the structure of a system (its aggregated nature) than on trying to figure out the details 

of individual components.  

A main characteristic of SD modeling is that it captures the feedback mechanisms inherent to complex systems using two 

types of cause-and-effect circular causations: reinforcing and balancing feedback loops. Reinforcing (R) loops are used to 

model self-reinforcing, feedback processes that have potential to cause permanent growth or eventual collapse. Reinforcing 

loops are prevented from perpetual growth or decline with balancing (B) loops, which create self-correcting processes leading 

to stability and equilibrium. In addition to these two basic components, delays may be added to model the effect of time in 

linking causes and effects or any adjustment processes.  

As described in the system dynamics literature, various combinations of loops and delays can be created to model the behavior 

patterns of complex systems and unique repetitive patterns called archetypes. The models can be represented in an object-

oriented form of causal-loop diagrams or stock-and-flow diagrams. Causal loop-diagrams (CLDs) show how elements of a 

feedback mechanism interact in a causal manner. They are useful in mapping, inferring, and visualizing what contributes to 

growth, decline, delay, or stability, and are mostly used at the strategy-level. They show trends and connections and causal 

feedback mechanisms in a system. They are not used to conduct numerical simulations of systems. On the other hand, stock-

and-flow diagrams, as discussed below, consist of combinations of several building blocks. They help visualize flow, 

accumulation, delay, and dissipation processes (qualitative). They also allow for numerical (quantitative) simulations and 

parametric or sensitivity studies and can therefore be used at the operation-level. Only stock-and-flow diagrams are considered 

in this paper.  

All stock-and-flow diagrams used in system dynamics software packages such as STELLA consist of several of the 

components shown in Figure 3 (Richmond, 1994). Stocks, represented by rectangular boxes, are net accumulations of 

something at one point in time. Possible SDG-related accumulations include: currency for GDP in economic systems; people 

as population; CO2 as an indicator for climate change; and volume of water per person for a village, town, city, or country. 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

9



Stocks are state variables: they define the current state of a system. Conveyors are another type of stock that represent a fixed 

interval of time through which something passes. 

 
Figure 3. System dynamics modeling structures 

Flows, represented in the form of pipelines (with a faucet controlling the flow), refer to processes that cause change over time 

of information or materials (number of births per year, inflation rate, flow of a river, cash flow, carbon emission and 

sequestration, rate of cutting or planting trees, etc.). Flow (flux or rate), in turn, results in changes (dynamic behavior) in the 

stock accumulations and in the entire system. Flows are control variables; they create change in the state of a system. Flow 

can be a uniflow or a biflow – a uniflow flows in one direction, while a biflow flows in both. Flows can be connected to stocks 

and convertors through connectors (visualized by arrows). Flows could be attached on both ends, one end, or neither end to a 

stock. When one or neither end is connected, a cloud is shown, which represents an infinite source or sink outside the 

boundaries of the model. 

Convertors, represented by just a name or a circle-and-name, convert or transform information from a stock-and-flow path to 

another path. For example, if the population growth (a stock) requires a related growth in food production (another stock) then 

a convertor can be used to link the two. For each living person, a certain quantity of food is required, and a convertor will be 

included to carry out this calculation. Converters can be described in a functional form that depends on time or a connected 

variable. In this case a “~” appears inside the converter. 
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Connectors, represented by arrows, connect the various components and variables, and they transmit information throughout 

the model. Multiple variables can be connected to a single variable, or vice versa. Connections include stock-to-flow, flow-to-

flow, or between converters. The tail of the arrow represents the cause, or dependent variable, and the head represents the 

effect, or independent variable.  

Figure 4 shows an example of a stock-and-flow diagram used as subset of a more complex SD model developed by the authors 

(Zelinka and Amadei, 2018b) to analyse the interconnections among the SDGs. The complete SD model presented can be 

found on the web at https://exchange.isee systems.com/public/dave-zelinka/sdgs-interactions-v2. 

 

Figure 4. Insecure-secure diffusion model of SDG 01 poverty (Zelinka and Amadei, 2018b) 

In the above model, there are two groups (stocks) of people: those who are not income secure (Impoverished Population) and 

those who are income secure (Secure Population). When the situation of the impoverished population improves, the rate of 

economic mobility accelerates. When the economy worsens, some people lose income security and fall into poverty. Economic 

mobility is shown as a biflow in Figure 4 because people can move in both directions. 

The model of Figure 4 represents a goal-seeking paradigm through which the users input an estimate of the time (in years)it 

takes to eradicate ( or at least substantially reduce) poverty. The poverty delay indicates the lag between the time it takes for 

an intervention to be decided and the effect of that intervention to be felt on poverty reduction. There is also an effect on 

poverty from all other SDGs, represented by Interlinkages Hub.SDG System Linkages Hub, as well as an effect of poverty on 

all other SDGs, shown by the poverty interconnection factor and the poverty effect. The current size of each population also 

affects economic mobility. The five variables – expected years for completion of poverty; poverty delay; Interlinkages 

Hub.SDG System Linkages Hub; impoverished population; and secure population – all effect the economic mobility between 

the two states. 

Because the system is dynamic, the population’s demographics affects the two groups of people. Different socio-economic 

groups and other population demographics might have different birth and death rates from one another, which are represented 

by four uniflows in Figure 4. Low-income people and those living in developing countries tend to have higher birth rates 

compared to higher income people (Aassve et al., 2005; Schoumaker, 2004) and those living in developed countries (Ahlburg, 
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1996; Bank, 2017; United Nations Development Programme, 2017). High population growth rates would increase the size of 

the poor population (Impoverished) faster than the non-poor population (Secure), causing a feedback loop that exacerbates 

poverty. To combat this, the number of people escaping poverty needs to be greater than its net population change. 

2.3. Benefits and Limitations of Each Method of Analysis 

It should be noted that both cross-impact analysis (CIA) and system dynamics (SD) are not mutually exclusive from each other 

when addressing the SDGs, or most systems for that matter. They may appear to be dissimilar, but, they are indeed 

complementary. It is recommended, for instance, to first carry out CIA to map how the SDGs interact. This, in turn, forces 

decision makers to, at least, semi-quantify the strength of each component within the SDG network as well as the strength of 

the linkages among the goals. The results of that analysis are critical to developing robust and meaningful SD models. In 

system thinking lingo, they help develop so-called mental models of how the SDGs interact and outline hypotheses of their 

interaction dynamics. 

Cross-impact analysis has some limitations which can be overcome using system dynamics. As noted by Checkland and 

Poulter (2006), the limitation of a soft systems approach such as CIA is that it uses an “action oriented [learning] process” to 

address “problem situations” and not the content of the problems. The second limitation of CIA is that it is static; it represents 

a snapshot of a system in time and cannot handle dynamic (time-dependent) issues.  

A third limitation is that CIA is entirely based on human input, ideally, expert judgement. The cross-impact matrix (e.g., Figure 

1), which is at the fundamental core of CIA, requires judging experts to estimate how variables interact with each other, the 

degree of their interactions, and the possible results of their impacts (Weimer-Jehle, 2006). Essentially, the quality of the 

analysis depends on the accuracy and expertise of the people undertaking that analysis. The experts filling out the cross-impact 

matrix are “expected to possess insights which rather should be the results of an analysis (Weimer-Jehle, 2006).” This is the 

classic Catch-22, where input depends on output, rendering the analysis ineffective through circle-logic. 

System dynamics provides many benefits over the cross-impact analysis when modeling the behavior associated with the 

progress of SDGs and their interconnections over time. Its fundamental limitation, however, is that constructing SD models is 

relatively time-consuming. That being said, system dynamics is versatile if the models are carefully built with proper validation 

techniques (partially the subject of our other paper in these proceedings), appropriate variables are selected, and data are 

available about these variables. System dynamics models are best suited for the more complex and ill-defined situations such 

as those associated with the SDGs. In general, system dynamics modeling necessitates following an iterative road map 

consisting of several interconnected steps. Figure 5 shows a road map proposed by (Ford, 2010) consisting of eight steps: 

problem familiarization (step 1); problem definition (step 2); model formulation by constructing causal loop diagrams (step 3) 

and then stock-and-flow diagrams (step 4); parameter estimation (step 5); simulation to explain the problem being addressed 

(step 6); and simulation analysis consisting of a sensitivity analysis (step 7) and a policy analysis (step 8). 

Figure 5 also shows that the SD modeling process is divided into qualitative and quantitative modeling. Steps 1-4 can be 

interpreted as the qualitative and conceptual components of SD modeling. The other activities emphasize the quantitative 

dimension of that modeling. Whether qualitative or quantitative modeling is used depends largely the purpose of the system 

analysis, the availability of data and information about the system components, and the participating audience (Wolstenholme, 

1999). 
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Figure 5. Road map for system dynamics modeling (after Ford, 2010) 

System dynamics models can represent more complicated situations than cross-impact analysis. CIA is mostly spreadsheet-

based, which makes complex interactions among variables difficult to visualize and build. On the other hand, system dynamics 

models utilize versatile components on a blank canvas allowing for relatively, easily created models to depict complex 

interactions. Furthermore, it allows for more “creativity” and can handle more detailed analyses of more complicated systems 

than cross-impact analysis. Finally, system dynamics modeling by its very nature looks at change over time which is not 

possible with cross-impact analysis. 

3. Discussion and Conclusion 

What Ford does not mention in his road map is the importance of having a user-interface for decision making. An interface 

will allow anyone without any understanding of system dynamics modeling and minimal experience with the problem or issue 

at hand to run complicated systems-based analyses with little effort. For policy makers and those with influence and power to 

elicit change, SD models are likely to appear overly-complicated, esoteric, and generally off-putting. As a result, SD modeling 

and systems-based solutions remain primarily in the realm of academia and therefore they do not influence policy to the extent 

that they could or, for that matter, should. Without systems-approaches guiding policy, decision makers can rely only on 

“reductionist, narrow, short-term, static” (Sterman, 2000) influences. Policy guided by linear thinking will not produce the 

results necessary to implement truly sustainable development. 

In order to make system dynamics modeling of the SDGs interaction more operational and comprehensible to policy and 

decision makers, user friendly interfaces have been developed by the authors. Figures 6-8, are examples of such interfaces, 

albeit relatively simple ones. For simplicity, they use only six of the possible 17 SDGs, but do account for interactions among 

those six. Anyone can “play” with the sliders in Figure 6 and 7 and run simulations to explore the effects of possible policy 

interventions on the SDGs in an integrated manner. The sliders at the top of Figure 6 and Figure 7 represent the cross-impact 

interactions between the six SDGs considered in the analysis. When all sliders are set to zero as in Figure 6, the SDGs do not 

interact with each other at all. This is equivalent to considering the six SDGs as independent of each other. For the most part 

this represents the current linear thinking view of the SDGs, in their respective silos only. In comparison, Figure 7 shows the 

interface where the interactions are considered. The time it takes to reach each goal is selected by the user as shown on the 

bottom-right of Figures 6 and 7. The user can move the sliders as desired and compare multiple scenarios through a “what-if” 
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analysis. Figure 8 compares the results of the analyses carried out in Figures 6 and 7 for the six SDGs and shows the importance 

of accounting for the SDGs interactions in predicting how the SDGs vary with time. The model behind the interfaces of Figures 

6 and 7 is relatively simple; it only accounts for constant growth rates (akin to annual funding for each SDG) and the static 

effect of those interconnections. Realistically, there are many factors affecting the SDGs, and further complexity can be 

included to model any desired effect or policy intervention(s). The model behind the interface depicted in Figures 6 and 7 

assumes constant improvement of the SDGs due to a constant influx of resources, but events could happen that inhibit progress 

or even reverse it. For example, an outbreak of war could negatively affect all SDGs; a country might be hit with an unexpected 

disaster, whose likelihood was augmented through climate change; or there might also be a positive event like the discovery 

for a cure for AIDs, Ebola, or some other disease, which could vastly accelerate the progress towards health security. Even 

without the inclusion of these events and other possible exogenous effects, the model provides an important learning tool and 

a proof-of-concept. It shows that complex ill-defined systems, such as the SDGs, can indeed be modeled using systems-based 

tools and methods with relative ease producing highly informative results. If organizations, researchers, and entities in 

sustainable development adopt these tools, the effects of each dollar of funding will be much more effective for causing 

positive change in the lives of all of humanity, which is at the core of sustainable development. 
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Figure 6. Main interface page with no interconnection among SDGs 
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Figure 7. Main interface page accounting for interconnections among the SDGs 
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Figure 8. Comparison analysis between simulation without interconnection to the simulation that includes interconnections (Run 1 does not include interactions and all interconnection factors 

are set to 0 as in Figure 4; Run 2 includes the effects of interconnections as in Figure 5) 
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Abstract 
In a context of social and demographic changes, characterized by the reduction of waste and lower land use, the 
environmental, economic and social issues become a central challenge in a general framework of sustainable development. 
The increasing exposure to risk factors such as climate change, lack of resources, pressure of the continuous migratory 
flows, difficult economic conditions, represent a source of chronic stress and a reason of continuous instability for urban 
contexts. 
Indeed, the strong population pressure on megacities determine a constant housing problems, which have an impact on the 
urban contexts that, considered as economical attractors, are desired by a large segment of the population. 
In addition to the continuous and growing immigration flow there is also a population portion that, due to the poor economic 
conditions, can’t have access to the real estate market, not even for rent. 
The dimension and the heterogeneity of housing emergency, and the environmental and microclimatic impact of the 
anthropic presence in urban contexts, are the main elements for which the cites must provide cheap and sustainable housing 
solutions that can be easily built, with a net-zero energy consumption and low environmental impact, with flexible 
technological characteristics, in order to ensure a response to users who are heterogeneous by social background, habits, 
income and lifestyles. 
Without fast responses of traditional urban planning, the housing emergency turns into self-managed and informal responses 
that become itself emergency. 
So the city system, and its subsystems, must develop adaptation methodologies that do not compromise its own structure, 
even facing emergencies, and that include in the general sustainability concept also the resilience requirements. 
Considering the resilience as the sum of coordinated processes which have the consequence of increasing the adaptation 
capacity, the city must be resilient to the changing conditions, in order to preserve stability, and face the constant stress of 
chronic emergency planning fast, low-cost and zero energy housing solutions. 
This PhD research has investigated the architecture contribution to the Resilience Framework focusing on resilience 
requirements and distinguishing characteristics for essential housing models which, applied in preventive design stage, could 
contribute to the overall resilience of the urban system. 
Considering resilience as a feature present in many areas, but encoded in few ones, this research has structured a complex 
methodology which, through the Case Studies analysis (chosen from state-inhabitant cooperation projects for the informal 
settlements prevention) and through the analysis of the informal settlements typological aspects (such as the user’s practical 
responses to a need), has defined a user-specific needs profile and has extracted some specific requirements and best-practise 
of resilience useful to support also the social, energy, environmental and economic sustainability. 
Assuming the meta-design reference, the research has drafted a “Framework of technical indications for essential, new and 
temporary housing construction”, structured into “Technical Sheets for the Design”, containing technological, typological, 
functional, procedural information, useful to all those involved in resilient design processes that cooperate for quick, 
adaptive responses at a low cost for construction, management, maintenance and low consumption of energy and resources. 
 
Keywords: Resilience planning, Inclusive processes, Essential housing models, Minimum requirements, Adaptation 
methodologies 

1. Introduction  

The population pressure and the massive urban migration to the megacities determine a constant housing emergency and a 

growing housing need that puts the population in a condition of extreme discomfort. 

In fact the housing problems are linked to many factors. In addition to the presence of a growing and continuous 

immigration flow of foreigners in search of better life conditions and headed towards the metropolises, because they are 

considered as economical attractions, there is also the section of the population who, due to a lack of income, or poor 

economic conditions, have no access to real estate market, not even to rented houses. 
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Indeed, the reference data show a global population growing by nearly 65 millions of people every year and a prediction for 

2030 recording a staggering increase in urban areas and a decrease in rural ones (McKinsey Global Institute, 2011; The 

Economist on UN data, 2015). 

In Italy and in European context, by reason of scale, his phenomenon is different.  

Indeed, the situation here shows a zero growth of the local population while showing an increase in the foreign, non-

migratory population (8.2% out of the total population) which then compensates for the Italian population decline (Istat, 

2015). 

Besides such condition we must also consider the continuous impact of two phenomena regarded as constant stress of the 

urban system: that of continuous voluntary or forced migrations and that of the socio-economic crisis that families are 

facing, which makes it hard to access to housing also for local inhabitants.  

As many scientific sources show, to date 15.5% of Italian families, having no access to housing are already experiencing a 

constant housing discomfort, while 2.8% risk to be unable to bear the household costs (almost 650 thousand families), 40% 

of the families states that the expenses that mainly affect the family budget are those related to the house (Istat, 2014). 

Such a framework results in a huge amount of the population that does not falling within any of the possible and accessible 

housing solutions and that search for new jobs, for better economic conditions and for an accessible house. 

Without preventive methodologies that can ensure fast responses, which implying a quick, real and low-cost houses, the 

housing emergency often finds a temporary answer in informal, self-produced and self-managed solutions that become an 

emergency themselves. 

Supporting this thesis in fact, the report “The Challenge of Slums – Global Report On Human Settlements 2003”, 

highlighted that the number of people living in slums was growing and saw already about 924 millions of people worldwide 

living in slums in 2001, which counted for about 32% of the global urban population (UN-Habitat, 2003).  

As a matter of fact, the IX Report of Osservatorio Romano sulle Migrazioni (Roman Observatory on Migration) prefigures a 

scenario in which, although to a smaller extent than in emerging countries, the growth of informal settlements, already 

present also on the Italian territory (Osservatorio Romano sulle Migrazioni, 2012) might increase in size if no preventive 

measures are planned in response to that and push the segment of population without a house to find a solution in informal 

settlements. 

The size of phenomenon of housing emergency and the heterogeneous nature of its features, as well as the environmental 

impact that the human presence – a continuous source of stress – provokes in urban contexts are one of the key reasons why 

cities face crises.  

So, in order to face crises, the city must provide procedures, practices, actions able to increase their resilience, where 

resilience means the ability to be flexible, to find answers to continuous stress and unexpected shocks, to adapt to changes 

without being disrupted in their nature and stability. So it must provide quick, concrete and cheap housing solutions that can 

be easily built, with an energy consumption close to zero, with a low environmental impact and flexible technological 

characteristics, so to ensure a response to users who are very heterogeneous by habits, social background, income and 

lifestyles. 

2. Methods 

Contribution to the research about resilience framework: as many eminent scientific sources show, even the continuous 

housing emergency is considered among the sources of chronic stress impacting the city, to such an extent that one of the 

segments regarded as possible fruitful contributions to the resilience framework is housing, like Figure 1 (Ove Arup & 

Partners, 2014). 
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. 
Figure 1. ARUP Resilience Framework for 100 Resilient Cities – “Housing” segment 

For this reason it is required that the urban systems can develop planning adaptive methodologies that, while facing the 

emergency, do not further question their own structure and, with respect to the housing need, promote fast, low-cost, easy-

to-build housing solutions with zero energy consumption and low environmental impact as well as flexible technological 

characteristics capable of providing housing solutions to users with different habits, income, social status and lifestyle. 

Considering the urban resilience as a set of coordinated processes whose effect is to increase the adaptability of the city and 

its inhabitants (Dalziell and McManus, 2004), the present study1 aims to identify, for the selected target, the role of 

architecture in order to face the emergency. The final purpose is to plan a methodology and product contribution capable of 

providing architectural solutions in response to the housing emergency, and assess whether it is possible to find 

characterising features for such housing solutions without further stressing the urban system in which these are placed, while 

providing an indirect contribution to the resilience strategy. 

                                                       
1 This contribution is a synthesis of the PhD thesis in Architecture Technologies of Ilaria Montella. This thesis is entitled 
"Emergenza abitativa e requisiti minimi per l’accoglienza. Contributo alla strategia di resilienza” (Housing Emergency and 
Minimum Requirements for reception: contribution to resilience strategy), and was discussed in March 2017 at Florence 
University. 
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Therefore, this study’s specific objective is to verify if any criteria, requirements, features (of type, technology and 

procedure) and practical actions exist that, if applied in preventive way from the planning phase can affect the housing 

emergency by consequently contributing to reducing the impact of the human presence on the urban system without causing 

any further stress, yet contributing to the overall resilience strategy of the city. 

Regarding this aspect, is important to focus one of the peculiar features of a system called resilient, i.e. redundancy, like 

Figure 2, meant as the ability to renew, specifically created within such systems so as to bear the perturbation, the external 

pressures or the peak demand. This feature includes diversity meant as the existence of many solutions designed in an 

efficient way to achieve the fulfilment of a specific need. 

 

 
Figure 2. Urban redundancy. Source: PhD Thesis of the author Ilaria Montella 

So this study highlights that the urban response to emergency must consist in a plurality of coordinated solutions implying, 

for example, prearranged formulas to make private buildings available and promote the reuse of the existing abandoned real 

estate for housing purposes, the new constructions as a replacement to crumbling buildings, the portioning of existing out-of-

scale real estate not meeting the current life needs, the infill and the addition on the built environment in residential areas and 

the temporary constructions guaranteeing fast yet non-invasive responses respecting the current trends of soil conservation.  

Probably then the very coexistence between multiple housing solutions is where the system redundancy is and, as a 

consequence, the real contribution of architecture to enhancing an overall resilience strategy. 

Since the emergency response times require immediate, accessible and low-cost solutions, this study has outlined the 

methodological contribution on the segment of the new temporary constructions not proposing formal and planning solutions 

as such, only univocally applicable and with little resilience in adapting to the variety of needs, but rather taking the meta-

design reference and proceeding with the planning of preventive processes and identifying general guidelines and 

methodologies to support both designers and users. 
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The similarities between informal city and resilient solutions: cities, with static and traditional urban form, commonly 

become the background of the kinetic and spontaneous panorama of the informal city (Mehrotra, 2013). 

An alternative to this dichotomy between formal and informal was proposed by urbanist Rahul Mehrotra introducing the 

concept of "Static City", as opposed to “Kinetic City” as a model of dynamism, flexibility, temporary, recyclability, 

mobility, reversibility. 

Features that have a strong affinity with the concept of resilience and its manifestations in the urban contest. Following this 

provocation then, research has suggested that it is desirable to borrow from the "Kinetic City" connotative features 

applicable to the formal city in an evolutionary, participatory and inclusive vision planning. 

For this reason, the research has also taken into account the characteristics of the informal city in the deduction method of 

connotative requirements as a practical expression of the user's profile of need. 

The Deductive Methodological Framework: the methodology for deduction of minimum requirements: With the aim of 

defining the minimum requirements, the methodology first circumscribed the user target, in order to define a target profile 

and to define, from it, the possible characteristics of the housing response. 

The target considered for this research has a strong heterogeneity (low-income people, people experiencing a temporary 

discomfort, single persons living in difficult conditions, people waiting for council housing without positive outcome, 

regular low-income immigrants, asylum seekers awaiting decisions on their status, the “new poor” facing economic 

problems such as young/young couples/single-parent families, etc.). For this reason, a common set of needs shared by all the 

profiles and not specific to each of them was identified with the purpose of including more profiles of need.  

Described, like in Table 1. However, the not negligible aspect common to all user segments was taken into account not only 

relative to the possession of a home but also to “feeling home”, enhancing the links of people with their own space and 

social ties. 

Table 1. User profile frequent characterising features. Source: PhD Thesis of the author Ilaria Montella 

 
In light of the framework and the pre-set objectives, this study has defined a proposal for the minimum requirements of an 

essential housing response for the reference target and has provided a methodological, meta-design contribution structuring a 

“framework of technical, technological and procedural guidelines for an essential new and temporary housing solution”.  

This framework, developed as the outcome of the present study, is structured in sheets containing typological, technological, 

functional and procedural guidelines meant as an upgrading of informal solutions and as a downgrading of formal ones; 

features that, if applied during the planning phase, have the effect of facilitating resilient processes within urban contexts. To 

achieve such objective the methodology has first defined the reference target of users to draft a profile of need and define its 

characterising requirements. 

USER PROFILE FREQUENT CHARACTERISING FEATURES 
• State of emotional deprivation 
• Inventiveness in job creation 
• Disposition to entrepreneurial initiative developed in case of difficulty 
• Having greater inclination towards sharing and towards non-conventional residential solutions 
• Having a possible temporary need and temporary use of the product 
• Strong inventiveness in turning the inhabited space into self-construction 
• Having greater inclination towards socialisation given the shared condition and the temporary nature of the 

stay 
• Disposition to emulation through symbols of consumerism 
• Desire to change the residence received into one’s own home 
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The methodology used for the minimum requirement deduction has also taken into account the change in the standards 

established by law, also due to the changes in the society and in the size and type of the essential housing solutions in which 

it is possible to live, as practice shows. 

For this reason, considering the spatial concept of the spontaneous “Kinetic City” (introduced by Rahul Mehrotra with 

regards to informal cities) – as opposed to the “Static City” (Mehrotra, 2013) – as a model of dynamism, flexibility, 

temporariness, mobility, reversibility, and considering the strong connection between the concept of “Kinetic City” (linked 

to the informal city) and the concept of resilience with its aspects in the urban context, this study has also included the 

analysis of the characteristics of the informal city with a view to find some common factors useful to express the users’ 

profiles of need. 

For this reason the methodology developed was complex and mainly focused on the points, like in Table 2: 

Table 2. Main points of the methodology. Source: PhD Thesis of the author I. Montella 

 
In specific way, the following framework, like Figure 3, shows the macro-categories of analysis here considered and the sub-

categories deriving from their hybridisation (informal settlements, Best-Practices of case studies, Italian formal solutions). 

The following elements, in support of the whole analysis, functioned as privileged source useful to requirements 

deduction: 

• Meetings with experts: the reference here is to the interviews to the “Spin Time Labs” occupiers as “players” 

involved in the process of self-produced housing response and then support for the essential needs profile. Another 

reference is to the interviews to professionals and researchers experts in the field (anthropologist, urban planner, 

urban economist, social architect) used as facilitators of concepts already codified in the reference literature and 

then supporting the choice and the analysis. 

• Field research sessions: the reference is to the team participation in the Architecture competition “Solar 

Decathlon Europe ’14” as an occasion for the analysis and study of  housing solutions with processes similar to 

the resilient ones, and the study of “Spin Time Labs” (unlawful occupation of a building in Rome) as informal 

housing solution and then practical expression of profiles of need. 

 

MAIN POINTS OF THE METHODOLOGY 

Study of informal settlements 
characteristics 

Identifying common practices and habits in informal settlements, as clues of the 
profile of need and as solutions similar to resilient processes. Transferring the 
identified characteristics in ‘formal’ practice to contribute to people’s “feeling 
home” and provide an essential response to the need. 

Case studies analysis and Best-
Practices deduction 

Analysing cooperation projects between government and inhabitants for 
preventing informal settlements that, through some elements or practices already 
implemented, seem to provide solutions similar to resilient processes. 

Study of reference margins 
encoded by the legislation  

Analysing the standards established by the legislation on Italian formal 
settlements, for subsidised housing and for standardised solutions for emergency 
use (with reference to the Civil Protection Operational Manual) and considering 
them as margins for standards downgrading. 

Processing profile of needs and 
minimum standard deduction for 
essential housing solutions 

Starting from the basic size and functions deduced from the housing solutions of 
this type of user, planning a derogation from the standards established by law and 
identifying the basic requirements for essential housing solutions. 
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Figure 3. Deductive Methodological Framework of minimum requirements. Source: PhD Thesis of the author I. Montella 

As clearly shown the structure of Deductive Methodological Framework, has taken into account the following categories: 

• Italian formal solutions 

used as margin for standards downgrading, the following elements were considered: 

o Subsidised housing standard (M.D. 5/7/75): used as a reference for the legislative system  and for the 

deduction of possible derogations from standards. 

o Standardised solutions for housing purposes (with reference to the Civil Protection Operational 

Manual): as representing the first standardised and codified essential solution (after the self-produced slum) 

used as housing, although in emergency procedures. 

• Italian informal solutions 

used as a margin for standards upgrading, the following elements were considered: 

o ex-novo self-built informal housing: from which some common characteristics of slums were deduced; a 

typological study was carried out on the favela Jardim Colombo in Sao Paolo, Brazil to deduce the 

“dimensional standards”. 

o Informal occupation of existing buildings for housing purposes: the David Tower in Caracas and the 

«Spin Time Labs» in Rome were analysed as practical responses of the users to a specific need, as providing 

clues on the profile of need of the user and guidelines on solutions with characteristics similar to those of 

resilient processes. 
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• Analysis and Best-Practices deduction from Case Studies 

The Case Studies selection was made by using three macro-categories, not operating through a comparative approach but 

analysing individually each of them, with the purpose of extracting from them the replicable Best-Practices that already 

provided a similar contribution to that of resilient processes: 

o Cooperation projects between State and inhabitants for preventing informal settlements: examples of 

best-practices used in cooperation between government, citizens and banks as offer of social housing (the 

reference is to the projects “Minha Casa, Minha Vida”, “PREVI–Proyecto Experimental de Vivienda”, 

“PRO.CRE.AR. BICENTENARIO - Programa de Crédito Argentino del Bicentenario para la Vivienda Única 

Familiar”, “FUCVAM - Federacion Uruguaya de Cooperativas de Viviendas y de Ayuda Mutua”, “Techo” - 

Un Techo para mi País (UTPMP)”,“Elemental” Chile). 

o Projects of reuse of abandoned real estate for social housing purposes: examples of reuse of the existing 

real estate (also related to unlawful occupation of existing buildings for housing purposes) that also include 

job opportunities as a means to social integration. 

o Architecture competitions for low-cost housing projects for social housing purposes: examples of 

architecture competitions run to use the creativity of professionals in facing the challenges related to this issue 

(The reference is to the projects “Solar Decathlon Europe 2014”2 as their characteristics are similar to the 

resilient processes, and to the projects submitted to the contest “From Border to Home - Housing Solutions 

for Asylum Seekers” (recently organised by the Museum of Finnish Architecture and the Finnish Association 

of Architects SAFA), and “Berlin Award 2016: Heimat in der Fremde” whose results are exhibited in the 

2016 Venice Architecture Biennal). 

It is essential to specify that also the selection of the case studies was made not because those were “resilient projects, but 

actually because one of the objectives of this study is to identify which planning, procedural, technological requirements 

may have consequences increasing the inclination to resilience. On the contrary, the standard used for the selection aimed at 

identifying projects representing the selected and above mentioned categories by management model, procedures applied, 

project typology, building practice and user engagement. 

Indeed, the objective of the final outcome of this doctoral study was not to outline a project or to work with a comparative 

approach between the selected case studies, but rather to analyse each case study individually, highlighting the 

characteristics and Best-Practices to take as replicable patterns. 

The analysis sheets of each case study were organised identifying detailed macro-areas of study divided in: 

• Planning aspects: technological, typological, functional and user mix. 

• Procedural aspects: for which procedural and organisational specifics were identified. 

The categories used for each case study are shown below, like in Table 3: 

 

 

 

 

                                                       
2 Both authors participated in the Solar Decathlon Europe 2014 competition. Chiara Tonelli, as a professor and faculty 
advisor for Roma Tre University; Ilaria Montella as a PhD student and as a consultant and Energy Certificator of the italian 
prototype "RhOME for denCity", made by Roma Tre University and winner of the competition in Versailles in 2014. 
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Table 3. Macro areas of study. Source: PhD Thesis of the author I.Montella 

 

3. Results and Discussion 

At meta-design level from the analysis of the above-mentioned macro-areas, connoting characteristics have been extracted, 

then integrated into the drafting of the Framework of technical guidelines for essential new and temporary housing 

solutions”, structured in sheets containing typological, technological, functional and procedural indications, structured as an 

upgrading of informal solutions and as a downgrading of formal solutions.  

 
 

Figure 4. Diagram of upgrading and downgrading solutions. Source: PhD Thesis of the author I.Montella 

Some characterising features were extracted from the analysis carried out in all the above mentioned macro-categories, and 

required profile of essential housing solutions can be summarised as follows, like in Table 4: 

Table 4. Characteristics of informal settlements and profile of need of essential housing solutions. Source: PhD Thesis of the 

author I.Montella 

Planning Aspects: 
• typological aspects 

o type of building 
o interior division type 
o users 
o combination of volumes 
o functions 

• technological aspects 
o main technology 
o systems typology 
o assembly typology 
o construction system 

• design aspects of mixitè 
o users mixitè 
o functional mixitè 

Procedural Aspects: 
• management and organisation 

o management operations 
o user involvement in the constructive 

process 
 

INFORMAL SETTLEMENTS CONNOTING PROPERTIES 

ch
ar

ac
te

ri
st

ic
s 

of
 th

e 
in

fo
rm

al
 

se
tt

le
m

en
ts

 

• Share the common services 
• Reuse – preserve – collect whatever is possible 
• Use the collective spaces to have relations 
• Use the house also to work or to have a shop 
• Look for a place which is very close to the economic centres 
• Find empty spaces to expand the house 
• Use the space also in three dimensions 
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• Have a residence for medium and long term 
• Have a house which is energetically self-sufficient 
• Have the possibility to customize your own house 
• Have basic services in the private space 
• Have low-cost solutions, with low management cost 
• Have housing solutions which are easily available 
• Have a basic comfort which constitutes an upgrading with respect to the previous conditions  
• Share the common services with the other inhabitants 
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The analysis carried out on the case studies allowed to extract some best-practices (related to technological, typological, 

management aspects as well as practical actions, cooperative procedures, participatory processes of the inhabitant, laws and 

regulations for the adaptation to the Italian context) translated into procedural and planning guidelines that were added to the 

sheets of the final product. Furthermore, some common characteristics were identified that can be summarised, like in Table 

5: 

Table 5. Main characteristics extracted from case studies analysis. Source: PhD Thesis of the author Ilaria Montella 

 
Furthermore, specific “Sheets on Characterising Requirements”, like in Figure 5, were drafted for each section of the 

Deductive Methodological Framework including information on the users’ needs, on the characterising features of the users, 

on the surface area ratios and the common essential and basic equipment. So these values, extracted from each section, as 

shown in the following images, were used for the final proposal. 

 
Figure 5. Example of “Sheets on Characteristic Requirements”. Souce: Tesi dottorato dell’autrice I. Montella 

CASE STUDIES CONNOTING PROPERTIES 
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• Inhabitants participate to the house construction 
• The architect is not the sole decision-maker but the project is participative 
• Share the common services with the other inhabitants 
• Create social relations between inhabitants 
• Have aspects of functional mixing 
• Self-build your own house and reduce the economic costs for the State 
• Have a private space, but permeable 
• Have a very limited and quick schedule for the building phase 
• Have temporary buildings, not eternal, which preserve also the natural resources 
• Find and create, wherever they are, traces of your own past, your own tradition, your own habits, 

because it is tantamount to “take possession of the place” and “feel at home”. 
• Emulative aspect for which everyone who has few goods desires as well to possess the consumerism 

symbols. 
• Kinetic City as a dynamic space where each place, if necessary, changes its shape and use according 

to the users’ needs or the new conditions. 
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Making a summary by similarity of the requirements and needs described in the “Sheets on Characterising Requirements”, a 

set of requirements and needs was eventually developed typical of essential, new and temporary housing solutions, like in 

Table 6: 

Table 6. Needs and requirements of an essential, new and temporary housing solution. Source: PhD Thesis of the author 

I.Montella 

 
For each need, specific characterising requirements were elaborated that, after being described in detail, led to the drafting of 

the final sheets. Indeed the central section of the Deductive Methodological Framework, like Figure 3, shows the results of 

the study structured in sheets that compose the “Framework of technical guidelines for essential new and temporary housing 

solutions”. 

Here below, like Figure 6 and 7, show a graphic example of sheet containing belonging by building/context, name and 

description of the requirement, planning recommendations, technological guidelines and procedural suggestions, reference 

planning or procedural examples, guidelines for the reuse of existing buildings, relevant laws and regulations and 

suggestions of experts. Every design and procedural recommendation is accompanied by drawings and ideograms. 

 
 
 
 
 

With 
regards to 

the 
building 

• Perception of home  
o Living in a place that gives the idea of “feeling home” (physical and mental place of 

social and individual identification) borrowing best-practices from informal practice to 
give the opportunity of feeling home; 
 

o Ability to fulfil technological, functional and spatial imitation need; 
 

• Technologies, Completion Time and Low Cost 
o Having a housing that is easily available and easy to build in a limited timeframe; 

 
o Having a housing with low construction and management costs as well as low rent costs; 

 
• Flexible Functional Organisation and Evolutionary Potential 

o Enjoying space flexibility and adaptability (also in height) to the changing needs and use 
of additional functions (working, hosting people), also with derogations from standards; 
 

o Having the possibility to develop the house outdoors over time 
 

• Comfort and Sustainability 
o Enjoying a basic comfort that is an upgrading of the previous conditions; 

 
o Having an energy self-sufficient house to reduce management costs and safeguard 

resources; 
 

• Sharing 
o Having a crossable border between public and private spaces on the ground floor with 

the introduction of additional services; 
 

o Enjoying basic services in the private space and sharing common services and semi-
private spaces with the other inhabitants; 
 

 
With 

regards to 
the context 

• Proximity of Interests and City Services 
o Living near an urban context, near the workplace and the educational services; 

 
• Social Relations 

o Living in a place that fosters the interaction between social groups and favours a 
participatory and sharing-based lifestyle; 

 
• Soil Conservation 

o Guaranteeing the protection of the environment through a low soil consumption; 
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GENERAL SECTOR: (Building - Context) 
SPECIFIC SECTOR: (Home Perception, Organization etc) 

STP. N°1 

CONNOTING REQUIREMENTS OF THE SHEET  
(construction speed on the site, reduced cost of the building etc) 
Description of the requirement: 
………………………………………………………………………………………………………………………… 

PROJECT RECOMMENDED INDICATIONS  
Name of relevant section:  

…………….…………….…………….…………….…………….…………….…………….……………. 

• Design suggestions (based on descriptions of the connoting requirements, and on its related issues, eg 

examples of flexibility, evolution, layouts distribution deduced by Case Studies and re-elaborated) 

• Indications of the minimum dimensional requirements (comparing all the surface indicators deduced from 

the Case Studies, from the Popular Houses, from the Residential Housing Containers, from the Slums, from 

the occupied buildings) 

• Indications of the minimum equipment of the accommodation 

• Indications of procedural suggestions (based on what is deduced by the Case Studies, by the desk research 

and by the meetings with the experts) 

• Design indications deduced from the Case Studies 

• Box of suggestions highlighted by experts and by users interviewed 

• any relevant examples used as support for the issues 

• law references 

• indication of possible derogation 

• indication of best practices useful in existing and non-temporary buildings 

• indications of possible technological systems 

• indication of costs per square meter 

 

Technical and procedural suggestions:  

…………….…………….…………….…………….…………….…………….……….…………….…………….… 

 

 
…………….…………….…………….…………….…………………………………………………………………..  

Planning or procedural examples:  

…………….…………….…………….…………….…………….…………….…………….…………….…………. 

 

 
…………….…………….…………….…………….…………………………………………………………………..  

Suggestions for existing buildings: 

…………….…………….…………….…………….…………….…………….……………………………………….. 

 

 

…………….…………….…………….…………….…………………………………………………………………….  

Law references: 

…………….…………….…………….…………….…………….…………….……………………………………….. 

 

…………….…………….…………….…………….……………………………………………………………………  

Experts suggestions: 

…………….…………….…………….…………….…………….…………….………………………………………. 

 

Figure 6. Structure of Technical Sheets for Planning. Source: PhD Thesis of the author I.Montella 

Icon of Technical and 
procedural 

suggestions 
 

Icon of planning or 
procedural examples 

Icon of suggestions 
for existing buildings  

Icon of law 
references 

Icon of experts 
suggestions 
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Figure 7. Grafic example of Technical Sheets for Planning. Source: PhD Thesis of the author I.Montella 
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The economic hypothesis for affordable and resilient housing solutions: due to the state of emergency, regarding the 

persistence of the home demand, two aspects, in particular way, have a decisive value: the time and cost. 

With the aim of parametrize the economic and timing aspect, in this concluding part, starting from the rules contained in the 

“Technical Sheets for Planning”, it is drafted a grid of the costs and times associated with the realization of an essential 

housing module, with minimal accessories similar to those suggested in the sheets. 

Specifically, has been drafted a framework with minimum equipment, extracted from “Technical Sheets for Planning”, and 

this framework was then subjected to the supervision of well-known designer of wooden houses, in order to devise a cost/m² 

and construction times. 

In addition, in order to be able to give economic value also to the user's collaboration for the completion of the houses, or for 

the subsequent evolution of the home in self-construction, it was assumed to split, from the cost/m², some of the items in 

order to define the cost difference between the two and thus attribute an hypothetic cost to the participation of the user. 

Specifically, the information was divided into four sections: Construction, Users, Time, Cost, as specified below: 

For the CONSTRUCTION sector were considered the following items: 

• Preventive actions 

o Setting up the area  

• Forming the module's support planes 
• Prepare the sewerage system 
• Prepare the water network (hot water and cold water) 
• Setting up the power grid 

o Preparing the meta-project 

• Preparation of the analytical phase of the meta-project 
• Preparation of the conceptual phase of the meta-project 

• Basic Equipment 

o Equipment for Bathroom 

• wc 
• washbasin 
• 70x80 shower 
• mini-shower for toilet (instead of the bidet) 

o Kitchen equipment 

• sink 
• refrigerator 
• hob  
• gas cylinder predisposition / induction hob 

o Air conditioning equipment 

• 1 Split for each module 
• external electric heat pump predisposed one for each module 

• Constructive Specifications 

o Structure 

• Base platform made of steel tubes positioned on the outer perimeter and transversely according to the 
light  
• Wooden frames made of pre-assembled sandwich panels in the factory (common dimensions 2,44 x 
1,22) using 8 cm x 8 cm uprights 
• Maximum 2 floors available for frame structure, with sandwich panels 
• If implemented in Xlam 3d modules, it is possible to create multiple planes 

o Windows 
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• PVC windows in single or double, prefabricated in panelled sandwich panel and already completed on 
site 

o Envelope insulation 

 EXTERIOR WALL - sandwich panels assembled as follows: 

• External lining in wood slats 
• Wood shutters for ventilated facade 
• 1.5 cm OSB 
• 5 cm XPS 
• 1.5cm OSB (or plasterboard) 
•Internal countertop with OSB closure or plasterboard for switching installations (optional) 

ROOF - sandwich panels assembled as follows: 

• Dual-layer of waterproof case 
• 1.5 cm OSB 
• 5 cm XPS  
• 1.5 cm OSB 
• Internal countertop with OSB closure or plasterboard for switching installations (optional) 

ATTIC - sandwich panels assembled as follows: 

• 1.5 cm OSB 
• 5 cm XPS 
• 1.5 cm OSB 
• floor laying slats 
• laminate with male-female engagement system 

• Energy self-sufficiency 

o Measures 

• Each module must be as stand-alone as possible with respect to the other modules  
• Each module must be positioned at the pre-set drainage (with the help of a plumber-electrician) 
Any additional plant equipment 
• In the case of higher budgets, it is possible to provide housing modules for: 
Photovoltaic panels - with accumulator battery and network connection  
Solar Thermal Panels - with boiler equipped with hot water storage 
 

For the USERS sector were considered the following items: 

• Self-construction 

o User completion 

• User training for assembly (or patent course, if applicable) 
• Simple parts assembly with assembly manual (interior finishing, installation of externally installed 
services, placement of removable lightweight internal partitions, prefabricated, prefabricated floor 
laying) 
• Interior furnishing assembly 
 

For the TIME sector were considered the following items: 

• Assembly and production times 

o Customized project 

• 3 TOTAL MONTHS:  

• 2 months for factory design and pre-assembly 
• 1 month for assembly and preparation of the area       

o Large scale production 

• 1 MONTH AND WEEK:  
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• 1 month for area preparation 

• 4 days for assembly (single module) 

o Big scale production  

• HYPOTHESIS PRODUCTION 10 MODULES (variable because it depends on the number of modules 

to be made and by the workers involved in the assembly) 

                   • about 1.5 months to produce the modules 
                   • about 2 weeks for assembly (complete with furniture) 

For the COST sector were considered the following items: 

• Hypothesis Costs of achievement essential module 

o Hypothetic cost/ m²  

• ALMOST 700 euro/m² - including the items listed below (about 15% more if made with X-lam) 

o Cost percentage detail 

• Furnishing (kitchen, sanitary, beds, wardrobes, chairs, table, shelving, couch) bath included = 10% of 
the total 
• Interspace systems = 12% of the total 
• Frame of the whole casing = 24% of the total 
• External and internal lining = 16% of the total 
• Interior and exterior doors = 14% of the total 
• Finishes (including painting and flooring) = 6% of the total 
• Pre-assembly and mounting on site = 7.2% of total (divided into 3.6% for pre-assembling and 3.6% for 
assembly of which about 1.8% for furniture) 
• Basic platform = 4.8% of total 
• Transport = 1.2% - 2.4% of the total (variable according to the number of loads and transports. In this 
case, only 1 load is considered) 
• Planned area setting = 10% (in addition to the total) 
• Possible outer plateau = 8% (in addition to the total)  
• Possible predisposition of the plant in the area (water + electricity) = about 3000 euros for each 
housing module (in addition to the total) 

o Hypothetic additional equipment 

• Thermal solar incidence = Approx. 2,000 euro / module (including storage boiler + 2 panels for a total 
of 4 sq m) 
• Increased insulating thickness and resulting structure = approx. 2 euros per cm in thickness 
• Double glazing incidence = about 20% more on the cost of the single-necked bundle 

• Any cost reduction for completion in self-construction 

o OPTION 1: Produces and assembles the entire company 

• Existing layout on the area (formerly made by the Municipality) 
• total enclosure outer enclosure (roof, walls, walk-in soleplate) 
• joints already inserted into the sandwich 
• basic equipment (bathroom block, kitchen, split heat pump) 
• all electrical and hydraulic predispositions (including lighting fixtures) 
• furniture supply: only kitchen lock, bathroom sanitary, bed, wardrobe, accessories  
• complete fitting 

o OPTION 2: the company produces only a few items - completion in self-construction 

• Presence already on the area 
• total enclosure outer enclosure (roof, walls, walk-in soleplate) 
• joints already inserted into the sandwich 
• basic equipment (bathroom block, kitchen, split heat pump) 
• all electrical and hydraulic predispositions (only those inside the cavity). 

o % ASSEMBLY OPTION 2: cost of complete kit option 2, without assembly 
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• total enclosure outer enclosure (roof, walls, walk-in soleplate) 
• joints already inserted into the sandwich 
• basic equipment (bathroom block, kitchen, split heat pump) 
 
 

• all electrical and hydraulic predispositions (only those inside the cavity). 

o INDIVIDUAL ITEM COST FOR HOME EVOLUTION 

• 1 sandwich panel (with stratigraphy indicated and complete with clamping system) common 
dimensions 2,44 x 1,22 = approx. 40 euro / sqm already complete with uprights 
• self-supporting staircase block width 80 cm and exceeding a height difference of 2.70 cm = about 1100 
euros 
• One common floor deck sandwich module 2,44 x 1,22 = approx. 40 euros / sqm already complete with 
uprights 
• A common sandwich roof module 2,44 x 1,22 = approx. 20 euros / sq 
• Module stakes in mq = 20-30 euro / sqm 

Finally, having worked out a cost of approximately 780 EURO m² for the essential module (option 1), the user's participation 

in self-construction completion (for personal furnishing, for painting and floor laying, for the furniture fitting) can decrease 

this figure by about 18%, thus costing around 641 Euros (Option 2). 

It is also hypothesized the option that reduces the total of "Option 2" by a further 10%, with the involvement of the 

manufacturing company only in the production of complete kit for modules realization, which is totally assembled by the 

final user, made expert through training courses and provision of an instruction manual. 

Lastly, is shown the hypothetic cost of single modules (such as the one of the self-supporting staircase required for the 

elevation), equal to those used for the primary housing and buyable by users for the possible subsequent evolution of the 

home. 

4. Conclusions 

After the application of this complex methodology, in conclusion the main objective of this study was to collect information 

from the above-mentioned contexts and try to translate it into typical characteristics for an essential housing solution, 

applicable in urban contexts in order to promote resilience processes, as a variable of sustainable development. 

So, having chosen a meta-design reference, this research has defined, as final product, a box of sheets, structured like a 

guidance manual to support administrators, designers and urban planners involved in the process of adaptation of cities to 

resilient processes.  

In specific way, this research has extracted, from the analysis about dimensional-typological-systems aspects of Case 

Studies, the main features useful to suggest the definition of essential requirements. 

Furthermore, this essential requirements were included in the “Technical Sheets for Planning” capable of covering a segment 

of housing response that has been neglected by standard planning procedures until today. Indeed, in order to stop working 

with emergency procedures that do not solve the problem at its source but try to temporary stem its effects, this framework 

of sheets aims to work as a guidance and a tool for advance planning targeting all the players involved in resilience-oriented 

planning processes. 

The final purpose is to consider a planning process that, due to the limited economic resources and the tight deadlines 

imposed to public administrations for guaranteeing an immediate response, must necessarily take into account the derogation 

from standards and the wish that the Italian players become aware of the fact that derogating from an obsolete standard of 

1970s does not absolutely mean breaching human rights and the guarantee of a liveable and comfortable space. 

Considering the architecture and technology as “places of connection” between different disciplines embracing technological 

as well as distribution aspects, those related to energy and waste reduction and LCA optimisation etc., as a possible outcome 
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and future prospect of this research is desirable that in the future we will broaden the concept of resilience and the classes of 

requirements for the housing system, starting from the traces of resilience already present in the essence of architecture, and 

define a “technological resilience” (Montella and Tonelli, 2016) codified by the very buildings requirements and aimed at 

ensuring that architectural planning contributes to supporting the resilience strategy in a clear, direct and measurable (Lisa et 

al., 2015) way.  

In conclusion only a measurable result can be considered as the possibility to certify the real project efficiency, the real 

possibility to promote a measurable sustainable development, and also the possibility of generalize the results in other 

contexts and, focusing on the changing cities dimensions (Montella and Tonelli, 2017) prevent the disruption caused by a 

non-resilient design. 
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Abstract 

Pressure is growing on academics to produce directly applicable solutions for overcoming daunting world problems such as 

poverty, climate change, and environmental degradation. This paper proposes a triple-pronged training, consulting, and 

research methodology, addressed to improving the competitive and environmental performance of the Latin America’s 

small- and medium-size firms (SME). Overall objectives sought from the methodology span: a) impacting organizations in a 

vulnerable social, economic and environmental context; b) building a database capable of supporting scientific and 

practitioner-oriented impact assessment; and c) strengthening capacity and funding for undertaking academic research. The 

paper contributes to knowledge by identifying the advantages of deploying the triple-pronged research methodology, and 

describing the critical resources needed for its development – thus representing a reference for both scientists and non-

scientific actors for advancing problem-centred research.  

 

Keywords: cleaner production methodology, cleaner production research, cleaner production consultancy 

 

1. Introduction  

Among other research centres, management schools play a special role in the development of emerging markets (GBSN, 

2013). Societal challenges related to improving quality of life require multidisciplinary thinking, pragmatic decision-making 

and leadership (Banerjee, 2015). As an interdisciplinary field, management focuses on organizations and governance 

structures to render them essential mechanisms for advancing change in organizations and societal systems. Management 

schools are equipped to prepare decision makers, generate knowledge on decision-making for change, and advise 

organizations and institutions (Coronado et al., 2015). 

Problem-centred research lies at the heart of management schools as it integrates academic knowledge and practical skills by 

developing knowledge about wise decision-making and appropriate action (Cooper and Schindler, 2006). Moreover, it 

enhances attitudes and sensitivities of both managers and students in leading appropriate changes in organizations (Brownell 

and Jameson, 2004). The approach uses a prototypical, real-world problem as the focus for research, generating empirical 

data and bases for solutions.  

Building capacity for undertaking problem-centred research represents an urgent need in developing countries, beset by 

growing population, fragile institutions, rigid power structures, skills shortages, and few adequately staffed academic and 

research centres capable of providing applicable solutions to societal issues. At least three challenges stand in the way of 

wider use of problem-centred research in Latin America’s emerging markets.  
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First, a paucity of academic and research institutions staffed with skilled professionals. Social and economic conditions 

prevailing in these countries reduces the availability of academic and research institutions, let alone skilled professionals, 

qualified to undertake problem-centred research – thus representing a dual challenge to wider use of such research methods. 

Second, scant attention to major societal issues on the part of academics who contribute to learned journals. Latin American 

economics and management schools are currently experiencing strong expansion, each employing a corps of faculty 

members who regularly contribute papers to international journals; however, published studies tend to focus on operations 

research, general management, and entrepreneurship (Coronado et al., 2015; Orozco and Villaveces, 2015). Seldom does 

their research offer solutions to major societal issues confronting emerging economies. Indeed, it could be ventured that 

these papers often lack relevance to management practice in their home countries (Sandberg and Tsoukas, 2011). 

A third challenge to undertaking problem-centred research in Latin America’s emerging markets is lack of funding. 

Investment in R&D in Latin America grew from an average of 0.5% of gross domestic product (GDP) in 2004 to 0.63% in 

2009, while in OECD countries it grew from 2.2% to 2.4% during the same period (OECD Observer, Feb. 2018). Only 

Brazil spends on R&D as much as 1.2% of GDP; all other countries spend less than Greece, the OECD country where R&D 

outlays are lowest (ECLAC, 2015). The region’s low spending on research is related to its level of spending on public 

education, the poor quality of which accounts for a shortage of skills: a firm in Latin America is three times more likely than 

a firm in South Asia to face operational problems due to an insufficient pool of skilled labour, and 13 times more likely than 

a firm in the Asia-Pacific Rim (Ibid: 15). In sum, few support sources are on hand for Latin American management schools 

and other study centres to undertake research of any kind. 

In light of the aforementioned challenges to undertaking problem-centred research in Latin America, we pose the following 

three research questions: 

1. How can consultancy addressed to urgent problems contribute to academic research in emerging markets, and vice 

versa? 

2. How can academic research contribute to capacity building in addressing urgent societal issues? 

3. How can capacity building contribute to consultancy services addressed to urgent problems? 

We draw on the experience of the Sustainable Enterprise Network (RedES), as our case of analysis. From its start in 2005 to 

the present, RedES is conceived as a research laboratory (Van Hoof, 2013). Societal impact over the last decade is 

significant: research published in academic journals, managers of thousands of firms trained, and countless students and 

executive education participants exposed to RedES outcomes.  

Following the present introduction, this paper is structured as follows. Section two provides an overview of problem-centred 

research methods as part of the conceptual framework of analysis. Section three describes the experience of applying the 

triple-pronged research methodology to Red-ES and provides an assessment of impact on each of three dimensions: capacity 

building, consultancy services, and academic research. Section four discusses the broader implications of the triple-pronged 

research methodology in the context of academic management research in emerging markets. Section five concludes.  

 

2. Problem-centred research methods for generating impact 

This section describes the conceptual framework of this study by reviewing problem-centred research methods, pointing out 

challenges for generating academic and societal impact using the approach.  

2.1       Problem-centred research methods 

Problem-based research is driven by challenging, open-ended problems (Brownell and Jameson, 2004); participants work in 

small collaborative groups, and teachers act as learning “facilitators”, capitalizing on synergies among cognitive, affective, 
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and behavioural learning: how to implement plans, lead teams, resolve conflict, persuade others, and communicate with 

multiple constituencies. A number of methods have been developed for undertaking problem-centred research, used either 

separately or in combination. These include action research, abductive research, consultancy, problem-based learning, and 

learning-by-doing. Following is a brief description of each of these widely used methods. 

Action research involves actively participating in the search for a solution to a particular problem, undertaken in teams or 

workshops, assisted or guided by professional researchers (Reason and Bradbury, 2001). The idea is to fully involve 

participants as co-researchers. 

Abductive research entails the search for suitable theories to identify an empirical observation through “theory matching” 

or “systematic combining” (Dubois and Gadde, 2002). In this process, data collection and theory building take place 

simultaneously, which implies a learning loop (van Hoof, 2013). 

Consultancy is a professional service that supports decision-making in organizations by providing an external perspective; 

consultants furnish information, specialized skills and strategic tools that drive innovation and change in organizations, thus 

creating value (Kubr, 2002). Ordinarily, a professional consultant directs the process in a single firm; but the method can be 

applied with groups of firms or organizations in workshops (Gomez et al., forthcoming in 2018).  

Problem-based learning is a teaching method whereby participants examine and define a problem, explore what they know 

about underlying issues relating to it, determine what they need to learn and where they can acquire the information and 

tools necessary to solve the problem, and report on their findings (Cornell University, 2012).  

Learning by doing establishes that learning should be relevant and practical, not just passive and theoretical (Dewey, 

1938). In a workshop setting focused on environmental performance in manufacturing plants, for example, participants 

drawn from several firms may be shown tools such as eco-maps, and required to apply them to a particular process by 

measuring the cost of waste generated in operations.  

Each of the aforementioned methods for undertaking research may be deployed to focus on a particular issue, requiring 

participants to actively define the problem and search for solutions by combining theory and practice. Accordingly, use of 

problem-centred methods hold the potential for appropriately led participants to work together in searching for, identifying, 

and applying potential solutions to major societal issues.  

Unfortunately, most emerging markets in the region lack capacity for undertaking problem-centred research, as illustrated by 

the challenges cited. These challenges led to the design of a triple-pronged methodology as described below. 

2.2 Challenges for management academics in emerging markets 

Management academics regularly submit papers to learned journals, where new knowledge is shared and disseminated 

globally. Papers are assessed by means of blind review, and if published in indexed journals are presumed to contribute to 

knowledge. The quality of the paper may be judged by the journal’s impact factor and number of citations by other scholars. 

Papers with a large number of citations published in a high impact journal are thus considered relevant to knowledge 

generation.  

Leading management schools in emerging markets are accredited by global agencies such as AACSB, EQUIS and AMBA 

(Urgel, 2007; Miles et al., 2010). Research-related criteria for accreditation include number of full-time faculty holding the 

Ph.D. or equivalent, articles published in high quality academic journals as mentioned earlier, and impact on the local 

business community and public agencies. Additionally, the Global Business School Network (GBSN) fosters quality, locally 

relevant management education for the developing world, promotes building capacity among business schools, and advances 

management education’s impact on development efforts (GBSN, 2013). 
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In Latin America, few management schools publish articles in ranking academic journals (Coronado et al., 2015). Those in 

Chile, Brazil, Mexico and Argentina publish a significant number of articles; a few top-ranked schools in Colombia, Peru 

and Venezuela also publish in leading journals. 

Published research that is relevant to its context, such as papers that bear on major societal issues, are more likely to impact 

organizations and lead to changes in business practices. Nonetheless, such research must be communicated via practitioner-

oriented media and consultancy services. Papers reporting a change in business practices by a large number of organizations 

in one or more countries reveal cognitive, affective and behavioural impact. This factor is increasingly being taken into 

consideration by global accreditation agencies, in keeping with growing world concern over experiential-based learning and 

rethinking the MBA (Datar et al., 2011).  

In sum, academic impact is measured by contributions to knowledge, as gauged by the number of articles and citations 

appearing in high-quality journals. Additional academic impact emerges from number of courses, students, and executive 

education participants exposed to such knowledge. Societal impact may be estimated by changes in business practices or 

technology by a significant number of organizations and evidence of influence over public policy.  

For Universities operating in an emerging market context meeting international standards for both generating high academic 

and social impact is a challenge mainly due a lack of access for resources over a significant time span. This challenge 

underpins the research questions of this study and oriented the selection of the RedES case as object of inquiry.   

 

3 RedES: a triple-pronged methodology using problem-centred research 

This section describes the experience of a problem-centred research programme focused on dissemination of environmental 

sustainability practices in small and medium-sized firms (SME) and large enterprises in Colombia and Mexico. The 

experience described provides empirical information for the proposed triple-pronged methodology using problem-based 

research.  

3.1 How the RedES experience evolved 

The Sustainable Enterprise Network (RedES, in Spanish) was developed at Universidad de los Andes School of 

Management (UASM) to craft a scalable approach for a triple-pronged programme combining teaching, consultancy and 

research, addressed to improving the competitive and environmental performance of SME in Latin America. The 

methodology was first applied in Mexico and later in Colombia. 

In Mexico, the Commission for Environmental Cooperation, an agency of the North American Free Trade Association 

(NAFTA), concerned over growing pollution generated by industrial output, launched the RedES methodology as the 

Environmental Leadership for Competitiveness Programme (PLAC) in the Federal District and state of Queretaro; In 2009, 

the Secretary of Environment and Natural Resources (SEMARNAT) and the Federal Attorney for Environment 

(PROFEPA), expanded the program nationally, enlisting over 6,000 companies by 2015, assisted by 25 service centres in 23 

states (Van Hoof et al., 2018).  

In Colombia, the Cundinamarca Regional Environmental Authority (CAR) launched a similar effort in 2013 that is ongoing. 

The CAR-led initiative, assisted by UASM and four other university-based service centres, enlisted some 335 companies.  

Also, the Cucuta Chamber of Commerce, in northeast Colombia, brought in a group of 20 firms (Van Hoof et al., 2018). 

Additional efforts to scale the RedES methodology elsewhere in Colombia are under way. Figure 1 shows how application 

of the RedES methodology expanded from its start in 2005. The red line shows the growth in participation of Mexican firms 

in the RedES programme. The blue line shows this information for Colombia.  
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Figure 1. Expanding application of RedES methodology, 2015-2018. 

 

3.2 Responding to market needs 

The RedES methodology was developed as an innovative approach to address the needs of institutions and firms interested 

in improving SME environmental and competitive performance. The value proposition to shape the RedES business model 

and attract a variety of stakeholders required accommodating environmental authorities, large firms, SME suppliers, and 

universities and business development centres interested in strengthening SME.  

Throughout the world, SME are seen as cornerstones for regional development (Blackman, 2006). In Latin America as in 

other emerging markets, these firms represent as many as 99% of the region’s business units (Andriani, et al. 2003); they 

generate 60% of employment, and produce over 30% of environmental emissions (van Hoof and Gomez, 2015). Most of 

these firms are unaware of the environmental damage they incur, or consider that avoiding contamination would require 

investment outlays beyond their reach; a study of 1,300 SME in eight of the region’s countries found that only 30% 

undertook environmental protection (Vives et al., 2005). Low SME productivity has been cited as a reason for the region’s 

lagging economic growth and relatively small presence in global supply chains (OECD, 2016; Lederman, 2014). 

In Mexico, first the CEC, and later SEMARNAT and PROFEPA, as Federal environmental institutions, searched for a cost-

effective, scalable approach to improve SME environmental performance. Earlier efforts to disseminate environmental 

practices in Mexico and other countries had shown disappointing results, as noted by Baas (2006), Stone, (2006a and 

2006b), Dieleman (2007), Van Hoof (2013), and Sakr and Sena (2017). Explanations in literature identified lack of capacity, 

lack of institutional pressures, lack of funding and other reasons for the limited uptake of environmental practices in SME.  

In Colombia, CAR faced similar challenges. The CAR mandate to advance environmental management in its regional 

jurisdiction was guided by the National Policy on Sustainable Production and Consumption, launched in 2010 (Ministry of 

the Environment, 2010). This policy proposed the use of preventive strategies such as cleaner production for enhancing 
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environmental performance. Network approaches, such as sustainable supply, were suggested to generate innovation in 

operational processes by a critical mass of firms.  

Improving resource efficiency by disseminating the benefits of cleaner production, including financial return, has also been 

recommended (Luken et al., 2016). The RedES methodology proposed to disseminate cleaner production practices by 

building capacity among groups of firms linked by a supply chain. RedES promised firms tangible financial and 

environmental benefits resulting for cleaner production projects, guaranteed capacity building and enhanced client-supplier 

relations as part of sustainable supply management.     

For service centres, a role played by universities, consultancy firms and business development centres, the RedES 

methodology offered an innovative approach to advance their respective mandates to improve SME productivity and 

competitiveness. RedES proposed to train experienced consultants and academics to become multipliers of the methodology, 

strengthen their outreach to business practice, obtain remuneration for services and enhance their standing in business 

development.  

Tangible outcomes of how RedES responds to market needs include benefits obtained by the 7,260 participating companies 

in Mexico and 355 in Colombia (Van Hoof et al., 2018); as of February 2018, all these companies had formulated cleaner 

production projects with significant economic, environmental, and social benefits. In Colombia, economic benefits are 

estimated at USD 12 million, with an average payback period of 14 months; environmental benefits include 1,500,000 m3 in 

water savings, 13,000,000 kWh in energy, and 29,000 tons of waste reduction, with an estimated 67,000 tonne annual curb 

of greenhouse gases. According to follow-up surveys, about 60% of cleaner production projects proposed were actually 

implemented and 40% of SME developed an additional project, thus showing organizational learning for sustainability 

transformation. 

In short, the RedES business model proved viable. Financial resources were generated for programme operation and scaling 

the number of participating firms. From 2005 to 2017, RedES funding for workshop facilitators, database developers, 

consulting for participating firms and overall leadership, in both Mexico and Colombia, totalled approximately USD 6 

million – less than 10% of the USD 65 million in economic benefits obtained by participating SME.1 

Figure 2 shows the role played by each RedES stakeholder in applying the model’s “win-win” methodology, and the benefits 

each stands to obtain. 

 

																																																								
1 Represents net present value of projected improvements for implementing projects. 
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Figure 2. RedES stakeholders: role played and benefits obtained. 

   

3.3 Consultancy for addressing organizational change 

Capacity building is crucial for applying RedES’ aim to generate tangible benefits and organizational change in and among 

firms. The RedES rationale draws on Baas (2006) and Stone (2006a, 2006b), who showed that cleaner production 

dissemination occurs when firms recognize obtainable benefits, strengthen their organizational capacities to develop 

innovative projects, and empower staff to undertake actions. Capacity building stems from learning-by-doing: consultants 

guide SME managers and staff to apply cleaner production tools in designing their respective projects.  

Building on Lam (2000) and Senge et al. (1994), RedES developed an “embedded change” model: for change to happen, 

capacity building must materialize at different levels, from individuals to organizations and systems (Lam, 2000). Alignment 

at each level is necessary to achieve a virtuous cycle for change (Senge et al., 1994). The RedES model employs cleaner 

production as a strategy for triggering change in firms. Financial and environmental benefits are presumed to be the main 

drivers of change at the organizational level. Learning by doing is used for training and empowering SME managers and 

staff in cleaner production project design and implementation. Supply chains align strategic interests among network 

partners to advance cleaner production within their respective organization. The exchange of experience strengthens capacity 

building and contributes to foster collaboration by building social capital among firms.  

To scale the application of RedES, a “train-the-trainer” method is deployed. Service centres with SME consultancy 

experience are invited to join RedES as multipliers of the methodology, serving first as brokers to enlist anchor firms 

together with their SME suppliers, and subsequently as workshop facilitators and project design and implementation 

consultants. Those selected are first trained in developing the RedES capacity-building cycle, comprised of 10 three-hour 

workshops, where participants are taught cleaner production tools and project design procedure. Once trainees are certified 

as facilitators, they undertake site visits to each of 10-15 supply chain firms to assist in project adjustment and 

implementation.  
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RedES features strategies for measuring and disseminating outcomes to the general public at a yearly event attended by the 

press. Yardsticks to convert technical environmental indicators into commonly understood terms for measuring societal 

impact include expressing water and energy savings as equivalents to consumption levels by number of households, and CO2 

reductions in terms of withdrawing a given number of vehicles from circulation. Additionally, organizational learning is 

measured by the extent cleaner production projects are implemented by firms.  

Anchor firms and SME supply chain groups are granted participation certificates. Table 1 describes the teaching-consultancy 

method developed to apply the RedES methodology and enable scaling. Mechanisms for inducing change and indicators to 

gauge learning and impact are determined at the individual, organizational and system levels, including follow-up post-

workshop cleaner project formulation. 

Table 1. RedES’ change mechanisms and learning indicators. 

Level of analysis Mechanisms  Tools Indicators 

Individual (SME 
managers & staff) 

• Capacity building - 
learning by doing  

• Ecomaps 

• Eco-balance 

• Inefficiency costs 

• % workshop attendance 

• No. CP projects designed 

Organization (SME 
suppliers) 

• Strategy of change – 
decision making  

• Cleaner production • % CP projects implemented 

• Economic benefits 

• Environmental benefits 

System (supply chain 
networking) 

• Building supply chain 
social capital  

• Collaborative 
workshops 

• No. collaborative projects 

 

3.4 Academic problem-based research 

From its start, RedES was conceived as problem-based research on SME cleaner production in emerging markets. This goal 

was triggered by the vision and experience of UASM scholars in turning SME into development drivers (Van Hoof & 

Gomez, 2015). Years of experience in SME management consultancy foretold initial assumptions for developing RedES’ 

methodology.   

Initial research centred on the study of differential SME performance in adopting environmental management practices in 

emerging markets. Subsequent studies include fields or sub-fields of management literature: organizational learning, 

collaboration, governance structures, sustainable supply, social and environmental impact, and industrial ecology. In these 

fields and sub-fields, academic research on SME in emerging markets is sparse (Van Hoof, 2013; Blackman, 2006); hence 

there is ample opportunity for academic publications.  

RedES research draws on databases that allow for both quantitative and qualitative research. A rich stockpile of multi-

dimensional data features technical, organizational and longitudinal information supplied by anchor firms, SME suppliers, 

cooperating universities and environmental agencies in Mexico and Colombia. To build the database, diverse enquiries and 

research protocols have been developed and the RedES team has become knowledgeable in maintaining the database, a key 

resource for academic research.  

The RedES database is available for developing academic research papers and practitioner-oriented publications in such 

fields as industrial ecology, supply-chain management, cleaner production, organizational dynamics and network 

collaboration. Information assembled includes the number of firms that voluntarily participated in the experience, 
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perceptions gleaned by researchers and facilitators directing the programme over the years, measurements of individual and 

organizational learning, and changes made in business practices and technology. 

Since 2007, RedES has contributed to problem-based learning. Publications based on the RedES experience span five 

articles in peer-reviewed academic journals, five additional articles submitted for review, one doctoral thesis, three books 

directed to practitioners, and numerous articles in trade and business periodicals.  More than 6,000 SME managers and staff 

in Mexico and Colombia have earned a certificate for 60 hours of workshop participation. Hundreds of UASM students 

enrolled in five graduate and undergraduate courses have been exposed to RedES publications on methodology and 

outcomes. Hundreds of other students and Executive Education participants at schools in Mexico, Colombia and Peru have 

been similarly exposed. Table 2 describes the academic impact of the RedES experience. 

Table 2. Academic impact made by the RedES experience. 

Category Product Number 

Publications - Peer review articles 

- Books 

- Book chapter 

- PhD thesis 

- Master thesis 

- Working papers 

5 

3 

1 

1 

1 

10 

Research capacity - Certified facilitators 

- Research assistants 

- Post-doctoral researcher 

- PhD students 

25 

5 

1 

1 

Training - Executive education participants 

- Undergraduate students 

- Graduate students 

8,000 

330 

550 

 

4 Discussion 

The proposed triple-pronged methodology mirrors the “trinity” approach cited by Harvard Business School Professor James 

Austin (2017) to maximize academic impact. A decade of Social Enterprise Knowledge Network (SEKN) research in Ibero-

America showed how academic research and societal impact go hand in hand. Developing research teams that combine 

teaching, consulting and research activities optimizes use of a scarce resource in emerging markets, i.e., skilled talent 

available at management schools and other research institutions. This section responds to the three questions posed to guide 

this research. The RedES experience is used as empirical evidence to extract knowledge. 

4.1.  Consultancy addressed to urgent problems contributing to academic research in emerging markets  

The RedES experience shows how consultancy service contributes to academic research by a) developing indicators and 

building empirical evidence useful for both quantitative and qualitative analysis, and b) identifying issues relevant for 

crafting management knowledge. Requirements for such consultancy service include: 

Consultancy service must be based on consistent methodology in order to ensure quality and significant empirical inputs for 

the database. The RedES methodology illustrates, for example, how the cleaner production learning by doing approach is 

maintained over time assuring information generation over time and allowing longitudinal and geographical enquiry. 
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Similarly, growth in the number of RedES’ participating firms allows examining over 7.000 data-points for Mexico and 

over 300 data-points for Colombia as shown in figure 1.       

Consultancy service must be scalable and transferable for both data-base building and individual and organizational learning 

as the basis for research development. RedES experience shows scale was attained, developing a growing number of service 

centres and facilitators trained to multiply the methodology and maintain consulting service quality. Moreover, the network 

of service centres, often operated by academic institutions, helped contribute to knowledge dissemination as a necessary 

component of academic research. 

Consultancy service must be offered in the context of a durable business model offering win-win outcomes for diverse 

stakeholders in order to align varying time spans for organizational decision making and research development. Budget 

allocations for RedES’ sustained consultancy materialized despite short term (8-12 month) contracts: research outcomes 

became feasible across countries over thirteen-year time span. Moreover, the durable RedES business model facilitated 

retaining consultants over time and strengthen consultant rapport with a growing number of firms, thus facilitating access to 

privileged information.    

Consultancy service team requires professionals with both consultancy and research skills. Building data-base entails 

assembling measuring a variety of variables and examining data for a growing number of firm over time. The RedES data-

base contains a variety of economic, environmental, and organizational measurements for participating SME, anchor firms, 

service centres, and individual managers. Moreover, data collection and database development are an inherent part of the 

consultancy team responsibilities.      

Consultancy service outcomes must focus on decision making in order to connect to worthwhile academic research in 

management. RedES decision making entailed strategic choices centred on cost-benefit, investment return, reputation, 

partnerships, and sustainable practices, all of which are relevant to management literature. Table 2 shows how research 

output nourished both management academic journals and practitioner oriented publications.  

4.2 Academic research contributing to capacity building in consultancy addressing urgent societal issues 

Academic research, as a basis for knowledge development, contributes to consultancy capacity building by improving 

methodology effectiveness, providing materials for training qualified consultants, legitimizing consultancy services and 

disseminating consultancy inputs to address societal issues. This type of research requires a) problem based methods 

addressing urgent societal issues, b) dissemination of research outcomes in both academic literature and practitioner oriented 

publications.  

The RedES experience fits the framework of the problem-centred research model presented in section 2 above by addressing 

the urgent societal need of improving SME business and environmental performance, classed as an open-ended problem 

(Brownell & Jameson, 2004). Moreover, RedES was developed in a triple helix setting (Yang et al., 2012) where SME 

managers work together in small collaborative groups, guided by facilitators, capitalizing on synergies from cognitive, 

affective, and behavioural learning in cleaner production; they design and implement projects, persuade others, and 

communicate with multiple constituencies the economic, environmental and organizational benefits achieved.  

Abductive research is employed to validate RedES’ conceptual management models analyzing organizational and inter-

organizational dynamics of companies, network groups, stakeholders and managers. Moreover, RedES’ long term time span 

qualifies as an action research project, whereby outcomes of quantitative or qualitative research feed consultant-led 

innovation in cleaner production project development.  

Dissemination of research outcomes both in academic journals and in practitioner oriented publications strengthen the 

reputation of the consultancy methodology adding transparency and rigor to the intervention mechanisms, and the added 

value of the service. RedES research has been published both in academic media by diverse authors form different 
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universities in Colombia, Mexico and United States. The involvement of diverse authors adds rigor and independency to the 

evaluation of the RedES model and contributes to the dissemination and triggers the demand of its consultancy services by 

companies, public institutions and universities. Both academic and practitioner oriented publications are instruments used as 

an important selling argument for the expansion of the RedES programme in Mexico and Colombia. Reputation and rigor is 

especially important in emerging market context were uncertainty is a main characteristic. 

4.3 Capacity building in cleaner production contributing to consultancy services addressed to urgent problems 

Capacity building in Cleaner Production is an approach that fits a broad range of companies and diverse value chains. 

Moreover, it attends urgent societal problems such as low productivity of SMEs and environmental contamination (Van 

Hoof et al., 2018). The Cleaner Production concept provides a clear focus for continuous improvement applicable in diverse 

companies transforming material and energy flows. CP offers specialized tools applied in a systematic manner for 

identifying improvement opportunity by using economic and environmental indicators. CP requires managerial decision 

making for developing and implementing CP projects. For CP to meet its promise, both technical and administrative 

managers need to understand its mechanisms and potential benefits in order decide on its implementation of innovative 

practices and technologies.   

As proposed by the RedES methodology, problem based learning is recognized as an effective methodology supporting 

consultancy services combining several problem-centred capacity building methods in cleaner production: a train-the-trainer 

approach is employed to apply and scale the methodology; problem-based learning exercises are used in successive 

workshops to train participants in using eco-mapping, mass-balances and inefficiency cost-estimates; external consultants 

foster cleaner production knowledge exchange and collaboration among managers and staff representing different firms; 

cleaner production projects are designed by developing innovative adjustments to operational processes or technological 

improvements. Lastly, site visits by external consultant’s aid in project implementation.  

The integration of capacity building in CP as part of the consultancy methodology of RedES proved to be an effective 

mechanism for meeting stakeholders’ interests regarding implementation rates of CP projects (Sakr & Ado Sena, 2017; 

Dieleman, 2007).  Capacity building in CP through learning by doing, seems to influence organizational learning and 

managerial decision making required for CP development (Van Hoof, 2014).  

4.4 Triple pronged methodology 

The integration of the answers to the three research questions, proposes a comprehensive framework for a triple pronged 

methodology for ensuring impact in problem-centred research. The proposed framework is especially suited to management 

as an interdisciplinary field focused on decision-making for mobilizing change in organizations. The field includes a 

systemic perspective to understand “why” and “how” questions (Hoffman, 2003) that may apply to all kinds of 

organizations, including companies, public agencies, civil society organizations and business start-ups. As such, 

management knowledge is indispensable for solving societal problems.  

Problem-centred research as part of a management of change process facilitates generating knowledge founded on pragmatic 

thinking for problem solving (Brownell and Jameson, 2004). The problem-solving situation and process employed embody a 

laboratory setting and provide empirical evidence; the research lens enables management academics to draw lessons and 

build knowledge. In parallel, mounting feedback enriches empirical data and accelerates problem solving.  

The triple-pronged methodology requires long-term vision, both for identifying issues to be overcome in attaining a societal 

goal as well as designing the research project. As the RedES experience illustrated, urgent societal needs based on structural 

problems represent opportunity for financing value added and scalable consultancy services. Moreover, building databases 

for impact-generating academic research requires designing a consistent research process over time. RedES evolved over a 

12-year horizon. 
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The triple-pronged methodology requires capacity building and scaling from the start: networking to identify potential 

stakeholders; determine stakeholder needs and how to attain them; design workshop content and how to gauge learning 

effectiveness; build a coordination team capable of running the programme and undertaking follow-up; scout for service 

centres to multiply the methodology; prepare workshop and project facilitators by training the trainers; search out the first 

anchor firm and supply chain; and mount the programme.  

Once the programme is under way, the RedES experience shows how learning-by-doing stimulates empowerment among 

participating SME managers and staff, triggering motivation to apply newly learned cleaner production tools, design the first 

projects, and seek collaboration from fellow participants. As barriers to collaboration break down, trust is established and 

representatives of participating firms begin to discuss business practices and technology opportunities with each other, thus 

generating structures for collaborative action. 

Soon, barriers between stakeholders also break down. Opportunities are gleaned for collaboration between and among 

anchor firms, environmental regulators and anchor firms, cooperating universities and service centres, and even among 

environmental agencies. Academic institutions also find new ways to support the programme and encourage faculty 

colleagues to undertake collaborative research. 

Academic relevance hinges on access to high quality journals, use of rigorous research methods and solid empirical data 

(Wyatt, 2005). RedES’ academic relevance becomes evident once a database is robust enough to serve as a resource for 

preparing publications directed to both the academic community and practitioners. These can focus on any number of topics 

contributing to knowledge: impact made on the underlying societal issue of poor SME competitive and environmental 

performance; tensions between consultancy and research perspectives; and issues centred on research outcomes, such as 

factors governing inter-firm collaboration. Attention to these and other topics enhances the relevance of the methodology’s 

academic contributions. Figure 3 summarizes how problem-centred research supports the triple-pronged methodology. 

 

 

Figure 3. Triple pronged methodology for ensuring impact in problem-centred research 
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5 Conclusions 

This paper describes how researchers at a school of management developed a triple-pronged teaching-consultancy-research 

methodology to address a major societal problem in Latin America: poor SME competitive and environmental performance. 

Three research questions were responded: first, barriers to the use of problem-centred research in emerging markets were 

identified; and second, how academic research in emerging markets could be advanced. The study showed how academic 

research relevant to the local context could be generated even as the societal problem addressed was impacted. The proposed 

methodology entailed a literature review to identify problem centred research methods considered appropriate for the issue 

addressed, and how these methods served as the basis for developing economic, environmental, and knowledge-building 

indicators suited to assessing impact among participating actors and society at large. 

An obvious limitation of the study stems from its development by means of a single experience in two emerging markets. 

Nonetheless, the step-by-step learning process employed in the experience suggests that a similar approach may be deployed 

in tackling other societal issues in emerging markets elsewhere.    
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Abstract 

The rapid growth of cities in Latin America is challenging citizens and governments to ensure the sustainable and 

equitable development of its metropolis regarding urbanisation conditions, demographic transformation, climate, environment 

changes and social cohesion. The destruction of forests, pastures and wetlands related to changes or mismanagement of land 

use and the occupation of the urban area are diminishing the capacity of ecosystems to maintain carbon, water and biodiversity 

balances. The loss of nature combined with the low quality of urbanisation and the effects of climate change will have an 

increasingly negative impact on the viability of cities and its resilience. This scenario is evident in Rio de Janeiro metropolitan 

area, which is among the ten cities with the highest rate of water scarcity in the world. Considering this, the research in course 

aims to discuss and present a protocol for developing metropolitan projects that include urban, rural and natural areas and its 

dynamics, particularly emphasising the water system and its impact on the physical construction of the resilient metropolis. 

The research is developed through cooperation between universities and independent research centres in Italy and Brazil. It 

focuses on the city of Rio de Janeiro as a case study in the metropolitan scale and will develop a toolkit, based on the reading 

of the territory with the geographical, urban, architectural, economic, environmental, and public policy perspectives. It is also 

providing analysis, interpretation and projects tools for the municipal decision-makers that are co-dependents in the 

metropolitan system. The research has been identifying architecture and urban design methodology to conserve and restore 

the ecosystem profoundly impacted and connected to the urban dynamics, and essential for maintaining water supply and 

quality in the urban and metropolitan systems. The final result is expected to be replicable so that can be helpful to other cities 

in Latin America and beyond. 

 
Keywords: urban metabolism, rural urban linkage, metropolitan discipline 

 

1. Introduction  

In Latin America, the rapid growth of cities faces the challenge in ensuring a sustainable and equitable development of 

the metropolis. The project, through cooperation between universities and independent research centres in Italy and Brazil, 

will explore the city of Rio de Janeiro as a case study in the metropolitan scale, and develop a toolkit, based on the reading of 

the territory with the geographical, architectural, economic, environmental, and public policy perspectives. It will provide 

analysis, interpretation and projects tools for the municipal decision-makers. The end model will be replicable so that they can 

be exported to other cities in Latin America and beyond.  

In particular, the project in Tinguá aims to develop a protocol for defining a metropolitan project particularly 

emphasising the water system and its impact on the physical construction of the metropolitan city. We frame the Tinguá project 

starting with some questions. How to govern the voracity of soil of contemporary urban development? How is it possible to 
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guarantee and propose a total environmental quality, respecting the multiplicity of personal and collective interests? 1 How do 

we balance urban, rural and natural functions that coexist in the territory to achieve balance and resilience? We argue that it is 

necessary to consider the metabolic processes of the metropolis at the regional scale, to understand the complexity of the 

network of relationships that, thanks to technological progress, are modelling the soil in the era of the net-city. 2  

2. Methods 

The approach of urban metabolism3 considers the harmonious arrangement of landscapes in a single ecosystem4, in the 

décalage from the rural to the urban context5, in which to propose new design strategies for transformation, replacement or 

maintenance. The look at the territory is nourished by an ecological interest in environmental sustainability and resilience not 

tied exclusively to the balance between energy produced and expenditure, but to the integration over time and to the different 

scales of the rural and urban landscape6. 

The rediscovery of the agricultural landscape in the perspective of Landscape Urbanism7 refers to both: the design 

experiences that allow perception of the 1: 1 scale, as well as that of the flows8   (Adriaan Geuze / West 8 Landscape Architects, 

Eastern Scheldt Storm Surge Barrier, Zeeland, 1990). Nevertheless, today the Northern European functional experimental 

integration, according to the contemporary lifestyle, between intensive agricultural production and spaces dedicated to leisure, 

recreation and tourist activity (Ocean North - Menges, Post-Agriculture, 2007), seems to be one of the best solutions for 

reconceptualising the new metropolitan territories and achieve greater nature-city balance. However, we have to mention also 

the targeted recovery of topographic peculiarities identities, as in the case of Bari blades, - erosive furrows conforming the 

hydraulic structure of the city -, following the experience of projects of landscape architecture of overseas (Hargreaves 

Associates, Guadalupe River Park, San Jose, California, 1994). 

3. Discussion 

This approach experimented with the Doctorate of Architectural and Urban Design of the Milan Polytechnic on the Bari 

case9,  allows the rediscovery of the small infrastructure of the agricultural territory10,  of its relationship of beneficial 

reciprocity with the urban area, and its integration to the great transformations of a global nature. All that influences the identity 

and perception of the inhabitants, delineating strategies of metropolitan acupuncture chart through the skilful game of 

manipulation of a dense and stratified soil. 

In his essay, Notes Toward a History of Agrarian Urbanism, Waldheim argued that the categories of agrarian and urban 

are usually understood as distinct. Across many disciplines, and for centuries, the country and the city have been defined in 

opposition to one another. However, today, in striking contrast, design culture and discourse abound with claims for the 

potential for urban agriculture: fueling this trend,- Waldhem said-,  is rising public interest in food and its production and 

distribution in a globalised world. 

The Tinguá project presents a metropolitan vision, aiming at the improvement of the Practice of the Metropolitan 

Discipline with the new competence of shaping and re-shaping the metropolis with a strong focus on the linkage urban-rural 

                                                        
1 Lynch Kevin, Managing the Sense of a Region, MIT Press 1980 
2 Shane David Grahame, Recombinant Urbanism: Conceptual Modeling in Architecture, Urban Design and City Theory, Wiley, 2005 

3 D’Alfonso E., Contin A., Santamaria G., Real_Topia, progetto europeo 

4 Naveh Z., Lieberman A.S., Landscape Ecology. Theory and Application, Student Editing. Sprinter-Verlag, New York 1990 

5 Cozza C., Paradigmi per il progetto della città contemporanea, (tesi si Dottorato), rel. D'Alfonso E., Politecnico di Milano, Milano 2008 

6 Waldheim C., The landscape urbanism reader, Architectural Press, 2006 

7 Ibid. 

8 Choay F., Espacements. Figure di spazi urbani nel tempo, Skira, Milano, 2003 

9 Contin Antonella (a cura di),  Bari, studi per la metropoli, Alinea Editrice, Firenze 2005 
10 Viganò Paola, Territori della nuova modernità, Il Piano territoriale di Lecce, Electa Napoli 2001; Viganò Paola, La città elementare, Skira, Milano, 1999 
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aiming at defining an interdisciplinary approach, integrating various disciplinary knowledge, transversal management skills, 

dealing with the metropolitan complexity and fragmentation. It also intends to bridge the gap between the theory and practice 

by specifying the metropolitan needs and gaps in the practice and define the intellectual tools to overcome them. 

Promoting a smart Agro-food system in the fragmented Brazilian value chain means to rethink the water resources for 

an economically and environmentally strong landscape. This process requires not only innovative interpretation, analysis, tools 

and projects but also a strong vision that is multiscale and metropolitan-wide. An agricultural field is a complex system of the 

infrastructural network that has been embedded in the territory for centuries. With the population growth and rapid 

urbanisation, the critical issue of social inequality and environmental depletion need to be addressed in all aspects of our 

society and agro-food is one of the fundamental fields that could effectively contribute to the advancement of the current 

situation. 

The project aims at developing analytical and interpretative tools of mapping and modelling the agricultural territory 

with advanced technology to provide sustainable scenarios regarding the rapid social and environmental changes, while 

proposing spatial and organisational typology that could be easily adopted by the small and middle scale businesses to strongly 

link the rural productive businesses to the markets in metropolitan region. (Figure 1)  

 

Figure 1. Identifying informative level with Metropolitan Cartography tool 

Water is the underlying structure of territory, and it is fundamental in cultivating valleys. With extreme weather events 

fostered by the global climate change, local physical defences to prevent the damage seems impracticable. Resilient response 

requires attentive monitoring that is regional, holistic, and systematic. The management of water resource is not only technical 

but also cultural, social and political. Therefore, redefining the relationship between the rural and urban area is fundamental 

in building a functioning strong circular economic model that is sustainable mutually. Agricultural park in Europe as a legal 

and administrative entity with special protection and improvement and management plan is a compelling case to study how 

agricultural field coexists within the metropolitan region. The cooperation network with various agents holding a joint 

responsibility resulted in infrastructure efficiency, effective production, and environmental accountability. With is vicinity and 

accessibility to the city, the productive valleys also have a potential to become a new type of public space on the metropolitan 

scale.    
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A pilot project is essential to examine the tools, methodology and the model at the end of the project. A collaboration 

amongst higher education, NGO, local business, research institution and the local and metropolitan government will implement 

the process that enhances the value of Brazilian Organic agriculture. 

Project Site: 

We selected the project area in Tinguá neighbourhood north of the Nova Iguaçu city (sub-basins of Santo Antonio 

and the Douro).  We are dealing with linear cities, which have their head in Tinguá: a very small area "per sè", but we have to 

consider it within their linear city. Tinguá can be the Gate of the protected area, the National Reserve of Tinguá that is important 

as a water producer and provider of ecosystem services essential for water resilience, where ecotourism and agroecology have 

their potential. The idea is to work with all of the agents trying to establish a sustainable development plan or a project that 

values the natural and cultural capital of the linear city. In this case, we have to define which sustainable solution and urban 

design can value the critical natural capital for water resilience and which METROPOLITAN STRATEGY and metropolitan 

policy will be necessary to ensure the success of the projects. 

 

The project will focus on specific practices and topics of design: 

Applying science-based approaches to assess the compliance of the municipal land use plan with the ecosystem 

conservation and restoration model through new-built-form-types is the primary goal of the project.  

Rio de Janeiro current population is 6.4 million inhabitants, and it has a peak residential density of 42,300 people 

per km2. Percentage of the population under 20 is 26.5 percent. Daily water consumption is 301 litres per capita. Annual waste 

production is 525 kg per capita, and the built-up city area is 42.30 %. Despite having areas of low but closely packed buildings 

and some high-rise developments, Rio is relatively unique in showing consistent density levels across a vast metropolitan 

region. Rio de Janeiro shows high peak employment densities of 76,700 jobs per km2, reflecting expanding service sectors, 

but given their significant industrial base, the city has more dispersed spatial patterns of employment, which is spread across 

the broader metropolitan region. In preparation for the Olympic Games, Rio de Janeiro has undertaken the largest single 

investment in the history of the city's transportation network, centred on the construction of 159 km of Bus Rapid Transit 

(BRT) lines. As with any relatively dispersed city - Rio de Janeiro extends for over 60 kilometres in length - many areas remain 

ill-served by public transport, including some low-income neighbourhoods. 

The Municipality of Nova Iguaçu belongs to the Metropolitan Region of Rio de Janeiro, located to the northwest of 

the Rio de Janeiro City, distant of this about 28km and its territory has an area of 523,888km². In 2012, its population was 

estimated by the Brazilian Institute of Geography and Statistics (IBGE) in 807,492 inhabitants, of which 52% are women, 

being the fourth most populous of Rio de Janeiro and the 21st most of the country. 

Cities often lack the presence of nature to rely on for basic needs; ecosystems that surround the cities support these 

needs. While natural resources are used daily by the citizens, the origin of these resources is often out of sight, as the cities 

give priorities to other land uses. As a result, expanding infrastructure and production sites often overrun ecosystems. 

Water is one of the most essential components of the natural resources. The loss watersheds surrounding the cities 

is threatening the long-term availability of freshwater in the cities and the citizens. Climate change is exacerbating the situation 

by increasing the variability in rainfall, causing more frequent droughts and floods. 

The destruction of forests, grasslands and wetlands is undermining the ability of watersheds to hold the amount of 

and maintain the quality of water needed to support cities. This results in reduced water security for people in cities. Climate 

change amplifies the problem by causing increased frequency of extreme precipitation events - both longer periods without 

rain and more intense rainfall during rainy periods. Threats to water security put urban lives and economies at risk and increase 
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the potential for conflict. Unless reversed, the loss of nature combined with the effects of climate change will have a growing 

negative impact on lives and livelihoods in cities. 

Rio de Janeiro is already among the ten most water-stressed cities in the world. The combination of a growing 

population (albeit at slower rates than for cities on other continents) and climate change-caused decline in water availability 

mean that water demand will exceed water supply before 2050. Demand for water is growing, climate change is resulting in 

more frequent droughts in Latin America, and vital ecosystems for water provision (including those recharging critical 

aquifers) are being degraded or completely eliminated. For example, the primary watershed providing water to Rio de Janeiro 

has lost 38% of its forests, and the nearby connected watershed of Paraiba do Sul has lost 74% of its forest cover. Recent 

estimates suggest that replacing the hydrological service provided by the 'Water Forest' would cost US$30 billion over 26 

years and would significantly increase the carbon footprint of the city, its inhabitants and industries. 

 

Figure 2. Analysis of Blue, Green and Grey infrastructure in Rio de Janeiro 

 

Although grey infrastructure solutions can help contribute to water provision, for many cities in Latin America, it is 

more cost-effective to combine such approaches with ecosystem-based solutions including conservation and restoration of 

forests, grasslands, and wetlands to ensure continued water regulation, provision and quality, and collateral benefits such as 

flood prevention, climate mitigation and adaptation. (Figure 2) 

Goals 

1)  Use science-based approaches to identify ecosystems that make essential contributions to the water supply and quality in 

the metropolis 

2)  Identify causes of ecosystem loss and degradation, including the impact of urban sprawl, agricultural expansion, industrial 

activities, climate change and other major drivers 

3)  Identify architecture and urban design methodology to conserve and restore the ecosystems most essential for maintaining 

water supply and quality at the urban and metropolitan architectural scale 
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4. Conclusions 

The proposal of a metropolitan project in the neighbourhood of Tinguá involves a strategy of connecting the linear city 

to the greater metropolitan network. Urban agriculture not only has potential as a new business model for the local economy 

but also has a potential to help balance built urban space growth, its density and rapid expansion and green areas between the 

rapidly growing built urban space and the protected area. This vision can be realised through a new type of metropolitan 

centrality that provides not only the necessary infrastructure as a threshold between the local and the metropolitan scale but 

also the necessity facility for the maintenance of water quality and public space for the local population.  

Starting at the foot of the Reserva Biológica do Tinguá, the linear city connecting Tinguá neighbourhood to Nova Iguaçu 

depends on a single infrastructural connection. However, without a clear strategy and vision, the road only serves as an 

opportunity to disperse informal housing without services invading the protected nature. The methodology focuses on the 

interpretation of the geographical food and water system with the aim of ensuring sustainable use of these resources to enhance 

peripheral living conditions while discouraging the scattering of the built-up space in nature. With Metropolitan Cartography, 

it is possible to understand the ground structure of the agricultural field along the linear city by revealing the underlying 

groundwater network and channels. Linking the water and food systems to metropolitan informative levels allows the 

identification of existing landscape patterns. Once the local values are recognised through these patterns, the proposed solution 

will elaborate them into a newly developed economic system based on family agriculture with a specific location of 

intervention. The new-built-form-type as intervention provides complex layers of the physical, social, economic and cultural 

threshold. It is a logistical point where the local products are collected and distributed but also is located in a strategic point in 

the water system collect fresh water and purify sewage for the local and the metropolitan area. It serves as a cultural and 

technological centrality providing education and services to the local population.  

Another fundamental aim of the project is the recognition of family agriculture as a key figure in social and economic 

dynamics of rural areas.  The proposed strategy is based on a circular economy model that allows this informal agricultural 

economy to be integrated into the metropolitan system while acting as a buffer zone for the preservation of natural and social 

resources. Such model creates a circular economy based on a well-designed network of small but focused interventions. The 

continuum of the landscape follows the idea of hotspot, is that of an "incubator of possibilities" which works not only as an 

immediate response to specific needs on a local area, but also as a generator for value for the metropolitan scaleable to link 

rural and urban areas, implementing the system within its logic of valorisation of cultural identity. 
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Abstract 

Water, energy, land, and food resources are critical components in the overall discourse on sustainable human development. There 
is a consensus in the water-energy-land-food (WELF) nexus literature that the management and allocation of water, energy, land, 
and food resources at the community-level needs to be considered in a more systemic, multidisciplinary, and practical manner. This 
paper emphasizes that the nexus cannot be separated, modeled, and understood in isolation from the environment and the systems 
(social, infrastructure, economic, and environmental) with which it interacts. This paper explores the importance of context, scale, 
and boundary selection when developing hard system-based models of the nexus at the community-level. It also emphasizes the 
importance of accounting for community capacity and the level of community development to provide services across the four 
sectors of the nexus. Communities with higher levels of development can expect to have higher levels of services to start with when 
managing and allocating their resources. Finally, a simple system dynamics example is presented to illustrate how to link 
population, WELF resources, and community capacity. 

Keywords: WELF nexus, system dynamics, capacity 

 
1.      Introduction 

Food, energy, and water (FEW) resources are critical components in the overall discourse on human and sustainable development. 

Over the next 40-50 years, rapid population and global economic development will create unprecedented resource demands. By 

2050, global food demand is expected to grow by 60%, energy demand by 80%, and water demand by 55% (Ferroukhi et al., 2015). 

This growth will occur in an existing context of uneven and interconnected FEW resource scarcities.  

Food, energy, and water represent basic physiological human needs among many others. The traditional way of meeting these 

needs has been to design services in these three sectors in isolation (decoupled) regardless if one is interested in supply/demand, 

infrastructure planning/design, resource management/allocation, technology, and/or governance. More recently, an added emphasis 

has been placed on understanding the interdependencies that exist among the food, energy, and water sectors. It is now common 

practice in the development literature to read about “nexus thinking” and the FEW nexus, i.e., the interlinkage that exists among 

the three sectors. Addressing the nexus requires an integrated perspective that considers not only the characteristics of each sector 

of the nexus but also the characteristics of their intra- and inter-dependencies.  

It should be noted that the FEW nexus is not unique as it is one of the many interlinkages that are at play in human and sustainable 

development. To the three sectors of the FEW nexus, one could add health, soils, land, climate, transport, communication, state 

security, human rights, labor, trade, etc. For instance, land is sometimes associated with the FEW nexus, since land is important to 

produce food, energy, and water supply as well as other ecosystem services (Ringler et al., 2013; Weigelt et al., 2015; Müller et 

al., 2015; Hurni et al., 2015). The acronym WELF is used instead of FEW in the literature and in this paper when land is considered 

with water, energy, and food. Figure 1 shows a tetrahedron representation of the WELF nexus where each node corresponds to one 

sector of the nexus. A fifth node (defined as X) connected to the other nodes could be added at the centroid of the tetrahedron. It 

may correspond to climate or population.   
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Figure 1. The WELF nexus represented as a tetrahedron. The node X can represent 
climate or population.   

The debate around the importance of the FEW nexus in human and sustainable development started in the 1980s. Driven by a 

worldwide increase in food and energy prices from 2007-2012 (Allouche et al., 2015) and global challenges associated with climate 

change, rapid population growth, and urbanization, discussion around the FEW nexus gained momentum at the 2011 World 

Economic Forum with the publication of Global Risks 2011 (WEF, 2011) in which the FEW nexus was listed as one of three critical 

global risks. Another report titled Water Security: The Water-Food-Energy-Climate Nexus looked specifically at the role played 

by water in linking the other nexus sectors together (Waughray, 2011).  

Multiple conferences, workshops, and research initiatives (see reviews by Bizikova et al., 2013; Allouche et al., 2015; Leck et al., 

2015; Saundry, 2016) have emphasized the value proposition that - rather than considering water, energy, and food in isolation - a 

“nexus approach” is more appropriate to look at the management and allocation of water, energy, and food resources. The 2011 

Bonn conference also recommended that priorities should be placed on developing policy solutions toward “enhan[cing] water, 

energy and food security by increasing efficiency, reducing trade-offs, building synergies and improving governance across 

sectors” (Hoff, 2011).  

Since 2011, resource security, an integrated concept that encompasses the combined security of food, energy, water, and land 

resources, has become of major concern to decision makers in the private, public, and citizen sectors involved in development 

worldwide. Simply put, the challenge is how “to feed more people with [less] water, in a context of climate change and growing 

energy demand, while maintaining healthy ecosystems” (WBCSD, 2009). Key publications (among many others) that have helped 

shape the discussion around the FEW/WELF nexus include those of Bazilian et al. (2011), Bazilian (2014), Bizikova et al. (2013), 

Ringler et al. (2013), FAO (2014), Finley and Seiber, 2014; Hurni et al. (2015), Weigelt et al. (2015), Wakeford et al. (2015), Leck 

et al. (2015), Daher and Mohtar (2015), Bassel and Mohtar (2015), Keairns et al. (2016), Saundry (2016), and Braat et al. (2016).  

Several insights emerge from reviewing the FEW/WELF nexus literature:  

• The nexus needs to be modeled in an integrated (e.g. systemic) manner by considering (i) the water, energy, land, and 

food sectors and their supply chains (i.e., the sequence of activities from acquisition, production, and processing, 

distribution, consumption, to waste disposal); (ii) the links between the sectors and their supply chains; and (iii) the 

interaction of the nexus with social, natural, infrastructure, and economic systems. Simply put, the nexus cannot be 

separated, modeled, and understood in isolation from the environment and the systems with which it interacts.  
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• The needs for water, energy, land, and food are context and scale specific. Models of FEW/WELF resource management 

and resource allocation strategies cannot easily be transferred from one context to the next; for instance, from a rural to 

an urban context or from one climatic region to another. The same could be said about scale (Hoff, 2011). For example, 

Wakeford et al (2015) looked at how the nexus expresses itself and should be considered in three socio-economic and 

ecological regimes: agrarian (in Malawi); industrial (in South Africa); and ecological (in Cuba). 

• As noted by Sohofi et al. (2016), “the challenge remains as to how the interlinkages [synergy] between systems should 

be made explicitly” and modeled. This confusion explains, to a certain extent, how the FEW/WELF nexus has often been 

modeled in a fragmented way by various groups (Bazilian et al., 2011; Weitz et al., 2014; Daher and Mohtar, 2015). 

• The limited understanding of the linkages between the sectors of the nexus also explains the limitations of existing 

decision-making methods used to select, model, and implement integrated interventions across the nexus. Often, they are 

selected by experts and policy-makers in one or several specific fields and do not always include the stakeholders facing 

nexus issues. Furthermore, these tools rarely cut across the various technical, socio-political, and economic disciplines 

that define the context in which the nexus unfolds.  

• The range of application of existing models of the FEW/WELF nexus is limited due to current knowledge gaps in 

understanding the nexus and its components (Hoff, 2011). More specifically, there is a need to develop databases on 

food, energy, land, and water, their respective value chains, and how these sectors interact (Hoff, 2011; Ferroukhi et al., 

2015). There is also a need for understanding the impact of one sector of the nexus on the others; dealing with the 

complexity and uncertainty inherent in the nexus; and creating multi-scale metrics and indicators for the nexus (Tevar et 

al., 2016; King and Carbajales-Dale, 2016).  

• Finally, even though the concept of an integrated approach to the management and allocation of FEW/WELF resources 

sounds innovative, it has remained mostly academic and its value proposition has not yet been operationally demonstrated 

in practice and conveyed in a comprehensive and non-academic manner to policy and decision makers (Mohtar and 

Daher, 2016). 

All these insights have led to the consensus in the FEW/WELF nexus literature that the management and allocation of WELF 

resources needs to be looked at in a more systemic, multidisciplinary, and practical manner. As best summarized by the Stockholm 

Environment Institute (Hoff, 2011), an integrated approach to the FEW nexus must involve: innovative and efficient technologies 

to increase the productivity of resources; techniques to reuse waste and by-products; economic incentives for sustainable use of 

resources; coherence in governance and policy making; and sound ecosystem management and allocation, preservation, and 

enhancement.  

Developing comprehensive and integrated models of the WELF nexus is challenging and requires adopting a systems approach. 

Despite the multitude of scholarly publications on the need for an integrated approach to the WELF nexus, not much research has 

been done, for instance, on modeling the nexus using hard-systems tools (qualitative and quantitative) such as system dynamics 

discussed herein. Some soft-systems tools have however been proposed but are limited as to their applications due to their 

qualitative nature. This paper first explores the importance of context, scale, and boundary selection when developing hard-system-

based models of the nexus at the community-level. The second part addresses how to integrate different types of community 

capacity when addressing WELF-related issues in small-scale and low-income communities. Finally, a simple system dynamics 

example is presented to illustrate how to link population, WELF resources, and community capacity. 

2.   Landscape Analysis 

Definition 
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The management and allocation of water, energy, land, and food resources requires decision makers to have a good understanding 

of the existing setting (i.e., the baseline or frame of reference) in which community development takes place and the nexus is 

embedded. The setting consists of many interacting systems and sub-systems (Figure 2). The setting takes place in a specific 

context, over a certain geographical area (spatial-scale) and time frame (temporal-scale) and is confined by a boundary. It is in that 

setting that data and information about the WELF nexus are collected and analyzed; constraints and issues are identified and ranked; 

system-based models of the issues are created; and decisions are made about possible interventions to address these issues. The 

selected boundary is especially critical since it determines what is included and excluded in resource management.  

 
Figure 2. Systems involved in community development and interacting with the WELF nexus. Each system consists of sub-

systems. Note: A simpler version of this graph was originally proposed by Jorge Vanegas 
(personal communication, 2000). 

 

Different terms and metaphors could be used to describe the “setting” in development and WELF studies. In this paper, “landscape” 

describes the enabling environment in which community development takes place and the nexus unfolds. It builds on the definition 

proposed by various authors interested in farm, land, and ecosystem management (Scherr et al., 2013): 

 “a socio-ecological system that consists of a mosaic of natural and/or human-modified ecosystems, with a characteristic 

configuration of topography, vegetation, land use, and settlements that is influenced by the ecological, historical, economic and 

cultural processes and activities of the area. The mix of land cover and use types (landscape composition) usually includes 

agricultural lands, native vegetation, and human dwellings, villages and/or urban areas. The spatial arrangement of different land 

uses and cover types (landscape structure) and the norms and modalities of its governance contribute to the character of a 

landscape.” 

We extend landscape beyond the above definition to also include the engineered (infrastructure) systems associated with the FEW 

supply chains and the economic processes of production, distribution, and consumption across sectors (e.g., agriculture, 

manufacturing).  

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

62



 
 

It should be noted that the term “landscape” has been included in multiple integrated landscape management 

approaches/frameworks in the literature, especially about reconciling issues related to natural resource management, conservation, 

and development (Sayer et al., 2013; Mitchell et al., 2015) and climate (Scherr et al., 2012; Minang et al., 2015). Common 

characteristics of these approaches include the recognition that: (i) the landscape is a complex and ill-defined system of systems 

that requires adopting flexibility and adaptability in its management and recognizing that there are no optimal solutions in 

addressing issues; (ii) multi-stakeholder participation is key to resource management; and (iii) interventions across the landscape 

need to include social, environmental, and economic components while seeking to increase synergies and reduce tradeoffs. These 

remarks have critical implications on how to model the landscape of Figure 2 and the embedded nexus using system-based tools 

as discussed later in this paper.  

Before modeling the entire landscape and/or several of its components, it is necessary to identify its basic characteristics (context, 

scale, and boundary) and collect and analyze data about all sectors of the nexus, their respective supply chains, and the various 

social, economic, infrastructure, and environmental community systems at play with the nexus.  

Context 

In general, the overall state of development, wellbeing, and level of prosperity of a community emerges from the interaction of 

many socio-economic, geo-political, environmental, and infrastructure systems in a specific cultural and climatic context. The 

dynamic at play between these systems varies depending on whether it is in an urban or rural context.  

Multiple branches of social science can help to understand the context in which the WELF nexus unfolds. More specifically, the 

fields of anthropology, economics, geography, history, political science, and sociology (to name a few) provide methodologies and 

tools to define context. Geography is an important discipline in understanding the nexus. It provides valuable spatial and temporal 

insights about Earth’s physical processes (physical geography) and how populations interact with the Earth and its natural processes 

(human geography).  

As best summarized by De Blij (2009), geography contributes to explain why populations are located at certain locations, do what 

they do, prioritize certain activities, how they trade with each other, and why some have more advantages than others. Geography 

also gives insights as to how populations make decisions for a specific ecological and climatic setting based on their belief systems, 

cultural preferences, value systems, etc. Geography provides a methodology to assess the nature (quality and quantity) and 

distribution of the natural resources at play in the nexus and gives insights on how to manage and allocate these resources while 

taking under consideration possible geopolitical and socioeconomic risk drivers, constraints, and limitations. As an example, 

geography is especially critical in understanding the geo-economic and geo-political dynamic at play in the Hindu-Kush and 

Himalayan mountain region where close to 1.3 billion people rely on 10 river basins for their domestic, agricultural, and industrial 

water needs. Similarly, Cook and Bakker (2012) give several examples showing the role that geography plays in defining and 

addressing water security in Australia, China, the Middle East, and North Africa.  

In engineering, geography contributes to making appropriate decisions about what types of infrastructure would work best at certain 

locations to provide specific services such as water and energy to populations. As remarked by Zahnd (2012) for renewable energy 

projects in rural parts of Nepal, the topography, the overall geography of mountainous regions, and local cultures limit what 

technologies are possible including their installation, operation, and maintenance. Simply put, some locations are better suited than 

others and are more likely to lead to successful interventions. Another example in an urban context presented by Perrone et al. 

(2011) for the city of Tucson, AZ illustrates how geographic location affects the decision-making and infrastructure building from 

water supply to consumption at the urban scale.  
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Human and physical geographic information is critical to land-use and community planning. It may help to decide, for instance, 

how land is used and whether communities may need to be relocated due to changes in natural conditions following some natural 

hazards (e.g., induced landslides associated with the 2015 earthquake in Nepal). In general, ignoring geographic information in 

community development is likely to lead to inappropriate technical and socio-economic solutions to community issues, which may 

lead to possible conflicts.  

The study of climate is critical to understanding the nexus. Climates and their intra-variability (over one year) or inter-variability 

between years define what’s possible for community development and limits the range of possible solutions to nexus issues, since 

they influence populations and resources within the nexus. One can expect, for instance, the dynamic of the WELF nexus in a 

dry/arid climate to be quite different from that in a temperate/tropical climate. In their WEF Nexus Assessment Framework 1.0, 

the FAO (Flammini et al., 2014) describes different approaches to assessing the nexus based on whether countries are dry or wet 

in addition to whether their economies are agriculture-based.  

Climates dictate the characteristics of possible associations of plants and animals in a specific environment. They define the extent 

and intensity of dry and wet seasons and the land’s hydrology, which in turn controls how much freshwater is available for domestic, 

industrial, and agricultural use. As noted by Grey and Sadoff (2007), countries with “difficult hydrology” (i.e., with not enough or 

too much water) are more likely to face socio-economic challenges. In arid and semi-arid climates, such as those found in the 

Middle East, there may be enough water for domestic and industrial use but not enough to grow food; a situation that is likely to 

deteriorate over time due to rapid population growth and urbanization in that region. A lack of water for food production can be 

handled by importing food instead of water (Mohtar et al., 2016) or using wastewater for agriculture as in the case of Israel (Siegel, 

2015).  

The literature on the link between climate and the FEW/WELF nexus is abundant. Climate change has potential to affect: (i) food 

security by reducing food production; (ii) water security by altering precipitation patterns and natural disasters; and (iii) energy 

security by increasing energy demand (WBCSD, 2009; Ferroukhi et al., 2015). Climate change affects land-use through, for 

instance, desertification. All these climate-related risks and their uncertainties have potential to create socio-economic, geo-

political, and/or environmental problems which could lead to crises or unrest at different scales and over long periods of time. As 

an example, some authors have suggested that sustained drought in Syria and the Middle East Fertile Crescent starting in 2011, 

combined with weak country governance and a lack of environmental and agricultural policy, led to political unrest and rapid urban 

migration (Kelley et al., 2015).   

Finally, populations play an active role in the FEW/WELF nexus, since they are major consumers of natural resources and impact 

their environment. The FEW/WELF nexus is likely to be different in an urban context from that in a rural context due to a higher 

population concentration and stronger demands. Fields of social science such as human geography, anthropology, and ethnography 

provide methodologies and tools to map (e.g., GIS mapping) the demographics of populations, their customs and cultures, and how 

they interact with natural systems. These, in turn, affect how resources across the nexus are managed, prioritized, and allocated at 

different scales.  

Scale 

For a given urban/rural, climatic, and socio-cultural context, the WELF nexus and/or each one of its components are likely to unfold 

differently at various physical and temporal scales: global (country or state), regional, and local or functional such as villages, 

households, economic sectors, or firms (Fischer-Kowalski and Huttler, 1999). Scale is important since the management and 

allocation of WELF and soil resources may only be seasonally economical (Wilbanks, 1994). A case in point is what happened in 
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Rwanda before 1994 where plots of family land were divided many times over from one generation to the next resulting in smaller 

plots that became too small to provide proper household economic support. Correlation has been suggested between this local land 

dynamic, political unrest, ethnic divisions, and the 1994 country-wide genocide (Boudreaux, 2009).  

Likewise, solutions across the nexus may be effective at one scale and not at another. Alcamo (2015) cites how drip irrigation can 

be very effective in reducing water demand and increasing the water efficiency to grow crops at the local level. At the same time, 

that increase is often accompanied by a farmers’ desire to grow more crops since more water becomes available.  

Across the nexus, the physical scale plays a critical role in how decisions are made and who makes the decisions. Some decisions 

are made at the local or community (bottom-up) level and others at the country, state, or regional (top-down) level by various forms 

of government. Scale also affects how issues at one spatial scale are related to issues at another scale and whether solutions scale 

up. Decisions to intervene in one or multiple sectors of the nexus at the national-level may not be relevant at the regional- and 

local-scale and vice-versa. The same could be said regarding time-scale as a community may be resilient to certain supply-based 

and demand-based risk drivers over the short-term but not in the long-term. Scott et al. (2011) provide several US case studies 

illustrating the disconnect between institutional decision-making and water-energy management strategies at different scales.  

Reynolds et al. (2003) discuss the importance of scale when distinguishing between local land degradation and regional 

desertification. As remarked by Wilbanks (1994), the non-linearity of systems in the nexus makes any spatial or temporal scale 

linear extrapolation (i.e., scaling) impossible.  

Another scale issue is about understanding how interventions in the nexus at one scale may impact intervention at other scales. As 

an example, large water, energy, and agricultural infrastructure projects necessary to the needs of large urban areas may impact 

smaller community projects with serious socio-economic impact (Flammini et al., 2014; FAO, 2014). A case in point is the upstream 

and downstream social and environmental impacts associated with the construction of the Three Gorges Dam in China (Xu et al., 

2013). 

Boundaries 

Any study of the WELF nexus at the community-level requires that a boundary (spatial and temporal) be selected. Whether natural 

or artificial, a boundary defines scales at which the nexus is studied, what data need to be collected and analyzed and their level of 

aggregation, where data should be collected and over what time frame, the issues that need to be addressed and modeled, and the 

characteristics of proposed solutions. Defining the boundary of a problem is not easy since it clearly sends the message that some 

study (endogenous) parameters are included within the boundary whereas others (exogenous) are purposely excluded. A challenge 

in doing such truncation across the nexus is that boundaries for water, energy, land, and food and social/administrative do not 

always align with each other (Perrone et al., 2011). As recommended by these authors, it then becomes necessary to select, 

somewhat subjectively, an overall boundary that is good enough and “aligns best” with the boundaries of each resource in the 

nexus.  

Several additional remarks can be made about selecting the nexus boundaries. First, as noted by Ricigliano and Chigas (USAID, 

2011), selecting reasonably defined boundaries that balance inclusiveness (breadth or extension) and clarity (depth or intensity) 

are key. In the management of WELF resources at the community-level, breadth deals with the cross-disciplinary interaction 

between these components and the various components of the landscape shown in Figure 2. Depth is associated with the necessary 

detail of the nexus and the landscape. Another way to understand that challenge is to select boundaries that provide trade-offs 

“among [model] realism, precision, and generality” (Costanza et al., 2013).  
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Second, some phenomena in the nexus may be confined within well-defined geographical/natural boundaries whereas others are 

not. For instance, the boundary of a watershed (catchment, drainage basin) may be appropriate in identifying the dynamic of a 

community and how its members use water, energy, food, and land if the community operates in an isolated manner and within the 

confines of the watershed. On the other hand, the boundary losses meaning if the community members have interactions with other 

communities and social units outside the boundary. As an example, Day (2009) describes the difficulties in identifying watershed 

boundaries for community-based water resource management in sub-Saharan Africa. This author concluded that due to village 

isolation, micro-watersheds were better suited than a large watershed to understand how aquifer systems were used by local 

villagers.  

Third, at times, geographical boundaries are completely meaningless. This is the case for instance when dealing with transboundary 

and global issues such as population migration, soil degradation, natural hazards, variations in climate change, rogue economic 

development, and geopolitical issues that do not respect geographical boundaries. In this case, the challenge is to find boundaries 

that are appropriate to address the issues at stake, which can be difficult. 

Finally, on the onset of a FEW/WELF nexus study and a given community context, it may not always be possible to fully 

comprehend the nexus and its interactions within a selected spatial boundary and/or over a certain time. In that case, in the process 

of developing solutions for the management and allocation of resources across the nexus, boundaries may need to be flexible and 

allowed to change until “somewhat’ consistent conclusions about the nexus can be reached at different scales. A systems approach 

to modeling the management of FEW/WELF resources requires an assessment of exogenous constraints and barriers and their level 

of uncertainty. One way of handling the external environment in the modeling process is to modify the boundaries to integrate 

critical exogenous parameters in the model as needed. The reverse is also possible as endogenous parameters may be excluded 

from the model as they lose relevance over time.  

Community Assessment 

Once the setting or landscape, in which the WELF nexus is imbedded, is understood, the next stage before any modeling can be 

carried out, is to identify more specifically the various systems of Figure 2 at play in that setting, collect data and information to 

qualify and quantify these systems, and identify issues and the various aspects of the community setting which interact with the 

nexus. Community assessment (sometimes called appraisal) requires community participation and must be carried out in an 

integrated manner.  

Simply put, the main purpose of the assessment is to learn as much as possible about the situation of something: in our case, the 

current dynamics and structure of the landscape of Figure 2, how the WELF nexus currently unfolds and expresses itself, and how 

community development currently takes place. A comprehensive assessment creates a baseline profile of the landscape, which can 

be used to identify existing enabling and constraining factors, what works well, what does not work well, and what could be 

improved. This in turn, helps in: (i) formulating possible mental models and associated dynamic hypotheses around issues in the 

landscape, i.e., possible explanations about causes and consequences of each issue and their underlying structure; (ii) modeling 

these issues; (iii) deciding on places to intervene in the landscape (i.e., possible leverage points); (iv) designing, planning and 

implementing interventions; and (v) ultimately monitoring and evaluating these interventions. 

In community development, assessment or appraisal is often carried out using participatory methods which can be regrouped under 

the concept of Participatory Action Research (PAR). PAR is a recognized form of experimental action research commonly used 

for community assessment or appraisal in health and social sciences, agriculture, and development (Spradley, 1979; Scheyvens and 

Storey, 2003; Chambers, 2005). PAR can also be interpreted as a bottom-up approach to community development since: (1) it 
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begins with people’s problems and concerns and local knowledge; (2) it is motivated by collective-action; and (3) it ends in action.  

In this approach, researchers and stakeholders are active participants in data collection and analysis.  

Different types of PAR assessment or appraisal have been proposed in the literature over the past 40 years in various fields of 

health, social science, agriculture, and development. They differ mostly from each other about the field methods and tools (e.g., 

group and team dynamics, sampling, interviewing, visualizing, mapping, etc.) used to collect and analyze data and whether the 

appraisal is rapid or in-depth. The what, who, where, when, and how of these various methods is well documented in the 

ethnography literature (Spradley, 1979; Cornwall and Jewkes, 1995; Chambers, 2005) and is not discussed here.  

Two remarks need to be made about the assessment of the landscape. First, assessment is about developing a baseline profile with 

meaningful and appropriate indicators that best describe the existing structure of the landscape and possibly explain its behavior. 

It can also be used to explain how community development manifests itself in that landscape. In general, the most difficult part of 

any assessment is to collate, organize, and convert raw data into meaningful information and indicators which, when analyzed 

collectively, translates into knowledge and understanding (Checkland and Poulter, 2006). In our case, data are collected to provide 

information about the dynamic and structure of the landscape, the community, and each sector of the FEW/WELF nexus. Core 

information of interest may include physical geographic, human geographic, infrastructure, economic/financial, institutional, and 

socio-cultural information. Core information needs to be supplemented with sector specific information and of the social, natural, 

infrastructure, and economic systems with which the nexus interacts. In many ways, this process is dictated by the indicators 

selected by decision makers to measure WELF security in the context of interest. For example, the Pardee RAND approach to 

resource security (Willis et al., 2016) uses three indicators (accessibility, availability, adaptive capacity) for water security and two 

indicators (accessibility, availability) for energy and food security.  

A second remark about the assessment of the landscape is that is needs to be carried out in a manner that reflects the interconnected 

nature of the sectors of the landscape. A system- or complexity-aware assessment, requires: (i) seeing and seeking connections in 

the data and information; (ii) engaging multiple stakeholders; (iii) managing different opinions; (v) using reflection-in-action to 

monitor and evaluate the assessment; (vi) formulating issues in the landscape in an integrated manner; and (vii) selecting metrics 

and indicators to measure different aspects of the components of the FEW/WELF nexus and their interactions, the intra- and inter-

connectivity of the systems in the landscape, and the interactions of these systems with the nexus.  

3.    Capacity Analysis 

A successful landscape assessment or appraisal provides data and information that are aggregated into several categories such as: 

stakeholders, gender, health, education, partnership, levels of community capacity to deal with issues or provide services, social 

network, and strength-weakness-opportunities and threat or challenges (see Amadei, 2015). Another goal of the assessment is to 

be able to acquire enough knowledge and understanding to identify and rank the significant issues and problems that are at stake 

in the landscape, the nexus, and the community.  

Among the categories mentioned above, we focus in this paper on modeling the capacity (ability) of communities to provide supply 

chain services (i.e., the sequence of activities from acquisition, production and processing, distribution, to consumption) related to 

water, energy, land, and food. Capacity and community development level are closely related since an increase in one leads to an 

increase in the other.  

Many categories of capacity contribute to providing supply-chain services associated with water, energy, land, food, and other 

human needs. In this paper, we consider eight types of capacity using the terminology proposed by researchers at the University of 

Virginia, Charlottesville (UVC) (Bouabib, 2004) for Municipal Sanitation Services at the community level. The methodology is 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

67



 
 

generic enough to be used for other types of services related to energy, food, transportation, education, telecommunication, health, 

shelter, etc.   

In a nutshell, the UVC approach consists of three consecutive steps. First, all possible forms of capacity and associated requirements 

to provide a certain type of service are mapped. Eight forms of capacity (Ci, i=1-8), each with Ni (i=1-8) specific requirements 

were suggested by the UVC researchers and include: 

• Service capacity compares the current level of service with a desirable one (e.g., quantity, quality, and accessibility of 

drinking water supply per day per capita). The desired level of service is the only suggested requirement (N1 = 1) for 

service capacity.  

• Institutional capacity defines the components of the institutional framework that needs to be in place to provide the 

services. Five (N2 = 5) suggested requirements include: body of legislation and associated regulation, regulatory standards 

and codes, administrative authority, administrative process, and stable and good governance.   

• Human resources capacity relates to the labor that is available to provide the services and its level of training. Four (N3= 

4) suggested requirements include: professional, skilled labor, unskilled labor, and level of illiteracy.  

• Technical resources capacity relates to the logistics and tactics necessary to address the components of technology that 

are needed for the implementation of the solutions. Four (N4 = 4) suggested requirements include: operations, 

maintenance, upgrading or adaptation, and supply chain (spare parts).  

• Economic and financial capacity represents the financing of the services, the availability of loans and the financial assets 

in the community. More specifically, six (N5 = 6) suggested requirements include: percentage of the private sector 

providing services and the existence of bonds, user fees, budget, asset values, and debt.  

• Energy capacity deals with the available energy, its availability, its costs and reliability necessary to provide the services. 

Four (N6 = 4) suggested requirements include: primary source, backup sources, percentage of budget associated with 

energy, and rate of outage.  

• Environmental capacity looks at the availability of natural resources (water, forest, etc.) needed to implement the 

solutions and involves two (N7 = 2) suggested requirements: the quality and sensitivity of the environment including the 

level of stress it can sustain, and making sure that the services will not affect substantially or deplete natural resources.    

• Social and cultural capacity deals with the community structure and components. It consists of four (N8 = 4) suggested 

requirements: its social networks and cohesion and capacity of organization, stability, equity, castes and exclusion. 

 

It should be noted that the eight types of capacity and associated requirements listed above are generic and need to be adapted to 

the context and scale of the community being considered. Other forms of capacity and requirements could be added to that list if 

necessary (e.g., capacity to handle crises and emergencies related to specific adverse events and hazards).  

The eight types of capacity are also dependent on each other. In practice, however, not all them need to be considered for a given 

type of service; only those that are deemed critical to understand how the service is currently provided, what issues limit the service, 

and what needs to be done to address these issues. For the WELF nexus, only the types of capacity and their requirements that are 

believed to affect water, energy, food, and soil security need to be accounted for.  

The second step in the UVC approach is to determine semi-quantitatively, for a given type of service, a score for each type of 

capacity also referred to as a capacity factor (CFi, i= 1-8). As suggested by Bouabib (2004), it is calculated as the weighted sum of 

each capacity’s requirements as follows: 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

68



 
 

 
𝐶𝐶𝐶𝐶𝑖𝑖 = �𝐶𝐶𝑖𝑖𝑖𝑖 .𝑤𝑤𝑖𝑖  

𝑁𝑁𝑖𝑖

𝑖𝑖=1

   
         (1) 

where wj is a weighing factor associated with each capacity requirement rating Cij. In the method proposed by Bouabib (2004), 

each requirement is arbitrarily rated semi-quantitatively on an arbitrary scale ranging between 0 and 100 and broken down into 

levels (Levels 1-5), with 20 units each. Each level must have specific descriptors selected by the user. An example is shown in 

Table 1 for the technical capacity. An example of application of the method at the community level can be found in Bouabib (2004).  

Table 1. Breakdown of Technical Capacity Factor into Four Components 
 for Drinking Water Supply Source (Bouabib, 2004). 

 

Finally, the third step in the UVC approach is to identify for each type of service a Community Capacity Assessment CA defined as 

the lowest value among seven capacity factors with   

 𝐶𝐶𝐴𝐴 = 𝑀𝑀𝑀𝑀𝑀𝑀 (𝐶𝐶𝐶𝐶𝑖𝑖, i = 2 − 8)      (2) 

According to Bouabib (2004), this lowest capacity factor can be understood as a measure of the stage of community development 

(or readiness) in providing that specific service. It is referred to as the Technology Management Level (TML) by Bouabib and its 

value varies over a five-points rating as shown in Table 2. The lowest capacity factor for each service can also be understood as 

the place in the community that is most vulnerable and where intervention to improving the service is first needed. It should be 

noted that the UVC approach is quite conservative as it uses a weakest link criterion (or a pessimistic rule criterion). As noted by 

Bouabib (2004), other criteria could be used instead.   

Table 2. Community Development Levels (Bouabib, 2004). 
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Once the TML has been identified for a given type of service, various types of supply chain service options and associated 

technologies can be selected to provide the service (Ahmad, 2004). The rationale is that a community at a certain stage of 

development (TML) can only handle a certain level of technology when providing a specific service. As a community transitions 

from one stage of development to the next, more advanced technical solutions and associated infrastructure can be implemented, 

maintained, and operated.  

The UVC methodology described above applies to one type of service at a time. The situation becomes challenging when, in the 

community-based management of FEW/WELF resources, several forms of services need to be provided simultaneously to ensure 

water, energy, land, and/or food security. In that case, the lowest capacity factor, CA, and stage of community development, TML, 

need to be determined first for each type of service. There is no guarantee, however, that all types of service would have the same 

type of limiting capacity though. In other words, the security of the entire nexus and stage of community development may be 

limited by one form of capacity for water, another for energy, and so on. In this case, intervention at the nexus and community 

level may require addressing the limiting factors for each type of capacity and those that cut across the five types of capacity used 

in this analysis.  

4.    The Messy Nature of the WELF Nexus 

The challenge faced in community-level WELF resource management and allocation is devising good enough decisions of 

interventions that account for the dynamics of Figure 2 and the embedded nature of the nexus and its interaction with the various 

systems of the landscape. This dynamic is a characteristic to a class of problems that cannot be easily formulated, modeled, and 

solved and are referred to as “wicked” (messy or ill-defined) problems as defined by Rittel and Weber (1973). Paraphrasing these 

authors, unlike “tamed” problems, wicked ones have unique characteristics:  

• They are difficult to formulate and can be defined differently depending on context and scale (physical and temporal); 

• There is no finish line, i.e., “wicked problems have no stopping rules;”  

• There are “no true or false answers;” 

• They are hard to evaluate since they create unintended consequences that are unique; 

• They are irreversible and attempting to correct some unintended consequences may create more disruptions; 

• There are multiple solutions to the problems that require using caution, flexibility, and adaptability in selecting the 

most appropriate solutions if such solutions can even be found. 

 

Wicked problems represent a challenge to those faced with making management decisions and selecting solutions to address these 

problems. Simply put, these problems cannot be approached with traditional linear and reductionist thinking tools and a command-

and-control mindset. Systems (or integrated) thinking represents a tangible alternative to reductionist thinking to handle their 

complexity and uncertainty. As defined by Richmond (1994), “systems thinking is the art and science of making reliable inferences 

about behavior by developing an increasingly deep understanding of underlying structure.” In the context of the FEW/WELF nexus, 

nexus thinking is synonymous to systems thinking.  

The value proposition for using system thinking to address a multitude of complex world’s problems has been emphasized by many 

authors including Laszlo (2001) and Mitleton-Kelly (2003), among others. A wide range of systems science tools have also been 

proposed, a review of which can be found in Myers (2009). Among all these tools, we use system dynamics which allows for 

qualitative and quantitative models of wicked, messy, or ill-defined complex systems. It is not the purpose of this paper to describe 

in depth what system dynamics is or its history. Only a short overview of the basic components of system dynamics is carried out. 
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The emphasis is placed instead on how to use the method to capture the dynamic of the landscape of Figure 2 and the embedded 

FEW/WELF nexus.  

5.   System Dynamics Modeling 

Overview 

Systems dynamics (SD) is a branch of systems science that originated with the work of Dr. Jay Forrester at MIT in the 1950s and 

1960s, and it studies “how systems change over time” (Ford, 2010). System dynamics has been applied to multiple areas including 

environmental/ecological processes (Ford, 2010), business and management sciences (Sterman, 2000); community development 

(Amadei, 2015). In general, SD has unique attributes that warrant its use in modeling the dynamic interaction of the FEW/WELF 

nexus: 

• It can be used to study how systems continuously change over time due to possible changes in and relationships among 

components and in the overall direction of systems allowing for both qualitative and quantitative modeling.  

• It facilitates a big picture perspective allowing for the entire system to be visible, as opposed to individual components. 

• SD models are designed to be self-contained in terms of cause-and-effect inside their boundaries including their internal 

rules.  

• Non-linearities in the system are included in the form of first order differential equations that are solved numerically. 

• Information feedback mechanisms in the system can be included in the form of interconnected closed loops and circular 

causality allowing for reinforcing and balancing trends. This can help in explaining the counter-intuitive forms of 

behavior of some systems.  

• The method emphasizes that the structure of systems (i.e., their components, mutual interactions, and environmental 

interactions) affects their continuous behavior.  

As described in the SD literature, various combinations of reinforcing and balancing loops and delays can be created to model the 

behavior patterns of complex systems and unique repetitive patterns called archetypes. The models can be represented in an object-

oriented form of causal-loop diagrams or stock-and-flow diagrams. Causal loop-diagrams show how elements of a feedback 

mechanism interact in a causal manner and are mostly used at the strategy-level. They are qualitative in nature and are not used to 

conduct numerical simulations of systems. On the other hand, stock-and-flow diagrams consist of combinations of several building 

blocks. They help visualize flow, accumulation, delay, and dissipation processes (qualitatively). They also allow for numerical 

(quantitative) simulations and parametric or sensitivity studies and can therefore be used at the operation-level. 

In general, both causal-loop and stock-and-flow diagrams are useful tools for: (i) depicting how parts of a system interact and create 

patterns of behavior; (ii) communicating the dynamic of systems with others; and (iii) designing and planning interventions to 

address issues faced by the system. Only stock-and-flow diagrams are used in this paper.  

System Dynamics Example 

Figure 3 shows, as an example, the stock-and-flow diagram of a system dynamics model illustrating the dynamic at play between 

a population and WELF resources it depends on. It was created using the STELLA Architect system dynamics software (version 

1.6) available through isee Systems (www.iseesystems.com). It consists of several key building blocks (stocks, flows, convertors, 

and connectors) as described by Richmond (2004).   
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Figure 3. Stock-and-flow diagram of system dynamics model illustrating  
the dynamic at play between a population and WELF resources. 

 

Stocks are represented by the two boxes Population and WELF Resources in Figure 3. They model the accumulations of people 

and WELF resources (e.g., water, energy, land, food), respectively. Stocks are state variables: they define the current state of a 

system. Note that Figure 3 makes use of the “ghost” icon function for “population” (box with dotted lined) and “desired WELF 

resources”. It is a useful feature in STELLA Architect in creating shortcuts in stocks and flows models. The WELF resources stock 

is layered, which indicates that it is a (4x1) array that describes the accumulations of four types of resources: water, energy, land, 

and food.  

Flows are represented in the form of pipes (with a faucet controlling the flow) that point to or from stocks. In Figure 3, they include: 

being born, dying, supplying WELF resources, and consuming WELF resources. Flows are control variable and result in changes 

over time (dynamic behavior) in the stock accumulations and in the entire system. A cloud at the end of a flow represents an infinite 

source or sink outside the boundaries of the model. The flows labelled “supplying WELF resources” and “consuming WELF 

resources” are (4 x1) arrays to represent the inflow and outflow of the four distinct WELF resources.  
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Convertors, represented by circles, convert or transform information from a stock-and-flow path to another path. Figure 3 contains 

many such converters with some layered ones representing (4 x1) arrays. Converters can also be described in a functional form that 

depends on time or a connected variable. In this case a “~” appears inside the converter and denotes a build-in or build-up graphical 

function. In the example of Figure 3, the converters “effect nexus security on birth and death” depend on the WELF nexus security 

converter. 

Finally, connectors, represented by arrows, connect the various components and variables and transmit information throughout the 

model. The tail of each arrow represents the cause, while the head represents the effect.  

Telling the Story Mathematically 

Behind the stock-and-flow diagram of Figure 3, there is a story which involves a population, P, that consumes four different types 

of WELF resources (Ri, i=1-4). These resources are provided through four supply chains, the extent of which depends on the 

community capacity. The WELF resources stock represents an accumulation of resources that meet specific criteria of availability, 

accessibility, affordability, and others selected by the user. The goal of the community is to acquire over time a desired level of 

such resources defined as Ki (i=1-4) represented by the converter “desired WELF resources” which is the product of “population” 

and “desired WELF resources per person.” 

 In Figure 3, the overall increase or decrease of the population depends on the birth rate (br) and death rate (dr), their relative values, 

and the current size of the population. In mathematical form, the change of the population P(t) (with an initial value Po) is equal to:  

 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 = (𝑏𝑏𝑏𝑏 − 𝑑𝑑𝑏𝑏)𝑑𝑑           (3) 

In the WELF resources part of Figure 3, ai (i=1-4) represent the rates of supplying WELF resources and bi (i=1-4) represent the 

rates of consuming WELF resources (product of population and the WELF resources consumption rates per person). For the 

dynamic shown in Figure 3, the rate of change of each resource Ri is equal to:  

 𝑑𝑑𝑅𝑅𝑖𝑖
𝑑𝑑𝑑𝑑 = 𝑎𝑎𝑖𝑖(𝐾𝐾𝑖𝑖 − 𝑅𝑅𝑖𝑖) − 𝑏𝑏𝑖𝑖  

         (4) 

with i = 1-4 and Ri = Roi at t = 0. In this equation, both Ki and bi depend on the size of the population. Solving the dynamic shown 

in Figure 3 requires solving a total of five non-linear first order differential equations (one for the population P and four for the 

resources Ri) that are interrelated. A numerical example of application of the model and a web-based interactive user interface are 

available at https://exchange.iseesystems.com/public/bernardamadei/welf-02/index.html#page1.  

In Figure 3, the (4 x1) array converter “service delivery factors” accounts for the capacity (or ability) of the community to deliver 

(provide) services associated with supplying water, energy, land/veg, and food/ag resources. The service delivery factors vary 

between 0 and 1. For each sector of the nexus, the capacity for service delivery is assumed to vary between 0 (no capacity) and 100 

(full capacity) and can be determined, for instance, using the UVC capacity analysis (CA defined in eq. 2). All measures of capacity 

are included in the (4 x1) array represented by the converter “community service capacity.” In the model of Figure 3, built-up 

graphical functions are introduced by the user to relate the service delivery factors to the community capacity. In general, the factors 

decrease from 1 to 0 as the community has less capacity to deliver supply chain services. This, in turn, results in less WELF 

resources being supplied to the population. A zero value means that the community has no capacity to supply resources at all.   
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In Figure 3, each level of resource security is defined as Ri/Ki. The overall security of the WELF nexus, NS, is determined as the 

weighted average of the resource securities as follows 

 
𝑁𝑁𝑁𝑁 =  �𝑤𝑤𝑖𝑖

4

𝑖𝑖=1

𝑅𝑅𝑖𝑖
𝐾𝐾𝑖𝑖

 
 

(5) 

where wi (i=1-4) are weights that depend on the priority accorded to each resource security. The value of NS is assumed to affect 

the birth and death rates, br and dr, using build-up graphical functions selected by the user. The birth and death rates also depend 

on “other birth factors” and “other death factors” that are selected by the user. 

The Community Development Story 

Figure 3 illustrates that systems dynamics models are developed once a story is in place and not the other way around. In general, 

behind the dynamic at play between the WELF nexus and the community in which the nexus is embedded, there is always a 

community development story that can be narrated as follows:  

i. A community in a specific setting (context, scale, boundary) is currently at a certain level or state of development. In that 

state, various social, natural, infrastructure, and economic systems are at play and some services are provided under a 

certain level of policies and regulations. The state of community development is limited by the community’s capacity to 

provide services.  

ii. The community is interested in transitioning to a preferable state of development over time. This desired state of 

development requires that specific goals and objectives are met, levels of services are put in place, governance is formed, 

policies are crafted and instituted, and that the systems have the proper structure to provide these services.  

iii. Stakeholders are called to work in a participatory manner with the community and the government to develop an 

integrated plan of action as the community moves from one state of development to the next.  

Understanding the story is critical to developing a system-based representation of the nexus. From the story, issues in one or several 

sectors of the nexus can be identified and ranked and their mental (conceptual) models and associated dynamics developed. Mental 

models represent the starting points from which system dynamics models are developed. Once a story is in place, modeling that 

story using system dynamics necessitates following a road map which according to Ford (2010) consists of eight steps: (i) problem 

familiarization; (ii) problem definition; (iii) model formulation by constructing stock-and-flow diagrams and (iv) causal loop 

diagrams; (v) parameter estimation; (vi) simulation to explain the problem being addressed; and (vii) simulation analysis consisting 

of sensitivity analysis and (viii) policy analysis. The first four steps are qualitative and the last four steps are quantitative.  

6.    Conclusions  

There is consensus in the FEW/WELF nexus literature that the management and allocation of water, energy, land, and food 

resources at the community-level needs to be viewed in a more systemic, multidisciplinary, and practical manner. This 

recommendation is a much-needed improvement from the current approach which only considers the four sectors of the nexus in 

isolation.  

A systems approach to the FEW/WELF nexus combined with community development has a strong value proposition. It can be 

used to: (i) understand better how the nexus interacts with the community’s enabling and constraining environment; (ii) explain 

existing patterns of community behavior around the nexus over time; (iii) interpret emergent properties of community systems such 

as resilience, and sustainability that may involve one or several sectors of the nexus; (iv) examine various perspectives of 
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community development interventions across the nexus and consider intended and unintended consequences of these interventions; 

(v) identify leverage points that benefit the nexus; (vi) predict how the community may respond to various constraints and 

disturbances and/or strategies of capacity development; and (vii) develop approximate, but good enough, FEW/WELF-related 

solutions to community needs that are flexible and adaptive to change.  

System dynamics represents a powerful and alternative hard-systems approach to modeling the nexus and how it interacts with 

various systems for a given landscape context, scale, and boundary. System dynamics modeling requires following a series of steps 

from assessing the landscape in which the nexus is embedded, developing mental models, assembling stock-and-flow models, 

collecting data, reproducing existing conditions, conducting sensitivity analysis, and ultimately proposing interventions for the 

management and allocation of water, energy, land, and food resources. This entire process requires that a community development 

story is developed in a participatory manner with all stakeholders involved in the decision making.  
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Abstract 

The EC Regulation No 761/2001, known as EMAS II, provided the possibility of obtaining the EMAS recognition also by 

industrial districts. As a consequence, the Livenza furniture district obtained the EMAS recognition in 2006 as the first 

industrial district in Italy. The Livenza district includes several manufacturing enterprises which carry out their activity in 11 

municipalities of the province of Pordenone, Italy. Industries of wood, wood and cork products, straw articles, weave materials 

and furniture take part in the district. A Territorial Environmental Analysis was drawn up to obtain the recognition, by 

collecting data and information from questionnaires compiled by more than 100 firms and by the 11 municipalities of the 

district. For the EMAS registration renewal, obtained by the district in 2016, the Territorial Environmental Analysis was 

updated by revising in particular the methodology of evaluation of environmental impacts. More specifically, Ecological 

Footprint (EF) (that is, the quantitative evaluation of consumption of raw materials and energy and of waste production) was 

compared with Carrying Capacity (CC) (that is, the quantitative evaluation of the area able to assure the availability of the 

resources required and to absorb waste produced). In this way, it was possible to put in light that the EF of the district is much 

greater than the corresponding CC. The main actions which might be chosen to reduce EF have been pinpointed, with the aim 

of warranting a better sustainability of the district activities. 

 

Keywords: EMAS, Livenza furniture district, Territorial environmental analysis, Ecological footprint, Carrying capacity 
 

1. Introduction 

The bound between enterprises and environment is strong. Water footprint (Zhao et al., 2009; Chen et al., 2017), carbon 

footprint (Wiedmann and Minx, 2008; Høgevold, 2011), ecological footprint (Herva et al., 2008), Life Cycle Assessment 

(LCA) (Bulian et al., 2014) are used as recent indicators of environmental sustainability, in the perspective of sustainable 

development goals (Agenda 2030, 2015). 

The European Community chose the EMAS regulation as one of the tools to reduce environmental impacts of firms (Merli et 

al., 2016). In Italy, the EC Regulation No 761/2001, known as EMAS II, enabled small and medium enterprises to improve 

the competition on the market (Citterio and Pizzurno, 2005), anyway in some European countries, like Germany, there was a 

decrease in the number of registrations (De Leo et al., 2003). 

Many papers were published on EMAS registration in different sectors: in wood furniture enterprises (Gordic et al., 2014; 

Høgevold, 2011), in Italian organizations (Merli et al., 2016), in Italian clusters (Battaglia et al., 2010, Daddi et al., 2012; Merli 

et al., 2014; Pezzillo et al., 2011; Provincia di Lucca, 2006). 

In 2006, the Livenza furniture district, located in the province of Pordenone (Italy), was the first Italian industrial district that 

obtained the EMAS registration. The “Rapporto di Analisi Ambientale Territoriale del Distretto del Mobile di Pordenone 

(Report of Territorial Environmental Analysis of the Furniture District of Pordenone), published in 2006, described the 

methodology adopted for the EMAS obtainment. A network of institutional subjects, ARPA FVG (Regional Agency for 

Environmental Protection of the Friuli Venezia Giulia region), Industrial Union of Pordenone, with the involved municipalities 

and the Friuli Venezia Giulia region, developed some ideas about the environmental impact of the local productive furniture 

chain, starting from the environmental matrices and their pollution (Consorzio del Mobile Livenza, 2006). 
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The EC No 1221/2009 Regulation, the so called EMAS III, gives more importance to the environmental performances of the 

organizations in all economic sectors (Hrebicek et al., 2011; Unioncamere Piemonte, 2011); in 2009 and 2010, the more 

restrictive rules for obtaining the registration caused a decrease of EMAS registration in Italy (Ispra, 2017). 

Because of the global crisis, since 2015, many organizations, in particular small firms operating in the South of Italy, decided 

not to renew the EMAS registration (Preziosi et al., 2016). 

Anyway, in 2016 the Livenza furniture district obtained the renewal of the EMAS registration, and during the month of June 

2017, one of the checks, periodically foreseen by the registration, ended with success (ARPA FVG, 2017). 

This work not only proposes a methodology for understanding where and how the industrial productions of the Livenza 

furniture district exceeds the available natural resources (Borucke et al., 2013), but also provides significant information about 

what can be improved for a sustainable future of the involved environment. 

 

2. Methods 

In 2005, data and information were gathered by questionnaires sent to the enterprises and to the municipalities of the District, 

and by interviews with the main stakeholders of the territory. 

In 2015, environmental data and information which ARPA FVG had already collected by the enterprises for its institutional 

purposes were employed. Data and information relative to enterprise characteristics were taken from the Registro Imprese 

database by Infocamere (registroimprese.it, 2015). 

 

3. Case Study Presentation 

The Italian Law No 317/1991 defined industrial districts as territorial systems, geographically limited and constituted by close 

areas, characterized by a high concentration of small and medium enterprises with the same productivity specialization. An 

industrial district is an optimal ambit for the integrated growth of competitiveness, since it is possible to exploit the same 

infrastructure to manage environmental impacts (wastewater treatment plants, waste production, etc.). In this area, public 

administrations have an important role, promoting the sustainability culture and financing local enterprises to achieve a high 

environmental level, contributing in this way to maintain and improve working and human resources (Citterio and Pizzurno, 

2005). 

With the Act No 457 of March 3rd, 2000, the Friuli Venezia Giulia region identified the territory typified by the economic 

category “furniture manufacturing” according to ISTAT classification 36.1 - ATECO 2002 (Sistema Statistico Nazionale, 

2002) in the municipalities of Azzano Decimo, Brugnera, Budoia, Caneva, Chions, Fontanafredda, Pasiano di Pordenone, 

Polcenigo, Prata di Pordenone, Pravisdomini and Sacile. Actually, the production chain involves also enterprises settled in the 

Veneto region, in the municipalities of Mansuè, Motta di Livenza and Oderzo. 

The Livenza district production includes different types of home/office furnishing, like kitchen units, livingrooms, bedrooms, 

bathrooms, office furniture and seats, complements. Furthermore, several components of the furniture chain, like shutter doors, 

drawers and semi-manufactured articles, are produced by some enterprises of the same area, leader at the national and 

international levels. 

Furniture production chain follows three main process flows: preparation of wooden blocks, for furniture or parts of it, made 

in solid wood; production and melamine coating of panels, for furniture or parts of it, made in chipboard; and production and 

preparation of wood veneer and coats, for melamine coating of panels. 
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In Table 1, the distribution in 2005 and 2015 of the furniture chain production companies, according to ATECO divisions, in 

the District municipalities is reported (Sistema Statistico Nazionale, 2009). Only active companies (a subset of the companies 

registered in the Companies Register) were considered. ATECO divisions involved are: C16 “Wood and wooden and cork 

products (furniture excepted) industries and manufacturing of straw and interlacement materials products” and C31 “Furniture 

manufacturing”. 

Table 1. Distribution of furniture chain production companies (active enterprises), according to ATECO divisions, 

in the District municipalities, in 2005 and 2015 (personal elaboration from Consorzio del Mobile Livenza, 2006 

and registroimprese.it, 2015). 

 Year 2005 Year 2015 

Municipality ATECO C16 

division 

ATECO C31 

division 

Total ATECO C16 

division 

ATECO C31 

division 

Total 

Azzano Decimo  23 38 61 15 33 48 

Brugnera  24 76 100 14 58 72 

Budoia  7 8 15 5 3 8 

Caneva  6 13 19 1 8 9 

Chions  7 14 21 2 9 11 

Fontanafredda  24 27 51 16 18 34 

Pasiano di Pordenone  23 68 91 20 42 62 

Polcenigo  3 4 7 2 8 10 

Prata di Pordenone  15 71 86 10 50 60 

Pravisdomini  23 26 49 14 20 34 

Sacile  27 52 79 19 38 57 

Total 182 397 579 118 287 405 

 

For each manufacturing category, total District companies decreased in the decade 2005-2015. In Tables 2 and 3, total numbers 

of companies are divided in industrial companies and artisan companies for 2005 and 2015, respectively; the number of 

employees is associated to the number of manufacturing units. 

 

Table 2. Distribution of furniture chain production companies (active enterprises) and related employees in the 

District municipalities in 2005 (personal elaboration from Consorzio del Mobile Livenza, 2006). 
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Industry, active companies  

Industrial business number  210 18 48 7 5 7 20 31 2 34 19 19 

Employees number  7889 408 2.042 182 229 142 634 999 75 2406 401 371 

Employees per 

establishment 

37.6 22.7 42.5 26.0 45.8 20.3 31.7 32.2 37.5 70.8 21.1 19.5 

Artisan business, active companies 
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Table 3. Distribution of furniture chain production companies (active enterprises) and related employees in the 

District municipalities in 2015 (personal elaboration from registroimprese.it, 2015). 

 

In Table 4, the number of companies settled in the District and the number of employees (in absolute and in percentage values) 

in the years 2005 and 2015 are reported. 

In both years considered, companies belonging to the furniture chain production constituted the production fabric 

characterizing the territory of the 11 Municipalities examined. Nevertheless, in the whole District there was a reduction over 

time of the number of active companies and of the number of employees, both in absolute and in percentage values: the number 

of active companies decreased from 253 (43.1% of total industries settled in the territory) to 214 (39.7% of total industries 

settled) and the number of employees decreased accordingly from 10249 (56.6% of total employees of the industrial sector) 

in 2005 to 7159 units (51.1% of total employees of the industrial sector) in 2015.  

Table 4. Occurrence of furniture sector over total industries present in the District (personal elaboration from 

Consorzio del Mobile Livenza, 2006 and registroimprese.it, 2015). 

Artisan business  number 177 23 21 3 5 4 12 36 1 21 26 25 

Employees number 1152 173 102 3 23 23 66 247 2 137 193 183 

Employees per 

establishment 

6.5 7.5 4.9 1.0 4.6 5.8 5.5 6.9 2.0 6.5 7.4 7.3 

Industrial and artisan business, total active companies 

Total companies  387 41 69 10 10 11 32 67 3 55 45 44 

Total employees 9041 581 2144 185 252 165 700 1246 77 2543 594 554 

Employees per 

establishment  

23.4 14.2 31.1 18.5 25.2 15.0 21.9 18.6 25.7 46.2 13.2 12.6 
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Industry, active companies 

Industrial business number  214 17 49 4 3 6 15 36 5 37 15 27 

Employees number  7159 436 1515 39 103 97 523 1344 83 2033 395 591 

Employees per 

establishment 

33 26 31 10 34 16 35 37 17 55 26 22 

Artisan business, active companies 

Artisan business  number 191 31 23 4 6 5 19 26 5 23 19 30 

Employees number 1133 207 138 10 37 36 90 136 7 144 155 173 

Employees per 

establishment 

6 7 6 3 6 7 5 5 1 6 8 6 

Industrial and artisan business, total active companies 

Total companies  405 48 72 8 9 11 34 62 10 60 34 57 

Total employees 8292 643 1653 49 140 133 613 1480 90 2177 550 764 

Employees per 

establishment  

20 13 23 6 16 12 18 24 9 36 16 13 
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 Municipality Active industries Employees 

 Year 2005 Year 2015 Year 2005 Year 2015 

Azzano Decimo  27 (14.8 %) 17 (23%) 739 (24.6%) 436 (28.6%) 

Brugnera  31 (64.5%) 49 (4%) 1.921 (73.8%) 1.515 (70.9%) 

Budoia  6 (50.0%) 4 (4%) 212 (59.0%) 39 (41.1%) 

Caneva  16 (37.5%) 3 (25%) 372 (70.7%) 103 (46.6%) 

Chions  19 (31.6%) 6 (1%) 694 (25.9%) 97 (10.4%) 

Fontanafredda  34 (32.4%) 15 (30.4%) 1.970 (21.3%) 523 (23.2%) 

Pasiano di Pordenone  28 (64.3%) 36 (57.4%) 1.208 (70.7%) 1.344 (81.0%) 

Polcenigo  5 (40.0%) 5 (31.3%) 156 (47.4%) 83 (31.1%) 

Prata di Pordenone  38 (63.2%) 37 (58.8%) 2.065 (88.1%) 2.033 (85.1%) 

Pravisdomini  8 (87.5%) 15 (50.7%) 226 (96.0%) 395 (59.7%) 

Sacile  41 (19.5%) 27 (31.5%) 686 (36.6%) 519 (31.7%) 

Total  253 (43.1%) 214 (39.7%) 10.249 (56.6%) 7.159 (51.1%) 

 

Within the municipalities, variables followed the global trend on average. Despite this fact, it is still clear that, to understand 

the sustainability of the territory, it is necessary to analyze the chain production processes, not only in their specific aspects, 

but especially in interconnections among different productive units, inside the District but also outside its boundaries. 

 

4. Results and Discussion 

4.1.  Obtainment of the EMAS recognition in 2006 

The revision of the EMAS regulation (EC Regulation No 761/2001) provided the possibility of EMAS registration also by 

industrial districts. Consequently, in 2005 the Ecolabel Eco-audit Committee supplied the indications for the application of the 

EMAS Regulation in “homogeneous productive fields” in Italy. Therefore, to obtain the EMAS registration, the Livenza 

furniture district followed the procedure proposed by the Committee for the application of the regulation to industrial districts. 

Practically, a Territorial Environmental Analysis was drawn up and allowed an overall evaluation of the environmental 

problems, which are joined with the productive activities of the furniture district by: 

- The characterisation of the environmental scenario where the District is located; 

- The analysis of the furniture chain, by identifying the activities characterizing the productive processes; 

- The identification and assessment of the environmental aspects and relative impacts deriving from the activities of the 

firms of the District; 

- The identification of the support processes for the enterprises of the furniture chain and of their environmental aspects; 

- The identification of the legislative rules for the furniture chain firms; 

- The identification of the activities of the municipalities and of the other local authorities of the District area; 

- The evaluation of the relationships among the environmental aspects, in terms of technical and managerial 

organization, both of public and of private authorities, present in the District. 

Therefore, in the Territorial Environmental Analysis data and information were reported: 

- Related to the territory of competence of the District; 
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- About the environmental aspects and impacts of the furniture chain; 

- About the environmental aspects and impacts of the local authorities of the territory in which the District is located. 

Data and information required for the drawing up of the report were gathered by questionnaires compiled by more than 100 

firms and by the 11 municipalities of the District. The two questionnaires cannot be reported in the paper, in consideration of 

the limited space available for the full text, but can be required to the corresponding author by all interested people. 

By combining the data relative to the Significance of the Environmental Aspects (SEA) of the District enterprises with the 

criticalities put in light by the analysis of the activities arranged by the local authorities, the priorities of interventions of 

environmental improvement were identified. More in detail, the pressures of the enterprises on environmental matrices (water 

resources, air, soil, etc.) were taken into consideration and, on the other hand, the situation of the environmental matrices, in 

terms of quality of water, air, soil, etc., were assessed. The goal was to underline possible elements of criticality by comparing 

the pressure data of the District firms and the indicators of the environmental state. Furthermore, the perception of local people 

about the environmental problems (air pollution, health protection, vehicular traffic, etc.) had a relevant weight for the 

determination of the intervention priorities. 

A sequence of the SEA was defined by the following parameters: 

- Social and Territorial Sensitivity (STS), which in turn is represented by 

a) Territorial Sensitivity on the quality of the environmental matrices, 

b) Social Sensitivity of the population with respect to environmental and health themes; 

- Importance of the Environmental Aspects (IEA) by the chain firms. 

Specific schedules were prepared for the objective evaluation of the SEA. The schedules organized to evaluate the level of 

Territorial Sensitivity were compiled on the basis of the indicators describing the state of the environmental matrices of the 

territory, related to the 11 municipalities taken into consideration. 

Social Sensitivity was evaluated both by a press review of the main national and local newspapers, and by a proper 

questionnaire, given to the involved parts of the District. 

The study “Impatto della direttiva solventi sulle aziende industriali della filiera del legno nelle Province di Pordenone e Udine” 

(“Impact of the solvent directive on the industrial firms of the wood chain in the provinces of Pordenone and Udine”) of 2002 

was utilized as the starting basis to determine SEA (Bulian and Tiberio, 2003). Furthermore, the indications provided by the 

study were updated with a questionnaire about environmental indicators connected with the phases of the process of the 

furniture chain. The questionnaire was proposed to more than 100 sample firms of the District. 

Finally, to define the complete picture of the priorities of intervention, the level of significance of each environmental aspect 

was compared with the corresponding Criticality of Local Authorities, that is, the level of suitability and efficacy of the answers 

given by local authorities (region, province, municipalities and ARPA FVG), in terms of planning, control and allocation of 

resources and infrastructures, connected with the national and local rules, that foresee fulfilments in the environmental field. 

The main criticalities coming out from the investigation were: 

- No firm declared to buy electric energy in accordance with the scheme of Green Certificates; 

- No interest towards environmental impacts (as deforestation and modification of eco-systems), generated by the 

provision of wood raw materials; 

- Insufficient use of water paints; 

- Vehicular traffic by heavy trucks; 

- Emissions of organic solvents into the atmosphere; 
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- Insufficient use of renewable energy sources as solar and photovoltaic panels. 

 

4.2.  Renewal of the recognition in 2016  

For the EMAS registration renewal, obtained by the District in 2016, a fundamental step was the updating of the Territorial 

Environmental Analysis. In fact, during the previous years the environmental rules, as well as the District productive structure, 

substantially changed. Therefore, in particular the calculation methodology of SEA and the quantification procedure of REA 

were revised. More in detail, the Territorial Environmental Analysis involved the aspects related to: 

- Monitoring, 

- Scenario definition, 

- Planning and perspective monitoring. 

 

4.2.1.  Monitoring of the environmental aspects due to firms’ activities 

The environmental aspects due to the firms’ activities (consumption of raw materials and energy, waste production, etc.), were 

assessed by a new tool, more complete and systematic/analytical, Ecological Footprint. 

 

4.2.1.1. Ecological Footprint 

Ecological Footprint (EF) is an indicator proposed by Wackernagel and Rees in 1996, based on the comparison between the 

consumption of resources by human activities and the availability of resources within the eco-system. The comparison is an 

instrument for understanding the right ways of economic and environmental management of a territory, and for formulating 

the proper administrative tools. The analysis represents a form of environmental accounting finalized to the respect of the 

ecologic limits of the Earth and of its geographic areas. The comparison aims at understanding whether the processes, involving 

consumption of resources, can be acceptable in the perspective of sustainable development, and can be applied at different 

levels:  single activities, processes, organizations, productive sectors, entire regions or continents, or the whole planet. The EF 

fundaments are represented by the idea that every unit of raw material or energy consumed is joined to a specific size of 

territory, guaranteeing the relative supply of resources and the absorption of waste produced (Wackernagel and Rees, 1996). 

This calculation tool allows to convert into the same measure unit different parameters, as consumption of electric power, 

wood, raw materials, etc., and the necessity of waste absorption, by transforming them in “surface of corresponding productive 

territory”. 

It is necessary to preliminarily estimate consumed resources and produced waste, and then to convert these resource fluxes 

into the corresponding biologically productive area, necessary to guarantee them (Moran et al., 2008). The informative sources, 

useful for the calculation of this indicator, are available in the National Footprint Accounts and are constantly updated by the 

Global Footprint Network (Global Footprint Network, 2018). 

 

4.2.1.2. The environmental matrices 

After the quantification of the environmental aspects of the District firms, it is necessary to identify the environmental matrices 

on which the effects of the environmental aspects show themselves. Air, water, soil and physical agents (electromagnetic 

fields, noise, etc.) were the environmental matrices considered. By taking into account and by combining the environmental 

aspects and the matrices of impact, Relevance can be calculated, which is expressed by a numeric sequence, useful for the 

subsequent phases of planning and perspective monitoring. Inside the Relevance concept, the level of Significance is present, 
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the lower limit under which actions of modification are not considered as necessary. For these purposes, Relevance was divided 

into two variables: Consumption Sustainability and Operational Sustainability. 

 

4.2.1.3. Consumption Sustainability 

Consumption Sustainability (CS) represents the comparison between EF and Carrying Capacity (CC), that is, the sustainability 

level of the consumption of natural resources, caused by the enterprises’ activities. Since human activities have huge 

consequences on environment, Earth can sustain a limited sociodemographic and economic load capacity, because it has finite 

dimensions (Bagliani et al., 2005). If CC represents a limit, human activities’ weight has to be defined to understand its external 

or internal position with respect to the limit. Single consumptions are transformed into a measure unit which can be compared 

with the availabilities (Wackernagel and Rees, 1996). This approach was considered by Bagliani et al. (2005) to put in evidence 

that the speed of the taking phase of resources cannot be higher than that of their regeneration. 

To compare the CC with the corresponding EF, both can be expressed by a common measure unit, global hectare (gha), 

representing the surface able to produce resources and adsorb waste. The comparison between CC and EF can put in evidence 

whether a population or a productive activity need more resources than those offered by the occupied territory (Pearce and 

Barbier, 2000). In this way, the Institutions have the possibility to understand the goal necessary to be achieved at the territorial 

level. 

To calculate Relevance, CS was quantified by considering two variables: the ratio between EF and CC was corrected by 

taking into account the trend during time of the specific consumption type, as well. 

 

4.2.1.4. Operational Sustainability 

Operational Sustainability (OS) represents the environmental aspects considered as negative externalities caused by productive 

activities. OS was calculated for each polluting agent considered within the environmental aspects, by taking into account and 

quantifying several parameters (dangerousness, geographic and/or temporal extension, sensitivity of the receptor, probability 

of the event). 

Dangerousness was defined on the basis of the REACH (CE Regulation No 1907/2006) and CLP (CE Regulation No 

1272/2008) European regulations and quantified as indicated in Table 5. 

Table 5. Properties of the considered pollutant agents and related assigned value for each class of dangerousness. 

Toxicological 

properties 

Eco-toxicological 

properties 

Chemical-physical properties Assigned value 

Lethal, carcinogenic, 

mutagenic, toxic for 

reproduction  

PBT, vBvT, damaging 

substances for stratospheric 

ozone 

Explosive, extremely 

flamable  

 

2 

Toxic, noxious Toxic or noxious with long 

time effects  (acidification, 

eutrophication, ozone 

precursor) 

Comburent, potentially 

explosive, highly flammable  

 

 

1.75 

Irritant, 

potentially noxious  

Toxic or noxious Flammable, easily flammable  

 

1.5 

Potentially irritant Potentially noxious, synergic  Potentially flammable, 1.25 
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potentially corrosive for 

metals   

Absent Inert Inert 1 

 

The importance of an environmental aspect is greater when the associated geographic and/or temporal extension increase. 

Therefore, the geographic and temporal variables were quantified according to the intrinsic characteristics of the impact, as 

indicated in Table 6. 

Table 6. Values assigned to the geographic and temporal variables related to environmental impacts. 

Area/ Indicative length of 

the impact (hours) 

Punctual Areal District Inter-regional 

<1 1.25 1.5 1.75 1.75 

<6 1.5 1.75 1.75 2 

<24 1.75 1.75 2 2 

>24 1.75 2 2 2 

 

Furthermore, to evaluate the impact linked to the diffusion of the environmental aspect over the territory, the “extrinsic 

extension” variable, obtained by the ratio between the number of enterprises responsible for the environmental aspect 

considered and the total number of enterprises of the District, was taken into account. The extrinsic extension was combined 

with the intrinsic one to obtain a synthesis table of the considered parameter. 

Table 7. Mix of the intrinsic and extrinsic extensions. 

 Intrinsic extension 

1.25 1.5 1.75 2 

 

Extrinsic 

extension 

0-0.25 1.25 1.5 1.75 2 

0.25-0.50 1.5 1.5 1.75 2 

0.50-0.75 1.75 1.75 1.75 2 

0.75-1 2 2 2 2 

 

Sensitivity of the receptor is the variable that allows to weight the potential impact of the environmental aspects on the quali-

quantitative characteristics of the environmental matrices interested by the danger. For each environmental matrix, a sensitivity 

scale was built to describe the characteristics of the receptor.  

Probability of the event represents the parameter on which enterprises show a greater capacity of incidence, and then is the 

most sensitive to the variations generated by the activities of continuous improvement of the firms’ performances.  As a 

consequence, this parameter has to be quantified with criteria of flexibility, by taking into account several aspects (evaluation 

of the Best Available Technologies, of legislative limits, of specific procedures adopted by enterprises, etc.). 

 

4.2.1.5. Relevance of the environmental aspects 

In this way, Relevance was quantified, and consequently it is possible to compare its numeric values to define a priority order 

in the assignation of resources for the improvement of firms’ performances. In practice, a significance sequence, or better a 

set of intervals, was established to separate the Relevance values into homogeneous groups on the basis of the priorities of 
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interventions. Furthermore, it is possible to decide the value corresponding to the lowest limit of significance, under which 

actions of intervention are not arranged. The significance sequence was applied to both the OS and the CS. The significance 

sequence adopted for the two variables, together with the indication of the lowest limit of significance, is shown in Table 8. 

Table 8. Division into intervals of the Relevance variable expressed as Operational Sustainability and Consumption 

Sustainability, and indication of the corresponding order of priority. 

Operational Sustainability Consumption Sustainability 

Intervals Order of priority Intervals Order of priority 

0 → 0.16 n.s. 0 → 0.9 n.s. 

0.16 → 1 1 0.9 → 1 1 

1 → 2 2 1→ 1.5 2 

2 → 3.5 3 1.5 → 2 3 

3.5 → 5 4 2→ 2.5 4 

> 5 5 > 2.5 5 

n.s.=not significant; 1=of little importance; 5=overriding 

The quantification of the significance sequence and of the lowest limit of significance are useful during the subsequent step 

of scenario definition. 

 

4.2.2. Scenario definition 

The calculation of Relevance and the corresponding definition of the significance sequence allow to indicate the environmental 

aspects with a “potential” merit of intervention. However, particularly in a contest of limited resources, it is necessary to 

evaluate the measures that can be “really” put in act. Therefore, the calculation of Relevance represents only a part of the 

necessary information to outline a planning that can be started by taking into consideration the reliable scenarios, the goals 

that can be achieved and the related use of resources. The consequent actions of environmental improvement can be focused 

either on the level of natural resources taken from the environment, or on the negative externalities generated by the industrial 

activities. Anyway, every action is evaluated on the basis of the related efficacy and efficiency, that is, of Environmental 

Incidence (EI) and of Cost Incidence (CI). This allows to put in light whether an action has the characteristics necessary for 

the implementation and to define a list of possible actions. Furthermore, it is possible to establish a limit over which the action 

can be considered as implementable, and under which it has not the characteristics to be put in act. Anyway, it is sufficient 

that only one of the two parameters (EI and CI) is not satisfied to block the implementation of the action. 

EI is represented by a percentage multiplied by the level of initial significance; in practice, efficacy of the action taken into 

account is established by quantifying how much the importance of an environmental aspect can be reduced by implementing 

the action itself, and by defining the level from which the reduction starts. CI is represented by a percentage; an action shows 

the cost characteristics to be efficiently implemented as the value gradually approaches 100%. 

In the choice of the action to be carried out, a District action has the priority with respect to an action relative to a single 

productive unit, coherently with the principles of an Ecologically Equipped Productive Area, which evaluate the strategies 

foreseeing a sharing of goals as priorities. 

 

4.2.3. Planning and perspective monitoring 
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The phases of Monitoring and Scenario definition give the informative basis for the activities of planning and perspective 

monitoring, which represent the punctual definition of the activities that enterprises have to realize to achieve the expected 

goals with the available resources. In particular, Planning means the phase starting from the actions identified by the Scenario 

definition, and gives the punctual characteristics to each of them. Perspective monitoring is the organisation of tools, activities, 

strategies and numeric values in order to compare the results of the implementation of actions with which Planning had defined. 

Therefore, planning and perspective monitoring are interdependent and allow to practically translate the chosen actions, by 

arranging the criteria for the evaluation of the actions themselves. 

The three phases just described, even if separated, are interconnected, and describe an iterative way that, at its conclusion, re-

starts from the obtained results, in the perspective of continuous improvement. 

 

4.2.4. Application of the methodology to the case study 

The described methodology was applied to the District in order to identify at an early stage, during the monitoring phase, the 

Relevance of environmental aspects towards the considered environmental matrices. EF of the District is shown in Table 9. 

Table 9. Ecological Footprint of the District. 

 2005 2015 

Indicators Footprint (gha) % Footprint (gha) % 

Energy consumption 27577.6 7.2 25770.4 2.6 

Wood consumption 330388.8 85.9 910991.6 91.0 

Transport of workers 10.7 0.0 8.78 0.0 

Paints and glues 9314.2 2.4 30736.9 3.1 

Plants and building materials 2092.8 0.5 2092.8 0.2 

Water consumption 0.01 0.0 0.05 0.0 

Waste 15331.7 4.0 31330.9 3.1 

Total 384715.8 100.0 1000931.4 100.0 

 

The most relevant aspect is the fact that consumption of wooden raw materials largely represented the main responsible of 

total EF of the District in both years considered.  

To calculate CC of the District, we employed the data relative to soil consumption (Table 10) elaborated by ARPA FVG for 

the Friuli Venezia Giulia region (Consorzio del Mobile Livenza, 2006). 

Table 10. Soil consumption in the municipalities of the District (ha). 

Municipality Artificially 

shaped areas 

Agricultural 

areas 

Woodland areas and half-

natural environments 

Humid 

areas 

Water 

bodies 

Azzano Decimo 820.38 4060.65 188.39  65.55 

Brugnera 754.53 2104.92 39.49  22.23 

Budoia 201.66 935.57 2638.07  0.00 

Caneva 480.90 1396.95 2290.41  16.34 

Chions 363.79 2704.37 265.38  15.55 

Fontanafredda 787.67 3660.31 151.89 4.57 8.71 

Pasiano di Pordenone 562.59 3795.96 131.38  65.17 
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Polcenigo 240.48 1047.92 3652.68  1.52 

Prata di Pordenone 528.34 1691.81 14.12  54.47 

Pravisdomini 222.16 1284.56 102.03  0.00 

Sacile 925.81 2210.00 71.80  51.59 

Total 5888.31 24893.02 9545.64 4.57 301.23 

 

CC of a territory can be calculated according to the formula 

CC=Σ(A*Equivalence Factor*Yield Factor) 

where A represents the area considered. Equivalence Factors and Yield Factors are calculated annually by Global Footprint 

Network, but their utilization requires the payment of a fee. Therefore, to estimate CC in the case considered, values (reported 

in Table 11) from literature sources were used, which approximated at the best extent the informative need (Global Footprint 

Network, 2010; Scotti, 2009) yielding the data reported in Table 12. 

Table 11. Equivalence Factors and Yield Factors per area type, according to National Footprint Accounts, 2010 and Scotti, 

2009. 

Area type Equivalence Factors (gha/ha) Yield Factors (gha/ha) 

Artificially shaped areas 2.51 1.5 

Agricultural areas 2.51 1.5 

Woodland areas and half-

natural environments 

1.26 1.3 

Humid areas 1.08 0.9 

Water bodies 0.37 0.8 

 

Table 12. CC of the District territory (gha). 

Municipality Artificially 

shaped areas 
Agricultural 

areas 
Woodland areas 

and half-natural 

environments 

Humid 

areas 
Water 

bodies 
Total 

Azzano Decimo 3088.73 15288.35 308.58  19.40 18705.1 

Brugnera 2840.81 7925.03 64.69  6.61 10837.1 

Budoia 759.26 3522.42 4321.16  0.00 8602.8 

Caneva 1810.59 5259.51 3751.70  4.84 10826.6 

Chions 1369.67 10181.96 434.69  4.60 11990.9 

Fontanafredda 2965.58 13781.07 248.79 4.45 2.58 17002.5 

Pasiano di 

Pordenone 
2118.15 14291.79 215.20  19.29 16664.4 

Polcenigo 905.40 3945.42 5983.09  0.45 10834.4 

Prata di 

Pordenone 
1989.20 6369.66 23.13  16.12 8398.9 

Pravisdomini 836.43 4836.38 167.13  0.00 5839.9 

Sacile 3485.67 8320.65 117.61  15.27 11939.2 

Total 22169.49 93722.22 15635.76 4.45 89.17 131621.6 

 

Finally, the calculation was corrected, since CC at a global level has to be reduced by 12%, to subtract an area necessary to 

the maintainment of ecosystem diversity and healthiness, and consequently not submittable to human needs and activities 

(Wackernagel and Rees, 1996, Wackernagel and Rees, 2008). The application of such correction to the District territory 

reduced CC to the value of 115827.0 gha. 
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The comparison between EF and CC put in light that EF is much greater than CC of the territory. In fact, the ratio between the 

two indicators showed a value greater than 3 in 2005 and greater than 8 in 2015. Therefore, reduction of the EF of the District 

activities seems a proper action of political, economic and environmental planning. However, significant Relevance conditions 

were found only in the case of air and soil matrices.  Moving to the phase of scenario definition, EI and CI of possible actions 

were evaluated to set a ranking of priorities. In Table 13, possible identified actions, and environmental aspects that could be 

improved as a result of the implementation of the actions themselves, are presented. 

Table 13. Possible actions and related environmental aspects that could be improved in the District. 

Actions Environmental aspects 

Covering of car parks by photovoltaic panels Replacing conventional energy sources with renewable 

energy 

Carsharing among companies  Reduction of carbon dioxide emissions  

Creation of a consortium for recovery of wooden residues 

as panels 

Reduction of consumption of wooden raw material and 

of carbon dioxide emissions 

Varnishing automation in small companies and use of 

water based paints 

Reduction of emissions of volatile organic solvents  

Recovery of disused production plants  Reduction of soil consumption  

Relamping Reduction of energy consumption  

 

4.2.5.  Some proposals for improving EF of the Livenza district 

Two actions proved to be overriding to reduce the EF of the District and to employ the best available practices, in line with 

the definition of eco-innovation (Rennings, 2000). Regarding the air matrix, the action that could be implemented is 

technological improvement in manual varnishing and use of water paintings, in order to reduce atmospheric emissions of 

volatile organic compounds. Technological improvement is represented mainly by a modern system of manual painting and 

the use of the carousel, a specific tool for painting. Regarding soil consumption criticality, the most effective action that could 

be implemented is the recovery of disused production plants. 

Other actions were identified, as well. 

Use of certified wood. Several species of wood are employed by the enterprises of the Livenza furniture district: pine, red fir, 

toulipier, beech, ayous, oak and cherry are the most used. In 2005, 111,010 tons of wood were consumed, while 381,333.5 

tons in 2015. Because of their provenience, the management of some woods presents criticalities (Greenpeace, 2016). 

Sustainable forest management is the goal of the European Forest Action Plan (2007-2011), balancing the three dimensions of 

sustainability. Even if, at present, about 40% of the firms of the district exploits certified wood coming from forests managed 

in a sustainable way (Bianco, 2016), the situation could be improved further on. 

Sustainable workers’ mobility. Even if the transport of employees has a small “weight” on the district EF (10.7 gha in 2005, 

8.78 gha in 2015), it is possible to improve this aspect. Most workers use their private cars to reach the workplaces, and 

workers’ habits can be hardly changed. Possibly, a modern an efficient bus service, for workers’ transport, could be arranged. 

Alternatively, the building of car parkings, with the roofs covered by photovoltaic panels, could be the easier solution to be 

adopted. Furthermore, a future integration between photovoltaic panels and electric vehicles could reduce carbon footprint 

(Brenna et al., 2014) and consequently EF (Dias de Oliveira et al., 2005). Otherwise, sustainability of transportation could be 

improved by car sharing; this modern system of transport could positively affect not only environmental conditions, but also 

traffic, allowing a reduction in the number of accidents, and improving social relations among people. Anyway, the figure of 

Mobility Manager will suggest the advantages and the opportunities deriving from every strategy to be adopted. 
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Burning of wood waste. One of the possible initiative for reducing EF of the District is represented by the construction of a 

co-generation plant, which could burn the wood waste coming from at least part of the District enterprises. Some years ago, 

such a project was taken into consideration, but not realized, because of concerns for environmental and human health 

problems, and lack of cooperation among the enterprises of the District (Bianco, 2016). Currently, small incineration plants, 

burning the scraps of the production of single enterprises, are present in the District; they allow production of hot water for 

internal use by the firms themselves (ARPA, 2017). However, the combustion of wood waste of the furniture activities can 

give problems owing to possible contaminations by organic solvents, adhesives and paints (Khalfi et al., 2000; Lavric et al., 

2004; ARPAV and Provincia di Treviso, 2012). 

The most interesting perspective is represented by the construction of a co-generation plant for the production of electric 

energy and heat, by using wood waste coming from the district activities and biomasses produced as by-products by 

agricultural and zoo-technical farms of the territory. In 2007, the Ministero delle Politiche Agricole, Alimentari e Forestali 

(Ministry of Agricultural, Food and Forestry Policies) issued a number of decrees which fixed the incentives payable for the 

production of energy from biomasses in Italy (e.A.PR.a.L., 2014). At the regional level, an example of virtuous region is 

represented by Emilia Romagna (LEAP, 2008). The Regional Law No 39 of 28 December 1999 already envisaged a measure, 

included in 2000-2006 regional Rural Development Plan, which provided for economic benefits to make electricity and/or 

heat generation plants fed by vegetable matrices derived from crops. Incentives were strengthened in the programming period 

2007-2013 (Marangon and Jodice, 2008). 

Production of wood panels. As an alternative to thermoexploitation, another possibility is represented by the building up, inside 

the District area, of a plant for the production of wood panels by employing wood waste of previous workings, in the 

perspective of circular economy. 

 

5. Conclusions 

In 2006, the Livenza furniture district was the first Italian industrial district that obtained the EMAS registration. In 2015, the 

Territorial Environmental Analysis was deeply revised in view of the renewal of the recognition, which was obtained by the 

District in 2016. More specifically, EF was calculated to quantify the environmental impacts of the District, and then compared 

with the corresponding CC. In this way, it was possible to put in light that EF is much greater than CC of the territory. Some 

possible actions which could be implemented to reduce EF were indicated, and their possibility to be carried out was taken 

into account both from the technical and from the economic points of view. Finally, the methodology proposed could be 

applied also to other industrial districts with a different production with respect to that of the Livenza one, with the aim of 

improving the environmental performances of the enterprises, in line with the principles of sustainable development. 
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Abstract 

The UNEP Guidelines for Social Life Cycle Assessment (Benoît et al. 2009.p.100), define 
Social Life Cycle Assessment as: “a social impact assessment technique that aims to assess 
the social and socio-economic aspects of products and their positive and negative impacts 
along their life cycle”. Di Cesare et al. (2016) and Petti et al. (2014) provide reviews of 
publications including positive impacts, all of which are very recent, and Ekener-Petersen et 
al. (2016) provide an extensive discussion on the implications. The UNEP guidelines also 
state: “An externality occurs when a decision within the value chain imposes costs or 
benefits on others which are not reflected in the prices charged for the goods and services 
being provided by the value chain”, and: “Until now, no commonly accepted methodology 
for assessing internalities and externalities of the production of goods and services for 
“people” and “profit/prosperity” was available. That is precisely what the tool presented in 
these Guidelines wants to deliver”. Although some authors state that only those positive 
impacts may be included above compliance to legal or other standards, a limitation to 
externalities does not seem to be a systematic criterion for inclusion of a positive impact. 
Actually, there seem to be few systematic criteria for what to include and what not. Also 
Ekener-Petersen et al. (2016), the only available discussion of the implications of assessing 
positive impacts in Life Cycle Assessment, do not systematically discuss the ethics and 
consequences of inclusion of positive impacts, assess these against the onderlying 
objectives of Life Cycle Assessment or propose criteria for inclusion of positives. The 
objective of this paper is to propose a set of criteria for inclusion of positive impacts in Life 
Cycle Assessment and Social Life Cycle Assessment. Using the existing literature, guided by 
the reviews by Di Cesare et al. (2016), Petti et al. (2014) and Ekener-Petersen et al. (2016), 
we listed and assessed shortcomings, inconsistances and potential problems of inclusion 
positive impacts for the various mentioned categories and subcategories of aspects. The 
ethical and practical issues, potential consequences and challenges involved in including 
positives in Life Cycle Assessment and especially Social Life Cycle Assessment, are 
systematically discussed. Based on this assessment, we propose a set of criteria for the 
assessment of positive impacts in Life Cycle Assessment. The implications of using these 
criteria are discussed and examples given of concrete positive aspects and activities, 
complying to these criteria. 
 

Keywords: LCA; S-LCA; positive impacts; externalities 
 

1. Introduction  
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The UNEP Guidelines for S-LCA (Benoît et al. 2009.p.100), define S-LCA as: “a social impact 
assessment technique that aims to assess the social and socio-economic aspects of products and 
their positive and negative impacts along their life cycle”. Di Cesare et al. (2016) and Petti et al. 
(2014) provide reviews of publications including positive impacts, all of which are very recent, and 
Ekener-Petersen et al. (2016) provide an extensive discussion on the implications. The UNEP 
guidelines also state: “An externality occurs when a decision within the value chain imposes costs or 
benefits on others which are not reflected in the prices charged for the goods and services being 
provided by the value chain”, and “Until now, no commonly accepted methodology for assessing 
internalities and externalities of the production of goods and services for “people” and 
“profit/prosperity” was available. That is precisely what the tool presented in these guidelines wants 
to deliver”. It is not clear if or how the guidelines intended to include both internalities and 
externalities for positive impacts. To date, the major body of LCA’s assesses negative externalities. 
Naturally, industry prefers positives that can be used as marketing tools and may find support in the 
argument by Di Cesare et al. (2016) that “maximizing positive results might be more important than 
minimizing the damage originating from negative impacts”. However, if positives are included in 
LCA, there is a great risk that such arguments will be used to justify business as usual, greenwashing 
and reliance on technological solutions and even that the credibility of LCA is jeopardized. At the 
Shine “net positive” conference in Boston (Shine 2017), companies in the tourist business presented 
their positive labor conditions, but did not mention that most of their customers need air transport. 
In literature, articles appear, scientifically correct, but the ethics of which must really be questioned 
(see the results section). Also Ekener-Petersen et al. (2016), in their discussion of the implications of 
assessing positives in LCA, do not systematically discuss the ethics and consequences of inclusion of 
positives in LCA’s, assess these against the onderlying objectives of LCA or propose criteria for 
inclusion of positives. Although the Guidelines state that only those positive impacts beyond 
compliance to legal or other standards may be included, this limitation and the Guidelines’ 
distinction between internalities and externalities do not seem to be systematic criteria for inclusion 
of a positive impact. Actually, there seem to be few systematic criteria for which positive impacts to 
include and which not. In the following the words “positives” and “negatives” refer to products and 
activities in LCA perspective. The objective of this paper is to assess the challenges of including 
positive impacts in LCA in general and S-LCA in particular and to propose a set of criteria for their 
inclusion. 

2. Methods 

Recently, three reviews were published on the assessment of positive impacts: (Di Cesare et al. 
2016; Petti et al. 2014; Ekener-Petersen et al. 2016). We checked for later publications by following 
their citings in Google Scholar and by searching for “positive impact” and “LCA” or “Life Cycle 
Assessment” in Google Scholar and Scopus, but found none. Therefore we considered these three 
reviews complete for our goal. In our results section, part 1, using the existing literature, guided by 
these three reviews, but also by our own experience, we assessed and listed challenges, 
inconsistances and potential problems of inclusion positive impacts for the various mentioned 
categories and subcategories of aspects. For our assessment we used both ethical and practical 
considerations. In addition, we assessed if existing goals, standards and interpretations are clear, 
lead to usefull information, and if they can be misused, e.g. for greenwashing. Because a consistent 
standard of guideline is lacking, and that gap is exactly what this paper wants to address, we used 
our own logic and present it as a “discussion paper”. Based on this assessment, we propose a set of 
criteria for the assessment of positive impacts in LCA in general and S-LCA in particular in the results 
section, part 2. 

3. Results and Discussion 

Results Part 1. Challenges of inclusion of positive impacts in LCA. 
In their article “Does the Production of an Airbag Injure more people than the airbag saves in 
traffic?”, Baumann et al. (2013), already in their title, compare the saved injuries to users of airbags 
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with the inflicted injuries in the supply chain. Although we recognize that both these individual 
positive and negative impacts are relevant, there are serious ethical objections against comparison 
of negative impacts to one stakeholder group with the benefits for another group in S-LCA. By 
definition, all marketed products, and therefore all involved activities in the supply chain have some 
positive effect, expressed by their market value. The goal of LCA is to support decisions into the 
direction of improvements, but the underlying intention, at least in E-LCA, is to help decision makers 
reduce negative impacts to zero, especially to other stakeholders than the supply chain actors 
themselves. There cannot be any justification for saving one’s life at the expense of another. In 
addition, in a broader perspective, such comparison does not make sense. Without food production, 
the total global population would die. Also other industry sectors, like pharmacy, plastics, energy, 
construction, communication and transport could easily argue that their products have positive and 
even lifesaving impacts on human wellbeing. Di Cesare et al. (2016) state that “maximizing positive 
results might be more important than minimizing the damage originating from negative impacts”. It 
is indeed undeniable that modern agriculture and industry improved human wellbeing, reduced 
famine and epidemics. But they also caused environmental and social issues, severe enough to 
exceed tipping points in earth- or human resilience which could destroy much of the accomplished. 
Mankind has arrived at the challenge of achieving the same for all, without compromising the ability 
of any stakeholder groups to meet their needs and to consumption patterns without negatives.  
One basic difference between positives and negatives is that positives are usually far better known 
than negatives. Because the goal of LCA is to fill this information gap for decision makers, and not to 
become a marketing tool for already known positives, in our opinion, the LCA scientific community 
should be very cautious with inclusion of positives in LCA, and set criteria. 
 
Current literature is not very specific in defining criteria for positive impacts, using terms like: 
 

 “Negatives are “burdening”; positives are “unburdening”” (Kravanja & Cucek 2017), in our 
opinion a vague, but potentially valuable and necessary criterion describing a change in ability or 
capacity, this way answering well to the term “ability to meet needs” in the Brundtland 
declaration. 

 “Providing a win-win situation” (Petti et al. 2014; UNDP 2015; Di Cesare et al. 2016). This 
may in practice be a confusing criterion, because, by definition, any economic 
transaction is a win-win situation. 

 “Contributing to countries’ improvement in Sustainability Development Goals (SDG’s)” 
(Di Cesare et al. 2016; Benoît et al. 2009), a suggestion to be followed, because it gives 
direction to where mankind should go. 

 “Social improvements related to a previous situation, but beyond compliance (Petti et 
al. 2014)”. This statement is insufficient because it includes improvement by reducing 
negatives, which are the primary subjects of LCA. 

 
Petti et al. (2014) showed that there is no shared definition of positive social impacts as part of the 
S-LCA methodology. Considering all other points discussed here, this lack means that to date, S-LCA’s 
could be easily misused and misinterpreted and there is a real danger that poorly defined positives 
makes S-LCA vulnerable to creative marketing and greenwashing. However, in trying to become 
more specific in what may be characterized as positive, we encountered various issues to be 
considered. Therefore, we will now more systematically discuss the issues and challenges of 
inclusion of positives in LCA in general and S-LCA in particular. 
 

1. Externalities – internalities. 
Externalities are consequences that are not included in the product’s price. Negative 
externalities are abundant and often hidden. One could even argue that one of the major 
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shortcomings of the current economy is that it favors those players that are best in 
transferring hidden costs to external parties. Negatives may affect both those involved and 
not involved in the economic transaction. To date, negatives are the primary subjects of life 
cycle assessments. Positives have a totally different nature. Contrary to negatives, only 
beneficial impacts to others than involved in the economic transaction, can be characterized 
as positives. Literally taken, any commercial activity leading to a product is an internality 
because the consumer pays for its benefit, with the consequence that inclusion of positives 
in LCA would result in a kind of double counting, which should be avoided in LCA, according 
to ISO 14044 (ISO 2006, p.19). Positives are far less hidden than negatives, because 
companies don’t tend to hide these and often emphasize these in their marketing. And 
when a LCA uncovers a hidden benefit, thereafter advertising it, would theoretically make it 
an internality. Disadvantage of this point of view is of course, that it counteracts advertising 
that could accelerate the development of positives. Characterizing aspects as internalities or 
externalities is not always easy. For instance, the aspect of community education is an 
externality for a mining company, but an internality for a paid private school. Paying a fair 
wage to a cocoa farmer in Ivory Coast is not an externality, but helping him to sustainably 
raise his quality and yield, described by (Porter & Kramer 2011) as a “shared value” to a 
much higher level (positive), is. 
 

2. Absence of a negative impact  
S-LCA scholars agree that absence of a negative should never be a positive (Petti et al. 
2014). If the negatives are properly assessed, there is no need for putting another value on 
their absence. In addition, positives are not always easy to distinguish from absence of 
negatives. For instance, how to distinguish between the suggested (Di Cesare et al. 2016) 
positive  aspect of a healthy building environment from absence of issues like weak 
structures, noise, bad ventilation of light, proper maintenance and fire prevention. This 
requirement for LCA’s distinguishes it from economic concepts of positives. For instance 
Porter & Kramer, in their concept of “shared value”, describes many examples of shared 
value which actually are absence of negatives (Porter & Kramer 2011). 
 

3. Temporal scope. 
For both positives and negatives, certainty decreases with the temporal scope. Long term 
negative impacts of short term positives are often overlooked or underestimated, and 
sometimes even the long term positives. One incident or one thought may change and 
regularly has changed the course of history. Many new technologies exist from positive 
opportunities, but later develop serious negative consequences. Fossil fuels were at the 
source of the industrial revolution, but much later also of climate change. The internet 
provided world changing communication opportunities, but later also internet criminality, 
terror and fake news. Therefore, before characterizing something as positive, as much as 
possible, also its long term effects should be assessed. S-LCA should be based on 
performance reference points that preferably are based on legislation, international 
standards or the sustainable development goals. These usually are based on scientific 
knowledge on the long term impacts of for instance child labor or poor working conditions. 
But desperate victimized workers and communities themselves often have short term 
needs, that make them accept issues like child labor, e.g. (Dewulf et al. 2013). In addition, 
the victims don’t always know the long term effects of the aspects that are burdening on 
them. S-LCA scholars may find themselves in a dilemma between adhering to international 
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and western standards, and lowering standards for low income countries. In the first case, 
LCA may be accused of patronizing and unfit for low income countries, and in the second 
case of inconsistency. 
 

4. Different affected stakeholder groups. 
In the introduction we already mentioned the ethical issue of comparing positive impacts 
for one stakeholder group with negatives for another. Questions arise like: “Do the interests 
of the many outweigh those of the few”; “do the interests of the rich outweigh those of the 
poor, or the interests of shareholders those of the workers”? “Do social positives outweigh 
environmental negatives, or the reverse”? “May improvement in the working conditions in a 
coal mine with great effect on climate change, be considered as positives”? The concept of 
sustainability is defined by the Brundtland statement: “Sustainable development meets the 
needs of the present without compromising the ability of future generations to meet their 
own needs” (United Nations World Commission on Environment and Development 1987). In 
our opinion, for LCA purposes, this statement should be complemented to: “Sustainable 
activities meet the needs of one stakeholder group without compromising the ability of 
other stakeholder groups, including future generations, to meet their needs”. The 
Brundtland statement however, raises some more questions: 

 What is a “need”? Is that for instance an income enough for food and housing, or for full 
ability to share healthy and social life conditions? 

 Should we interpret “without compromising the ability of other stakeholder groups” for 
each single aspect separately, or may we compensate one with another? For instance, is 
it positive to buy cheap Chinese products at the expense of the health of workers, 
trusting the longer term improvements in China by its increasing wealth? 

In our opinion, international standards should be used as PRP’s and if those are not 
available, we propose to use the performance on an aspect set by the methods of the 20% 
best performers (mostly countries). Ekener-Petersen et al. (2016) consider the ethical aspect 
of different effects as a scientific challenge that may be solved e.g. by weighting methods, 
where we choose for not comparing or aggregating positives and negatives at any chance 
that different stakeholder groups are affected. 
 

5. Payments for Sustainability. 
For environmental aspects, Payment for Ecosystem Services (PES) is questionable if impacts 
are local. PES is based on the “beneficiary principle” in contrast to the “polluter pays 
principle” (UNDP 2015). The idea is to compensate where damage cannot be self-avoided. 
For environmental aspects, PES as a positive may be an option, because indeed, the impact 
cannot always be avoided (e.g. land use for agriculture), however, not if impacts are only 
local, because then again a negative for one stakeholder is compared with a positive for 
another. In our opinion, a PES like system for social aspects is a no-go, because negative 
impacts to one stakeholder cannot be compensated by doing good to another. For 
prosperity aspects such system would enable whitewashing, because PES includes payments 
to others than the harmed (see point 4), and therefore also is a no-go. 
  

6. Maintenance or capacity raising? 
Various authors argue that if the “capacity” is not raised by an activity, its positive character 
is questionable, e.g. (Benoît et al. 2009; Petti et al. 2016; Garrabé et al. 2014; Ekener-
Petersen et al. 2016). In our opinion, this means that only capacity raising activities can be 
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considered positives and not maintaining of an aspect at the same level. Two related 
questions about maintenance should be considered. First: Should a positive be sustainable? 
And second: Can maintaining a beneficiary aspect at the same level be a positive in LCA?  
The answer on the former question is rather easy. An improvement does not make sense if 
it is not maintained. For instance, planted trees for a PES project (see point 5) cannot be 
considered positive without long term protection of the planted forest, because of the long 
term risk that the investment will be in vain. But also the latter question should in our 
opinion be answered “no”. A good example is education. Without a certain level of 
education, the capacity or education capital of a country decreases. Without maintenance it 
will be lost by pensioning and death of people, and cannot be considered a positive. Others 
however, may use the same argument that without maintenance things will deteriorate, 
and therefore consider maintenance as a positive. We oppose the latter reasoning for two 
reasons: 1. Lack of maintenance” should be assessed a negative, just like it would be 
considering occupational health and safety aspects in industry. 2. Maintenance as a positive 
would create a far too big and common positive. Difficult in the assessment of positives will 
be to determine which part of an activity is maintenance and which part capacity raising. 
The same difficulty applies for instance to R&D activities on environmental or social 
improvements, where often a part of the activities is for maintenance or efficiency 
purposes. We stress this point of maintenance because if positives are included in LCA, very 
easily business as usual, maintaining a certain status, is characterized as positive, this way 
undermining the credibility of Life Cycle Assessment. 
 

7. Rebound and backfiring effects. 
Often a product becomes so positive that it causes rebound effects. E.g. booking websites 
bring tourism and income, but upon success, also disruption of the character, infrastructure 
and livability of complete towns. Above, the issue of different impacts to different 
stakeholder groups was discussed. But positives may even backfire at the supposedly 
advantaged group itself. For instance, cheap products are favorable for the poor in high 
income countries, but poverty in producing low income countries causes migration and at 
least perceived competition and increased poverty to the seemingly advantaged 
stakeholder group. 
 

8. Employment a positive?  
To date, the most commonly used positive in S-LCA studies is local employment (Petti et al. 
2016; Ekener-Petersen et al. 2016). One may seriously question if employment at sub-living 
wages, or favoring privileged groups because of corruption, may be called a positive or 
negative impact. In addition, the gained employment may be at the expense of a more 
responsible employer or, in the international context, of another country. The global labor 
share is little over 50% of the global product (ILO 2016). That means that if all employment 
would count as a positive, a huge positive would be created, with the danger to be used for 
compensating and justifying negatives. Most employment is maintenance of business as 
usual and distinguishing what employment would raise a regions capacity and what not, 
seems impossible. And last, in a healthy economy, loss of employment in one sector is 
usually compensated by growth in another sector. If employment would be characterized as 
positive, it should, in our opinion, at least comply with the following criteria: 

 The country or region has a (far) below-average employment ratio. 
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 The employment is long term and the involved companies/industry sectors have no 
history of short term displacements. 

 The involved country has a low corruption perception index. 

 The fair minimum wage (Croes & Vermeulen 2016) is paid to all employees and the 
country has an almost zero child labor percentage.  

 Occupational Health and Safety conditions and -legislation are at high standards. 
In practice this would mean that employment would seldom be positive in low income 
countries, which is opposite to the reason of including positives in LCA (Benoît et al. 2009). 
The same applies to wages, which are also frequently mentioned as possible positives (Di 
Cesare et al. 2016; Benoît et al. 2009; Jørgensen et al. 2010; Ekener-Petersen et al. 2016; 
Petti et al. 2014). Because of all these reasons, we recommend not to characterize 
employment and wages as such a positive in S-LCA, without other criteria. 
 

9. Utility of products 
Various papers (Valdivia et al. 2012; Baumann et al. 2013; Ekener-Petersen and Moberg 
2013; Wilhelm et al. 2015) consider the utility of goods as a positive impact. We already 
discussed our concerns about the case of the Baumann airbags. But on the other side, the 
airbag was especially developed for a positive utility, that needs appreciation, just like 
windmills, solar panels, medicines and food. Two types of users need to be distinguished: 
Businesses and consumers. In business applications the utility is appreciated by mitigating 
the negative impacts in the downstream supply chain. The effects will appear by less 
negatives in LCA’s of these downstream products. For consumer utilities, we stick to our 
opinion that these are usually paid for and, as internality, should not be part of a S-LCA. That 
only leaves products or activities with a hidden (external) positive impacts for assessment as 
positive. An example for such positive is the activity of development and installing of 
unburdening internalities, such as of windmills and recycling technology, but not the use of 
these. As argued above, only the capacity raising activity is a positive. By definition, the 
positive impact of products is automatically valued by their market price. Unfortunately, 
many of the hidden negatives are not. And unfortunately, there is no way to objectively 
weight the importance of the impact of different aspects, negative or positive. Even 
democracy is an insufficient weighting instrument, because future generations have no vote 
and short term interests predominate. Even the LCA guidelines admit that the inclusion of 
positives was influenced by negative perceptions  of low income countries considering LCA 
as “anti-development” and insufficiently addressing their most significant short term 
problems like poverty, unemployment, accidents and other immediate issues (Benoît et al. 
2009, p.18). But on the other side, just like the market does not value the hidden negatives, 
it does not value all positives enough to achieve the balance of human wellbeing for all, 
which in principle the “invisible hand” of (Smith 1776) should do. Therefore, in our opinion, 
inclusion of positives in LCA could be helpful, but for a credible LCA, a way must be found to 
as much as possible to overcome the above described issues and to develop criteria for 
positives in LCA. 
 
Results, part 2: A first proposal of criteria for positives to be included in S-LCA. 
Combining all these issues and considerations, we will propose a set of core criteria for 
aspects that can be characterized as positive in LCA in general and S-LCA in particular and 
hope to open a discussion on these. Thereafter, we will give list of examples of concrete 
activities and products that, based on these criteria, could be characterized as positives. 
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Proposed core criteria for positives included in a S-LCA.  
1. Both positives and negatives must provide decision makers with useful information, suitable for 

making choices with the most favorable social consequences (Traverso et al. 2012). 
2. Positives must be externalities, affecting stakeholders outside the transaction of the end-

product. However, 
a. Beneficial activities that do not relate to the product/transaction, are positives. 
b. Advertising a positive makes it an internality that cannot be included in LCA. 

Disadvantage of this point is of course that lack of advertising may slow down progress. 
Therefore we suggest to exempt advertising certificates and other recognized and 
independently verified labels on sustainability aspects.  

c. R&D activities for environmental or social improvements are positives, but only if the 
envisioned results are beneficial also to others than than only those involved in the 
economic transaction. 

d. Products which’ utility is (almost) exclusively unburdening, are positives. The capacity 
raising investments are positives; not the use of the utility itself. 

3. Positives cannot be absence of negatives.  
4. Positive are activities or products, sustainably raising the capacity of a stakeholder group to 

meet their needs. 
a. Positives must go beyond compliance stipulated by laws, international agreements and 

certification standards (Benoît et al. 2009). 
b. Positives must raise the capacity of a stakeholder group to advance on one or more of 

the Sustainable Development Goals. 
c. Positives must be sustainable and maintaining the achieved capacity at the higher level. 

5. Positives to one stakeholder group may not compromise the ability of other (including future-) 
stakeholder groups to meet their needs. Potential rebound- and backfire effects on the favored 
stakeholder group must be assessed and taken into account. 

6. No aspect or impact can be a positive that is general to a great number of products or 
activities, or necessary for maintaining an aspect on a certain level, e.g. employment. A 
positive is only the demonstrable better part than average. We would even prefer a 
comparison with the top 20% performers. 

7. A service by a commercial body is only a positive if the activity is not a natural obligation 
of a government, rich enough to provide it (e.g. provision of clean water). We propose 
to limit positives based on such services to the 20% poorest countries. 

8. No positives can be allocated for activities or products that have very negative impact 
other aspects and for which no significant improvements can be demonstrated. 
 

Based on these core criteria, we will now list some activities, that we propose as positives, 
including those that are mentioned in literature and the Sustainable Development Goals 
(SDG’s), but excluding SDG’s that commonly are governmental- instead of industry 
responsibilities. Also excluded are aspects that are made by absence of negatives. 

 
Examples of positive products and activities (for both E-LCA and S-LCA) 
 
E-LCA 
1. Recycling of old waste (not of current waste, because that would be “absence of negatives” 

(SDG-11,12). 
2. Recovery or restoration of old, previously caused damage (SDG-11,12). 
3. R&D, investment and installation for impact mitigating products or technology (SDG -6,7,9,13), 

but only if:  
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a. The technology is especially designed for the impact mitigating purpose. 
b. Best 20% mitigating performance on the aspect in the market can be demonstrated. 

The development and investment of sustainable capturing of CO2 or other GHG’s would be a 
positive. The capturing itself would also be a positive if taken from the atmosphere, but not if 
used for prevention of industrial emissions, because that would be “absence of negatives”. 

4. Restauration and/or long term protection of natural ecosystems, or upgrading of soil- or water 
systems (SDG -14,15). 

5. Under-average land use in agriculture (SDG -15). 
6. Under cost price provided beneficial by-products (e.g. heat from a chemical company, used for 

municipal heating), sustainably mitigating impacts (SDG -12,13,14,15). 

7. Payments for ecosystem services (UNDP 2015) and of enviromental taxes. 
 
S-LCA 
1. Poverty reducing activities by capacity/ability improving means (e.g. micro-credits) or by 

other means, or hunger relief in the 20% lowest income countries (SDG -1,2). 
2. Healthcare (Srinivasan et al. 2003; Ekener-Petersen et al. 2016) (SDG -3), other than for inflicted 

harm in the supply chain. 

3. Capacity building, e.g. education and training in the community, either intern or extern 
(excluding “on the job”) (Ekener-Petersen et al. 2016) (SDG -4). 

4. Helping underdeveloped actors to sustainably raise quality, yields or sustainability 
(Various SDG’s).  

5. Reducing gender inequality and empowerment of woman and girls (SDG -5). 
6. Improving water safety and availability in the 20% lowest income countries (SDG-6). 
7. Employment, but only in the 20% lowest income countries and if the fair wage (Croes & 

Vermeulen 2016) and good occupational health and safety can be demonstrated (SDG -
8). 

8. Employing of people with distance to the labor market by a mental or physical handicap 
(SDG -8,10). 

9. Public infrastructures/protection/governance against natural disasters (Brouwer and 
Van Ek 2004; Ekener-Petersen et al. 2016) (SDG -9). 

10. Donations to recognized and effective NGO’s, excluding political entities (SDG-17). 
11. Providing beneficial products below cost price, e.g. medicines for the underprivileged (SDG-1). 
12. Emergency relief, at the disposal of the community (SDG-3,11). 
13. Protection of cultural heritage and indigenous peoples and stimulation of cultural activities that 

do not harm sustainability (SDG-11). 
14. Sustainable contributions to the local community (infrastructure, nature, sponsoring, cleaning, 

sport (Schulenkorf and Edwards (2012), art and other cultural aspects (Belfiore and Bennett 
2007; Archer et al. 2005) (SDG-11,17).  

 
Discussion 
Any industry would like scientific recognition, proof and attention about its positive contributions. 
Therefore, Inclusion of positives in LCA may help to get LCA accepted and exercised by industry. 
However, this expected eagerness also presents a great risk. By nature, industry focusses on unique 
selling points, and getting the opportunity, may more focus on maximizing positives and on 
minimizing the negatives. Without rules on how and when to assess positives, LCA may be used for 
greenwashing and become a wild medium of seemingly scientific marketing arguments and 
justifications of negatives. In the scientific LCA community, there seems to be a lack of awareness of 
the implications and dangers of inclusion of positives in LCA, which is the reason of presenting this 
discussion paper and of proposing criteria for inclusion of positives. Our assessment, proposed 
criteria and examples show that it is difficult to make direct money from products and activities that 
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could result in a positive LCA. However, our proposals give room for positive assessments for R&D, 
restoration, urban mining, efficient land use, protection of ecosystems and cultural heritage, health 
care, aid and various other activities in low income countries. In our opinion, by adhering to the 
underlying objectives of LCA and therefore to a coherent set of criteria for the inclusion of 
assessment of positive impacts, enables assessment of positives in LCA without endangering its 
credibility. Intentionally not discussed in this paper was how to assess and quantify the positives, 
leaving that to the LCA- and S-LCA scientific communities. The proposed criteria probably are 
applicable to all LCA methods, but the assessment methods heavily depend on the specific LCA 
methods. Therefore, some words on these assessment methods are necessary. Mainstream LCA 
assesses aspects by their impact. The authors of this paper however, represent a method of 
assessment by preventative costs. One core difference between these two methods is that 
measurement of both positives and negatives by impact is complex and often not certain, where in 
preventative costs based LCA the negatives are measured by the costs of preventing an issue and 
positives by the costs necessary to realize these positives. An important aspect of preventative costs 
based LCA considering positives and negatives, is that all aspects are fully aggregable. In 
preventative costs based LCA, two systems can be distinguished: The EcoCost system (Vogtländer et 
al. 2000) and the Oiconomy system (Croes & Vermeulen 2015). The EcoCost system is a conventional 
LCA system, top-down assessing the supply chain. The Oiconomy system is a system, bottom-up 
transferring foreground data through the supply chain by means of a measuring standard and 
certification. In the Oiconomy system positives are quantified, simply by the spent money on 
positives in the supply chain. 

4. Conclusions 

This study demonstrates several serious ethical and practical issues to consider before 
including positives in LCA and especially S-LCA. Based on these issues and challenges, a set 
of core-criteria for inclusion of positives were proposed and examples given of activities and 
products that could be characterized as positives. Our goal is to open a discussion on setting 
criteria for inclusion of positives in LCA. An especially difficult question is how strictly to 
interpret the concept of “externalities and internalities”. We demonstrated good reasons 
why positive internalities should not become part of LCA’s. But with a strict interpretation, 
any positive activity by a commercial supply chain actor is paid for, and therefore an 
internality. However, because maximizing the positives may have greater effect than 
minimizing the negatives, total exclusion of positives in LCA would also not suit a system 
with the goal to assist supply chain actors towards sustainability. Another important 
question is how to deal with the regularly mentioned requirement of a “capacity raising” 
impact, indicating that a positive should bring an aspect to a higher level. We showed the 
importance of this requirement, but also some of the difficulties of distinguishing capacity 
raising from maintaining the current status. On two issues we could be more conclusive: In 
our opinion, employment should not be included as a positive in LCA without a range of 
additional criteria. The other issue, especially in S-LCA, is the danger of comparing the 
positives for one stakeholder group to one with the negatives for another stakeholder 
group, because that easily becomes unethical and against the principles of LCA.  
Given the issues found in this study, imprudent inclusion of positives in LCA, could easily 
result in reduction of its discriminate meaning, whitewashing and loss of its credibility. A 
possible result of a debate in the LCA community, could be to not include positives in LCA at 
all. Another option is to consistently separate positives out of LCA, but assess these in 
another system, for instance “handprinting”, proposed by Norris (Norris 2015). But our 
preference would be to include them in LCA and S-LCA, but carefully limited to very clear 
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positives, complying to strict criteria, for which we made a first proposal in this paper. 
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Abstract 

Vast tropical rainforests of South-East Asia have increasingly been converted into oil palm plantations driven by 

consumption of plant oils replacing fossil fuels. Sustainability certification is expected to safeguard ecosystem-friendly 

biomass production. The Roundtable on Sustainable Palm Oil with European Union Renewable Energy Directive 

requirements (RSPO-RED) and the International Sustainability and Carbon Certification (ISCC) for the production of 

biofuel from palm oil were approved to comply with the Renewable Energy Directive of the European Union (EU-RED). 

Standardised methods for systematically assessing the performance of certification schemes are poorly developed. We 

propose an ecosystem-based approach called ECOSEFFECT and apply it to evaluate the theoretical effects of ISCC and 

RSPO-RED implemented to oil palm plantations in Sabah, Malaysia. The method acknowledges the holistic structure of 

interrelated and nested systems. In particular, it assumes economics is nested within social systems, which in turn are 

embedded in ecosystem complexes. The maintenance of the ecosystem integrity is fundamental for achieving sustainable 

natural resource use and for securing the provision of ecosystem services in the long-term, which is essential for human-

wellbeing. Based on literature, spatial analyses, and field visits in consultation with experts and stakeholders, the situation in 

Sabah was analysed. A systemic conceptual model was developed to collect and illustrate environmental stresses, 

anthropogenic threats, and contributing factors together with their causal interrelations. In the frame of a multi-stakeholder 

workshop, the two sustainability standards were mapped into the conceptual model and potential outcomes were formulated 

and semi-quantitatively evaluated along postulated result-chains. Results of the study suggest that RSPO-RED has some 

potential for reducing certain threats to biodiversity and ecosystems in Sabah. However, the ecological effectiveness of the 

measures prescribed under the certification is not plausible. The theoretical analysis showed that the certification system of 

RSPO-RED is likely to effectively change a small proportion of strategically relevant underlying causes that directly or 

indirectly lead to biodiversity degradation. Only one single factor considered as highly relevant is very likely to be 

transformed effectively. RSPO-RED influences less than half of the threats identified during the situation analysis. The 

effectiveness rating revealed that none of the identified threats is likely to be effectively mitigated. ISCC influences around 

one third of identified contributing factors and one tenth is very likely to be changed effectively. None of the highly relevant 

contributing factors is very likely to be changed effectively. Almost two-thirds of identified threats are targeted, but none is 

very likely to be improved effectively. Both standards must be enhanced, e.g. providing science-based thresholds for the use 

of agrochemicals, adequate spatial and temporal planning, climate change adaptation, and maintaining the hydrology and 

natural vegetation for becoming a legitimate policy instrument guiding sustainable biofuel production. 

 

Keywords: Biofuel; Certification; Palm oil; Sabah; Sustainability 

1. Introduction  

The tropical rain forests of South-East Asia represent a biodiversity hotspot that was pre-eminently subject to conversion, 

triggered by the growing demand for agricultural commodities during the last decades (DeFries et al., 2010; Norris, 2008; 

Sodhi et al., 2004). Commercially extracted palm oil is a highly saturated, low-cholesterol derivative used in 50% of 

domestic consumables (Petry, 2012).The high demand for alimentary palm oil in India and China, together with the 

increasing production of biofuels, steered by the Renewable Energy Directive of the European Union (EU-RED), are the 

main drivers for the exponential increase of palm oil production in Malaysia. Since 1970, production has increased by more 

than 18 million metric tons (FAO, 2016; Humalisto and Joronen, 2013; Koizumi and Ohga, 2007; Mitchell, 2011; USDA-

FAS, 2016). Recent shifts in energy policy in line with sustainability targets have contributed to a dramatic rise in palm oil 

imports for biofuel production in the EU (Mitchell, 2011). The enormous demand has triggered ecological and social 

impacts in the main cultivation areas (Obidzinski et al., 2012). Oil palm expansion is responsible for the displacement of 

native communities and associated land disputes, the violation of human rights, and affected human well-being, especially of 

the poor (Colchester and Chao, 2011). The conversion of forests and associated habitat destruction caused biodiversity loss 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

107



(Fitzherbert et al., 2008). There is evidence of decreasing abundance and richness of forest-dwelling species (Savilaakso et 

al., 2014), impairment of animal migration (Maddox et al., 2007), proliferation of invasive species (Turner et al., 2011), and 

increased greenhouse gas emissions (Fargione et al., 2008; Valin et al., 2015). 

In Indonesia and Malaysia, the African oil palm (Elaeis guineensis) is now the most widely planted crop grown in areas 

cleared of forests (Fitzherbert et al., 2008). Malaysia is the second largest palm oil exporting country where the production 

has increased exponentially; from about 0.43 million metric tons generated in 1970 to over 20 million metric tons in 2017 

(USDA-FAS, 2017). In the North of Borneo, between 1973 and 2010, 39.5% of Sabah was deforested and 36% logged 

(Gaveau et al., 2014). Concomitant loss and degradation of mainly lowland rain forests implied remarkable decline in 

biodiversity (Edwards et al., 2010; Foster et al., 2011). Originally covered by extraordinary species and endemism-rich 

tropical forests (Kier et al., 2009), Sabah has been increasingly dominated by rubber, timber, and agricultural plantations 

(Koh and Wilcove, 2008). The establishment of oil palm plantations started in the late 19th century and increased 

dramatically after the early 1960s as global demands for palm oil products grew (Murphy, 2014). Since then, much of the 

lowlands outside existing protected areas and forest reserves have been replaced by oil palms (Koh and Wilcove, 2008). In 

contrast to natural forest ecosystems, oil palm plantations deliver less ecosystem services like the regulation of gas exchange 

and climate, air quality, water quality and supply, soil fertility and structure, as well as habitat availability (Dislich et al., 

2016).  

Voluntary sustainability standards were developed in response to rising concerns from the public, environmental NGOs and 

various governments about the impacts oil palm plantations were having on the natural environment. Public demands were 

for new and stringent measures for fostering social and environmental sustainability in the industry whilst maintaining the 

economic interests of palm oil production (Komives and Jackson, 2014). By definition, sustainability infers security in 

natural capital (Knaus et al., 2006) in the long term (Gray, 1991) without impediment to the functionality and productivity of 

ecosystems (Costanza and Daly, 1992). Dyllick and Hockerts (2002) describe the performance of a company as ecologically 

sustainable if the utilization of natural resources is lower than the rate of its regeneration, and emissions do not accumulate 

in the environment and jeopardize other ecosystem services. The large number of different sustainability standards and eco-

labels that have evolved recently vary in their aims and level of ambitions (Gibson, 2014). But there are far fewer methods 

currently in use for validating the effectiveness of such standards in safeguarding the environment. The rapidly growing 

number of sustainability standards and the increase of land use related pressures on the global ecosystems call for systematic 

assessments to support the credibility of certification as effective policy instrument. The on-site impacts of a sustainability 

standard depend, inter alia, on the validity and integrity of the principles and criteria used in the certification scheme, and on 

the flexibility of the process to adjust to changing circumstances. Other quality features of a certification system are ease of 

implementation by producers and processors, and the open transparency of the standard to independent assessment and 

evaluation.  

Methodological challenges in comparing the effects of sustainability standards refer to the variability of methodological 

approaches and differences in the geographic scope of studies as well the complexity of the target systems (Steering 

Committee of the State-of-Knowledge Assessment of Standards and Certification, 2012). Predominantly, just a few selected 

aspects are considered, such as management practices, abundance and distribution of individual species, nutrient cycles or 

life cycle assessment and findings range from positive over neutral to negative impacts (Lebel, 2012). Divergent selection of 

criteria and varying levels of detail in benchmark studies compromise the desired comparability between findings (IUCN, 

2013). Particularly, in comparison to other sustainability standards that were accepted by EU-RED, the Roundtable on 

Sustainable Palm Oil with requirements for compliance with the EU Renewable Energy Directive requirements (RSPO-

RED), which was accepted in 2012 by EU-RED, performed quite well in regard to selected environmental and social 

criteria, e.g. social and environmental impact and biodiversity assessments, water and soil management, use of 
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agrochemicals, worker protection, indigenous peoples and local communities (Schlamann et al., 2013). However, empirical 

evidence indicates poor outcomes in conserving orang-utan habitat (Ruysschaert and Salles, 2014) and bird species 

(Edwards et al., 2010). Structural deficiencies constrain the environmental sustainability of RSPO (Laurance et al., 2010) 

and limit the effective implementation of the standard, thus jeopardises any positive gains to be made in the field (Brandi et 

al., 2013). As in the case of RSPO-RED, the International Sustainability and Carbon Certification (ISCC) is also recognized 

for the benefits it brings to practices designed to meet the sustainability requirements in the EU-RED scheme since 2011. 

Besides bioenergy-relevant commodities, ISCC certifies biomass-based products for the food, feed, as well as chemical 

markets (ISCC, 2016). So far, it has not been studied whether ISCC is appropriate to indeed generate benefits for 

biodiversity.  

According to the apparent need to assess whether sustainability standards address all relevant environmental threats and lead 

to ecological improvements, this study scrutinizes whether the most severe drivers of environmental degradation are 

addressed and effectively changed by RSPO-RED and ISCC in commercial oil palm plantations compared to the non-

certified conditions in Sabah, Malaysia.  

2. Methods 

The ecosystem-based methodology ECOSEFFECT (ECOsystem-based assessment of Sustainability standards and their 

EFFECTiveness) was applied, and a theoretical plausibility analysis conducted comprising six consecutive steps to assess 

the potential ecological effects of RSPO-RED and ISCC certification in oil palm plantations in Sabah, Malaysia (Blumröder 

et al., 2017). The analysis started with the conceptualisation of the conditions and dynamics present in the ecological and 

socio-economic system of Sabah. In the frame of an Ecosystem Diagnostics Analysis (EDA) (step 1), scientific and grey 

literature was collected to filter out information about the causes and effects of land-use change, e.g. biodiversity loss, 

contamination to water courses, soil degradation and erosion. In addition, geospatial data, including satellite images, were 

used to outline the conditions and dynamics of land cover and land-use changes. Three five-day field visits to oil palm 

plantations and forest landscapes were carried out in February, July, and September 2015 to validate and strengthen a 

baseline description of the situation on the ground. In the process, consultations and interviews were conducted with local 

community members, scientists from local research institutions, government representatives, and staff of RSPO, NGOs, and 

plantation managers.  

In the Ecosystem-based Situation Analysis (step 2), a conceptual model was generated to schematically illustrate the 

situation of ecosystems as they interact with the anthroposphere (Figure 1). 

 

Figure 1. Excerpt of a generic conceptual model illustrating the system of interacting causes and effects that increase the 

vulnerability of ecosystems within a defined scope. Contributing factors (orange, left) provoke human-induced threats (red) 
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that generate eco-systemic stresses (violet). RSPO-RED and ISCC were mapped into the model (yellow hexagon), their 

influence evaluated and outcomes postulated. 

Biodiversity objects represent the biodiversity and natural capital attributes inherent in the landscape. Much of the ecosystem 

services needed by local communities are dependent on the effective functioning of natural forests, rivers, wetlands and 

other associated habitats, and in all ecosystems there are recognisable key ecological attributes (KEA) that sustain 

biodiversity. Impairment of KEA by human-induced threats can threaten the functioning of ecosystems and lead to stresses 

in the ecosystem. The root causes of threats are termed contributing factors. In the process of conducting a stakeholder 

workshop, as many identified stresses, threats, and contributing factors as possible were semi-quantitatively rated to score 

their strategic relevance. The criteria used to determine the strategic relevance are criticality (extent of geographical 

distribution; severity of impact on biodiversity objects; irreversibility of consequences), dynamics (current trend of change; 

expected criticality in 20 years), and systemic activity (level of activity; number of influenced elements) (Ibisch and Hobson, 

2014; Schick et al., 2016). The highest of the four possible scores indicates strongest negative effects on biodiversity objects. 

The strategically most relevant elements are those that should be addressed by sustainability standards to reduce the 

vulnerability of biodiversity and foster sustainable development.  

The National Interpretation of RSPO Principles and Criteria for Sustainable Palm Oil Production (RSPO and MYNI-TF, 

2015), together with the RSPO-RED Requirements for compliance with the EU Renewable Energy Directive requirements 

(RSPO, 2012) (RSPO-RED in the following) and the ISCC 202 Sustainability Requirements for the Production of Biomass 

ISCC EU version 2.4, 01 January 2015 (ISCC in the following) were strategically interpreted (Strategic 

interpretationstep 3). In this respect, the principles of a standard that encompass thematically related sustainability criteria 

were taken to represent overarching strategic complexes. Each associated criterion was treated as a strategy to be 

implemented by a certified producer with the aim of achieving more sustainable production. The specifications or indicators 

associated with each criterion were regarded as strategic activities that present measures either to be adopted or omitted in 

order to achieve sustainable outcomes.  

The strategies produced to counter the factors contributing to the threats were mapped into two separate but identical 

conceptual models for each of the certification schemes (Identification of Leverage pointsstep 4). The exercise was 

carried during a three-day workshop in September 2015 by experts from one local university, six governmental 

organisations, and five different NGOs, two oil palm plantations, and RSPO in Kota Kinabalu, Malaysia. In complex 

systems, such as ecosystems, leverage points represent positions where relatively small interventions can induce crucial 

changes (Meadows, 1999). In the case of this study, they represent potential interventions likely to trigger a transformation 

in the described situation by generating specific outcomes. The workshop participants also evaluated, using a semi-

quantitative approach, the intensity and direction of each strategy’s influence and the plausibility of results in order to score 

the two sustainability standards on effectiveness (Table 1).  

Table 1. Four colour-coded scores of effectiveness comprise influence and plausibility (below). Left: Four possible scores of 

influence depend on how strong and in which direction a strategy addresses a certain factor. Right: Scoring of plausibility is 

based on the level of coherence and the character of a strategy (major or minor requirement) and represents the likelihood 

of postulated outcomes. 

INFLUENCE 

Intensity of change  

PLAUSIBILITY 

Coherence 

 supported 

independent 

dependent high low  

Direction 

of change 

positive 4 (high 

positive) 

3 (low 

positive) 

 

Requirement 

major 4  

(plausible) 

3 

(somewhat 

plausible) 

negative 1 (high 

negative) 

2 (low 

negative) 

 

 

 

minor 2 

(somewhat 

implausible) 

1  

(im-

plausible) 
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EFFECTIVENESS 

Plausibility   

 4 

(plausible) 

3 

(somewhat 

plausible) 

2 (somewhat 

implausible) 

1 (im-

plausible) 

  

 

Influence 

4 (high & 

positive) 

4 (very 

high) 

3 (high) 3 (high) 2 (low)   

 3 (low & 

positive) 

3 (high) 3 (high) 2 (low) 2 (low)   

 2 (low & 

negative) 

4 (very 

low) 

4 (very 

low) 

4 (very low) 4 (very 

low) 

  

 1 (high & 

negative) 

4 (very 

low) 

4 (very 

low) 

4 (very low) 4 (very 

low) 

  

 

The term influence relates to the sufficiency, adequacy, and accuracy of a strategy. The plausibility of a result comprises the 

coherence and character of a strategy, and presents an estimate of how likely a result will be achieved. The term coherence 

refers to the inherent interrelations and dependencies of criteria within a standard. Some strategies are closely related and are 

synergistic in their effects on the dynamics of a system, while others depend on the operational impact of other strategies. 

The plausibility of an outcome from the effects of interdependent strategies was rated lower than for the outcomes achieved 

by implementing independent or supported strategies. The character of a strategy is determined according to whether it is a 

major or minor requirement. Both standards distinguish in this instance: RSPO-RED consists of 69 major and 70 minor 

indicators. Non-compliance to a major indicator leads to a major non-conformity, while non-compliance to a minor indicator 

leads to a minor non-conformity. For an initial RSPO-RED certification, all major indicators must be adhered to. Thereafter, 

major non-compliance must be solved within 60 days and if a minor non-conformity is not solved until the next annual 

surveillance it becomes a major non-conformity. ISCC distinguishes between major and minor musts. The 50 major musts 

are compulsory and are to be solved within 40 days if non-compliance has been detected. Producers operating under ISCC 

must comply with at least 60% of the 42 indicators defined as minor indicators.  

In our study, the potential outcomes that were assumed to be generated by the standards were determined by the workshop 

participants, who reformulated contributing factors into direct results according to their best knowledge and most logical 

assumptions. Subsequent changes and additional (indirect) results along the complex web of interacting factors were also 

postulated. In this way, the extent to which both sustainability standards were expected to reduce the vulnerability of 

biodiversity objects in Sabah, and to contribute to an improvement in the situation was assessed, a process described as 

Theory of change (step 5). Those contributing factors not addressed by the standards, or deemed likely to be changed 

ineffectively by the standards, were also identified and discussed with the experts and stakeholders participating during the 

workshop (Gap analysis - step 6). 

3. Results and Discussion 

About one third of the terrestrial surface of Sabah has been converted to oil palm plantations, most of which are distributed 

across the lowlands and flood plains towards the eastern part of the state (Figure 2). In the period between 2001 and 2014, 

the loss of tree cover due to agricultural conversion, logging, as well as the rotation of palm oil crops in existing plantations 

affected approximately 15% of Sabah, also predominantly in lowland areas. Between 2011 and 2015, 36 palm oil mills were 

registered as ISCC-certified together with their associated supply base. No spatially explicit data was available regarding the 

extent of RSPO-RED certification in Sabah. 
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Figure 2. Distribution of oil palm plantations (Gaveau et al., 2014), ISCC-certified palm oil mills (as of 2015, (ISCC, 2015), 

protected areas and forest reserves (IUCN and UNEP-WCMC, 2015), infrastructure and rivers (DIVA-GIS, 2012) as well 

as annual tree cover loss between 2000 and 2014 (Hansen et al., 2013) throughout the topography of Sabah, Malaysia. 

The conceptual model depicting the situation analysis reveals 226 contributing factors that are supposed to induce 37 

different threats to biodiversity in Sabah. The threats described in the model were believed to elicit 60 eco-systemic stresses 

(Figure 3). 
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Figure 3. Excerpt of the conceptual model showing interrelated thematic groups and sub-groups containing contributing 

factors, human-induced threats, and environmental stresses that were identified to increase the vulnerability of biodiversity 

in Sabah, Malaysia. 

One tenth of the identified contributing factors recorded during the workshop are recognised as having a high strategic 

relevance towards increasing the vulnerability of biodiversity in Sabah. They relate to governance, land and natural resource 

use including oil palm cultivation and processing, socio-economy, socio-demographics, global climate change, 

infrastructure, and socio-cultural factors. The threats posed to the natural environment of greatest strategic relevance are 

linked to the overexploitation of natural resources as well as local and regional climate change. As for the stresses recorded 

by participants of the workshop, the most relevant are considered to be degraded biotic properties of ecosystems, changed 

climate, bad air quality, manipulated natural hydrology, and degradation of the lithosphere. 

RSPO-RED related strategies are mapped against 28% of the identified contributing factors and another 13% of contributing 

factors are addressed indirectly along the causal chains of interrelated factors. Of those factors influenced by RSPO-RED, 

24% are assumed to be changed very effectively and a further 36% effectively. The direct and indirect influence of RSPO-

RED on contributing factors is expected to influence 38% of the identified threats. ISSC addresses 19% of contributing 

factors directly and another 14% indirectly via cause-effect-chains. ISCC transforms 9% of all 226 identified contributing 

factors very effectively for the better. Those changes are assumed to influence 57% of the identified threats (Figure 4). 
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Figure 4. Frequency of RSPO-RED and ISCC in effectively addressing and changing the more or less strategically relevant 

contributing factors and threats that were identified in the frame of the situation analysis of ecological problems related to 

oil palm cultivation and production in Sabah, Malaysia. 

RSPO-RED is assumed to support enforcing environmental regulations very effectively and ISCC effectively. Subsequently, 

a reduction in pollution levels in both air and rivers is expected and supported by enhancements in the performance of palm 

oil mills in conjunction with anticipated improvements in monitoring and reporting of the mills. In addition, the restriction of 

burning for land clearing is supposed to reduce the probability of fire occurrence elsewhere, and the prevention of spreading 

fire and haze would improve air quality effectively under both standards. Very effective compliance with national labour 

legislation and with EU-RED through ISCC would contribute to greater stability of the state as well as reduce uncertainty. 

RSPO-RED would very effectively administer appropriate compensation action for local people encouraged to agreements 

of land acquisition or who have experienced the loss of essential forest products and services. To a lesser extent ISCC is 

believed to be effective in addressing the same issues, and both standards would ensure that agreements between the 

government and land-owners are adhered to. This would contribute to an effective reduction of conflicts, land disputes, and 

poverty. Increasing transparency through stakeholder and public consultations is expected to be very effective by RSPO-

RED and ISCC and conducive to socio-cultural benefits.  

The growth and maintenance of high yielding oil palm crops requires repeated application of fertiliser. Guidelines found in 

RSPO-RED for greater use of organic fertiliser are assumed to not stipulate tighter control on the application of mineral 

fertiliser and the lack of stringent directives for fertiliser are postulated to be not very effective. Under ISCC, reducing the 

wastage and high use of fertilizers by substitution with organic substances and the periodic monitoring and management of 

nutrients are supposed to be very effective. In theory, biological and chemical pest management as well as water usage are 

improved effectively by ISCC but ineffectively by RSPO-RED. Guidelines within ISCC for promoting Integrated Pest 

Management favours the use of biological mechanisms but does not mention a restriction in use of chemical pesticides. Plant 

protection measures are supposed to be carried out where the economic viability of the crop is threatened by pest attacks. 

Respective guidelines derive from the Good Agricultural Practices as well as national regulations, but lack clearly defined 
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thresholds for the application of agrochemicals, including the use of glyphosate. The application of chemical herbicides, 

such as glyphosate, is neither limited by RSPO-RED. Application techniques are to be optimised under RSPO-RED and 

ISCC and dominated by spraying in cycles around the palm stem, which would reduce the amount of costly chemicals and 

thus negative environmental impacts. However, it is predicted that spraying in cycles reduces but still contributes to 

agrochemical run-off. Both standards lack very effective prohibition or clearly defined thresholds for the application of 

agrochemicals. Both standards would very effectively improve the management of solid waste accumulation in oil palm 

estates. On issues related to social welfare both standards very effectively advocate education for workers including targeted 

training needs, and the prevention of child exploitation in the labour force as well as illegal labour. 

RSPO-RED and ISCC leverage contributing factors related to direct land-use change. More specifically, it is anticipated that 

RSPO-RED very effectively targets two thirds and almost one third effectively of the factors relating to the conversion into 

oil palm plantations. In contrast, less than half of the factors relating to land conversion are changed very effectively by 

ISCC and almost one third effectively. Both standards are intended to very effectively prevent the conversion of primary and 

secondary forests, peat-lands, as well as areas of shifting cultivation. Both standards effectively avoid plantings in flood-

prone areas and high altitudes. The conversion of rubber and cocoa plantations into oil palm plantations would be halted 

very effectively by RSPO-RED and effectively by ISCC. The degazettement of forest reserves, which would facilitate 

subsequent conversion into plantations, is assumed to be effectively prevented by RSPO-RED and remains unaddressed by 

ISCC. 

More than half of the contributing factors directly linked to the maintenance and management of oil palm plantations remain 

unaddressed by RSPO-RED. Half of the factors relating to oil palm plantations that are addressed by RSPO-RED are 

assumed to be changed ineffectively. Direct land-use change on steep slopes is believed to be targeted very ineffectively by 

both standards as they promote terracing as a technique to reduce soil erosion in oil palm plantations. The theoretical 

analysis demonstrates that terraces, in turn, induce other severe environmental impacts by geomorphological engineering and 

manipulating the natural topography. The conversion of lands under agricultural production other than palm oil and timber 

plantations would be very effectively avoided by RSPO-RED but remain unaddressed by ISCC. Without the EU-RED 

relevant criteria of RSPO-RED, oil palm estates are not required to demonstrate evidence that the land was under palm oil 

cultivation before January 2008 and thus, all types of land use systems, including agricultural areas, are potentially prone to 

land development, except for primary forests and high conservation areas (HCV) since November 2005. HCV areas inherit 

exceptional ecological characteristics and their designation depends on the presence of rare, threatened, and endangered 

species where conservation measures often refer to illegal poaching and hunting activities (HCV Resource Network, 2014). 

Less thought is given to more long-term ecological considerations of ecosystem function, persistence, and resilience. This 

reactive approach prioritizes areas that are already highly vulnerable and is in contrast to a proactive approach that would 

follow the precautionary principle (Brooks et al., 2006). Insufficient guidance on the identification and management of HCV 

areas could compromise effective ecological outcomes (Koh et al., 2009). The purpose of integrating HCV design and 

planning with the management of waterways is to build capacity in the landscape for the movement of wildlife species 

where traditional corridors have been disrupted by land-use change. Additional costs for biodiversity conservation measures 

could be compensated by price premiums paid for implementing environmentally sustainable practices (Elbehri et al., 2013; 

Ruysschaert and Salles, 2014). Most of the HCV areas in Sabah were already established as set-aside land before the 

implementation of the two standards. They were characteristically small, dispersed and often ecologically degraded. In a 

number of cases, species movements between remnant forest habitats are hampered by fencing to protect the main crop or 

restored habitats as noticed during field visits and described by interviewees. Like RSPO-RED, ISCC is supposed to 

safeguard and prevent the conversion of HCV areas but a minimum size of HCV areas is not defined by both. Buffer zones 

or wildlife corridors are requirements only for those HCVs with evidence of present rare, threatened or endangered species 

and the connectivity to adjacent forest patches is not specified in the two standards. Poor guidelines and definitions within 

the HCV concept can lead to bad practices in the field with unsatisfactory outcomes for biodiversity (Koh et al., 2009).  
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Under statutory law, all rivers wider than three meters are required to maintain a riparian zone of 20 m width (State of 

Sabah, 1998, 1956). Those laws are assumed to be enforced effectively by ISCC and very effectively by RSPO-RED, but 

smaller creeks and channels as well as artificial water systems are not addressed neither by RSPO-RED nor by ISCC and 

thus, could be subject to disturbance and degradation and owing to their interconnection this may also affect natural water-

systems. Conventional oil palm rotation patterns are designed to maximize the economic profitability of an estate. Extensive 

areas of single-aged palm stands cultivated in a monocrop system are the result of large-scale clearings on an approximately 

25-years cycle, steered by the palm oil price. As a consequence of the monotonous agro-ecosystem, the ecological capacity 

to buffer weather extremes is reduced with negative consequences for the natural environment and biodiversity. It is 

postulated that both standards are ineffectively changing or not at all addressing the spatiotemporal dimension when 

planning and timing replanting. Potential ecological effects relating to the construction of ponds, drainages, and channels are 

not clearly guided by RSPO-RED. In particular, water cycles and potential downstream effects are not considered in the 

standard at landscape level. But the hydrology at plantations and landscape level is crucial to the functionality of biodiversity 

as well as the productivity of the plantation system (Carr, 2011).  

Conflated problems of global climate change and altered land use will drive extreme weather patterns with adverse effects 

on ecosystems (Johnson, 2012; Mastrandrea et al., 2010). The north-east of Borneo is projected to experience reduced 

precipitation and higher temperatures (IPCC, 2014). Oil palm growers consulted during the workshops and field visitations 

reported about serious changes in rainfall patterns and a significant reduction in rainfall in some regions. Decreases in yield 

are assumed to be related to the reduced availability of ground water due to the absence of rainfall, while other areas are 

affected by severe and exceptional floods. The theoretical analysis shows that ecosystem-based adaptation to climate change 

impacts is not covered by RSPO-RED and ISCC. Designed, accepted and implemented, inter alia, as instrument for climate 

change mitigation, RSPO-RED- and ISCC-certified palm oil for the production of biofuels jeopardizes biodiversity in Sabah 

and contributes to high carbon emissions instead of preventing them (Valin et al., 2015). 

The findings underpin that standards for the production of sustainable biofuels can comply with the legislation such as the 

EU-RED without preserving the environment (Meyer and Priess, 2014). In order to fill the identified gaps and to increase the 

effectiveness of RSPO-RED and ISCC in Sabah, we suggest a series of potential improvements common to both standards:  

For ecological reasons, all kinds of direct land-use changes of sensitive, forested, and pristine habitats must be prevented 

including the large-scale construction of contour terraces with concomitant soil disturbances and artificial modification of 

run-off patterns and groundwater-recharge. In addition, indirect land-use change must be addressed specifically. Both 

standards should provide clear prescriptive guidelines on the retention or establishment of buffer zones around HCVs, and 

also for the development of effective corridors between HCVs as well as between HCVs and neighbouring forest patches. 

The preservation and restoration of natural vegetation and habitats are fundamental for biodiversity conservation. Stringent 

and clear guidance on the management of surface water capture and drainage, specifically, on the design and practice of 

ditching and channel construction, would be required if problems relating to biodiversity loss, erosion, and contamination 

are to be avoided, given the fact that the hydrology at plantations and landscape level is crucial to the functionality of 

biodiversity as well as the productivity of the plantation system (Carr, 2011).  

There is an obvious need to extend the certification system beyond the national legislative requirements for rivers to 

safeguard smaller water systems including artificial land drains and channels. Measures designed to protect water quality 

from land use practices, including the retention of buffer strips, holding ponds, and organic filter beds should be installed for 

all moving water bodies, and the mitigation practices monitored regularly. Greater attention to the design and planning of 

plantations that considers scale, structure and diversity should be provided in both standards to help towards safeguarding 

the ecology of the landscape. For instance, greatly reduced cohort stands with larger field margins, variable retention of 

native vegetation, ecological zoning, and inter-cropping with alternative cash crops such as timber trees would contribute to 

ecosystem resilience, biodiversity security, and economic benefits. Plantations should also be designed to better integrate 
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and network with neighbouring ecosystems – timber plantations, primary forest, and wetlands. Any large scale planning 

needs also to take account of the road infrastructure to try and minimize fragmentation and edge effects. Limitations on the 

use of chemical agents for pest and weed control together with information on ecological thresholds must be strengthened. 

Alternative weeding techniques must be promoted and embedded in the certification system, including the use of grass 

cutters and grazing by cattle to minimise if not completely replace chemical weeding. During a site visit to an ISCC-certified 

plantation there was clear evidence of alternative weeding practices being deployed, both grazing and mechanical cutting, 

and it was believed such practices were likely to reduce problems of chemical contamination. RSPO-RED needs 

improvements in addressing the destabilisation of the chemical soil balance, preventing disturbances of run-off patterns, and 

groundwater-recharge. 

ISCC applies to all kinds of biomass production systems worldwide but the certification system is neither crop- nor country-

specific. In particular, it was not specifically tailored to oil palm plantations, palm oil mills, and the environmental situation 

in Sabah. This partly explains why ISCC is not precisely addressing and adequately influencing all of the relevant drivers of 

environmental problems that were identified in the course of this study.  

A reformulation of indicators to be more precise in addressing identified problems, clearly applicable, easily measurable, 

and transferable between sites is need for both standards (Lammerts van Bueren and Blom, 1996). Upgrading ecological 

indicators from minor to major to increase the plausibility of outcomes is highly recommended. Clear definitions must be 

attached to the standards in order to reduce potential ambiguity of terms including ‘must’, ‘shall’, and ‘should’ to ensure 

thorough implementation by growers and any inspection carried out by auditors (Elbehri et al., 2013; Lammerts van Bueren 

and Blom, 1996). The certification system should also include a high adaptive capacity based on the precautionary principle 

to insure against any uncertainty and unpredictable changes to conditions in the environment.  

4. Conclusions 

The ECOSEFFECT theoretical plausibility analysis shows that compared to an uncertified production system, RSPO-RED 

and ISCC do not make a substantial contribution to biodiversity conservation. Many of the strategically relevant threats and 

their drivers are not addressed or changed very effectively. Especially, factors directly related to oil palm plantations, such as 

the application of chemical herbicides, and the use of glyphosate in particular as well as factors impacting the hydrological 

regime and microclimatic regulation must be targeted more precisely to induce effective ecological outcomes. Both 

standards are assumed to effectively reduce agrochemical run-off, the prevention of releasing palm oil mill effluents into the 

environment, the avoidance of poisoning wildlife through spilling of toxics, dumping of solid waste, fire, the exposure and 

thermal pollution of water courses. However, the abatement of environmental stresses is assumed to be ineffective because 

none of the identified anthropogenic threats was mitigated very effectively. There is much need and potential to improve the 

strategic measures anchored in both standards to generate more effective ecological outcomes. 

Under previous and current EU policy, the implementation of accredited sustainability standards such as RSPO-RED and 

ISCC would legitimate the use of biomass, including palm oil for the production of biofuels, which was voted against in the 

beginning of the year 2018 by the European Parliament to ban palm oil from EU-RED (European Parliament, 2018). The 

study reveals important ecological shortcomings of both standards in preventing the accumulation of emissions from 

agrochemicals that are associated with the management of the vast tracts of plantations, many of which are established from 

cloned oil palms. Devastating direct and indirect ecological impacts on soils and the hydrological regime negatively impact 

other ecosystem services and hamper the regeneration of already stressed biodiversity objects outside of plantations. In order 

to avert the risk of justifying the unsustainable exploitation of natural resources by labelling it “ecological sustainable”, the 

standard setting organisations must align their certification scheme according to identified ecological problems applying an 

ecosystem-based approach.  
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Abstract 

The 2030 Agenda for Sustainable Development recognizes the indivisible and integrated nature of its 17 Sustainable 

Development Goals (SDGs) and 169 targets, as well as the need to address these interlinkages to fully achieve its aims. In 

addition, the Agenda stresses the importance of “leaving no one behind”, which can only be achieved by understanding the 

interlinkages between the Goals and by undertaking actions to bring them together for the benefit of all. Thus, the 

identification of these linkages will enable countries to implement the SDGs effectively by harnessing synergies between 

them while managing potential conflicts. Despite their significance in monitoring initiatives, indicators separately are not 

adequate to provide an insight into the complex cause and effect relations within global development issues. The suitability 

of Bayesian Networks (BNs) to integrate multiple and simultaneous relationships has been largely exploited in the literature. 

Taking a dedicated goal on water and sanitation (SDG 6) as starting point, this paper reviews the potential of a BNs 

approach to analyse the interdependency between the SDGs, the associated targets and the corresponding indicators. 

Available global data has been exploited to run the BNs model. Achieved results are compared with a recent research 

developed by UN-Water, where interlinkages between the targets under Goal 6 and other targets across the 2030 Agenda are 

conceptually described. The paper discusses the extent to which a BNs is a suitable system to identify and assess these 

linkages, relationships and synergies. The study concludes that a BNs approach is useful to accommodate the complexities 

and interdependencies of the SDGs targets and indicators. 

 

Keywords: Sustainable Development Goal 6, Bayesian Networks, interlinkages, data-driven, decision-making 

  

1. Introduction  

On 25th September 2015, the 2030 Agenda resolution announced 17 Sustainable Development Goals (SDGs) with 169 

associated targets, remarking their integrated and indivisible nature (United Nations General Assembly, 2015). This implies 

the need to balance the three dimensions of sustainable development (SD). Lack of integration across sectors in terms of 

strategies, policies and implementation has long been perceived as one of the main pitfall of previous approaches to SD 

(UN-DESA, 2015). Thus, integrated approaches are needed to elucidate the interdependencies among the SDGs and to 

facilitate their effective implementation by harnessing synergies among them while managing any potential conflicts (UN-

Water, 2016b). 

In this context, indicators represent the backbone of monitoring progress towards the SDGs at all levels (i.e. local, national, 

regional and global). Additionally, a sound indicator framework will turn the SDGs and their targets into a management tool 

to help countries develop implementation strategies, to allocate resources efficiently and to increase the accountability of all 

stakeholders (SDNS, 2015). To achieve this, the SDGs require annual reporting of high-quality data from all countries. This, 

in turn, will require much greater investments in building independent, impartial national statistical capacities and 

strengthening statistical quality and standards. To date every target has had at least one lead technical or specialist agency, 

responsible for coordinating data standards and collection, ensuring harmonization, and providing technical support where 

necessary (SDNS, 2015). Some of these custodian agencies are already elaborating data baselines and reports, and therefore, 
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presenting a starting point for SDGs achievement. However, a baseline for several of the targets remains unavailable (United 

Nations General Assembly, 2015). It is remarkable in this context the development of an unofficial SDG Index (SDSN, 

2016), as a tool to provide indicative country-level estimates, covering 63 indicators for 149 out of the 193 UN member 

countries. For each indicator, one ranking is produced (SDSN, 2016). Despite of the likely utility of this approach, the global 

nature of SDGs should permeate the monitoring framework, by exploiting the interlinkages among SDGs targets and 

indicators, as well as by promoting multi-sectorial approaches. 

The literature shows several contributions that address, to a certain extent, the SDGs interlinkages. To take some examples, 

and from a more conceptual and qualitative perspective, SDGs have been read as a network of targets connecting the 

different goal areas (UN-DESA, 2015), they have been organized through a grading system of interactions (Nilsson et al., 

2016) or they have been particularly analysed in relation to one SDG (e.g. UN-Water, 2016b).  On the other hand, from a 

quantitative point of view, important efforts have undergone to establish the links among different SDGs and to support 

planning and decision-making for their implementation (Collste et al., 2017; Khalili et al., 2017).  

In parallel, BNs have been extensively used to explore the interdependencies and cause-effect relationships, simulating 

complex problems that involve a large number of variables that are highly interlinked (Dondeynaz et al., 2013). Briefly, BNs 

are directed acyclic graphs that exploit the duality between an interaction graph and a probability model (Castelletti and 

Soncini-Sessa, 2007). While its graphical structure provides a visual representation of the logical relationship among 

variables, and thus providing an excellent language to communicate and discuss these relationships, conditional probabilities 

quantify these relationships. Basically, BNs are made up of three elements (Bromley, 2005): i) a series of nodes associated 

with the variables relevant to a particular study; ii) the links among these variables and their direction which represent, 

respectively, the existing dependency among them and the cause-effect relationships, and iii) the conditional probability 

tables (CPTs) that quantify the extent to which one node is likely to be affected by the others (Bromley, 2005; Cain, 2001).  

BNs have been applied in fields such as medicine and artificial intelligence. They have been also applied as an aid to 

decision making in the field of water resources (Bromley et al., 2005; Castelletti and Soncini-Sessa, 2007; Henriksen and 

Barlebo, 2008; Molina et al., 2013, 2009), and to support monitoring WaSH services in an interdisciplinary, holistic way 

(Alok, 2002; Fisher et al., 2015). Among its strengths, BNs allow incorporating data and knowledge from different sources 

and domains (i.e. economic, social, physical or environmental), and they are especially helpful when there is scarcity or 

some degree of uncertainty in the data (Bromley et al., 2005; Castelletti and Soncini-Sessa, 2007; Henriksen and Barlebo, 

2008).   

Against this background, this study seeks to explore the interdependencies across the 2030 Agenda through a Bayesian 

Network (BN) approach. Specifically, the focus is on the goal dedicated on water and sanitation, thus the paper explores the 

interlinkages between the targets under Goal 6 and other targets across the 2030 Agenda. SDG 6 reads as follows: "to 

guarantee the availability of water and its sustainable management and sanitation for all", and includes eight specific targets: 

six of them are based on outcomes, and the remaining two are based on the means of implementation. In more detail, targets 

6.1 and 6.2 relate to drinking-water and sanitation and hygiene, respectively. Targets 6.2 and 6.3 expand the framework 

beyond the use of sanitation facilities to cover the full sanitation chain. Targets 6.4 and 6.5 refer to water-use efficiency and 

the implementation of Integrated Water Resources Management (IWRM), respectively. Target 6.6 focuses on healthy water-

related ecosystems. Finally, targets 6.a and 6.b suggest the importance of international cooperation and local stakeholder 

participation to achieve previous targets. This paper takes as a reference point a UN-Water Analytical Brief that describes 

the linkages across the 2030 Agenda with Goal 6, providing an overview of the target-level linkages and how they are 

interdependent (UN Water, 2016). We then apply a BN technique to identify and assess these linkages. While the literature 

shows similar analysis with specific focus on e.g. target 6.1 (Cronk and Bartram, 2017), 6.1 and 6.2 (Dondeynaz et al., 2013; 

Giné-Garriga et al., 2018) or 6.4 and 6.5 (Mohajerani et al. 2017; Molina et al. 2009), none of them consider Goal 6 and its 

targets in a holistic and interdependent way. 
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The article is structured as follows. Section 2 describes the methods for data selection and data processing, as well as for 

BNs construction. Main results are presented and discussed in Section 3. Major findings are highlighted in Section 4 to 

conclude the study. 

2. Methods 

This section provides a detailed description of the steps followed to conduct the analysis. First, we introduce the initial 

settings established in the study. Second, we present the criteria for data selection, including the assumptions made for 

missing data treatment. Third, we define the scenarios for the analysis. Fourth, data normalization process is described. 

Finally, we set up the conditions for the analysis. 

Initial settings 

To deal with BNs generation, it is possible to use a wide range of both free and commercial software available which, at the 

same time, employ one of the three types of structure learning methods, namely constraint-based, score-based and hybrid 

approaches (Liu et al., 2017; Madsen et al., 2016). This study uses “R” and its package “bnlearn” developed by Scutari 

(2010). In this case, constraint-based and score-based methods for network structure learning are available. Briefly, the 

former learns the network structure by analyzing the probabilistic relations with conditional independence (CI) tests; and the 

latter assigns a score to each candidate BN and try to maximize it with some heuristic search algorithm (Scutari, 2010). 

Further details of these algorithms are not provided, but have been extensively described recently by Liu et al. (2017). In this 

study, constraint-based methods will be used, as they also provide a wide range of options to combine network structure 

learning algorithms (SLA) and CI tests. To do this, a bootstrap technique is applied to estimate the strength of each link, 

taking into consideration the empirical frequency over a set of networks learned from bootstrap samples. Specifically, it 

computes the probability of each link and the probabilities of each link’s directions conditional on the link being present in 

the network (Scutari and Ness, 2018). Through this technique, and comparing different SLA + CI tandems, we explore the 

interlinkages among the SDGs and we identify those strong ones from current data availability. 

Indicator selection 

A first screening of eligible indicators was conducted based on the study developed by UN-Water (2016b). Initially, a total 

of 74 targets were connected conceptually, but only 42 out of these 74 (57%) presented associated data (UNSD, 2018). To 

determine the final set of indicators for inclusion in this research, several criteria were defined as detailed below:  

 Outcome-related indicators. As per the definition of the SDGs, indicators based on outcomes were selected and 

those related to the means of implementation were discarded (United Nations General Assembly, 2015). Under 

this rule, SDG 17 and a number of indicators were excluded from the analysis. Indicator of target SDG 6.a was 

however included because of its relevance for the study. 

 Data availability. The list of 234 countries provided by the Joint Monitoring Programme for Water Supply, 

Sanitation and Hygiene was initially considered. However, this number was reduced to 200 by removing those 

countries with very low data availability. In terms of indicators’ selection, it was limited to those indicators with 

data from at least 75% of countries (an exception was made in relation to SDG 1 indicators, where data were 

available for only 65% 200 countries).  

 Global relevance. To improve data comparability, various decisions were made. First, from those indicators 

proposed to measure access to safely managed water and sanitation services (targets 6.1 and 6.2), the level of 

service “at least basic” (JMP, 2017) was taken into consideration. Second, five unofficial indicators were included 

when the Goals were misrepresented with just one indicator. Three of them were obtained from i the SDG Index 

baseline (SDSN, 2016). Third, other development-related indicators available in the UNDP database were 

employed, such as “mean year of schooling” and “Inequality-adjusted Human Development Index” (UNDP, 

2018). 
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 Timeliness. For each indicator / country pair, the more recent data was selected. For each indicator, when data is 

obtained from different years, the time period is specified. 

In total, a subset of 38 indicators was identified (see Table 1), covering the selected 200 countries. However, when data was 

merged, only 68 countries with complete information (regarding all indicators considered) were distilled due to the high rate 

of missing data (from now on, we refer it as NA data). Thus, special attention was paid to this aspect. 

NA treatment 

BNs can only be fully run when there is an absence of NA data. With the aim to increase the final sample of countries and 

address NA data problems, a set of assumptions were made.  

 When SDG regional data was available, this was used to fill information gaps as a proxy. For example, there was 

information for 181 countries as regard SDG indicator 3.9.2 (“mortality rate attributed to unsafe water, unsafe 

sanitation and lack of hygiene”) and regional data was applied to reach 200 countries with information. In total, 

this process was done to 65% of the indicators selected, varying the amount of countries using regional data for 

each indicator.  

 Those countries with a value of Human Development Index (UNDP, 2016) defined as “very high” (VH HDI) were 

assigned to the best possible scenario, otherwise they would not have been included because of NA data. For 

example, SDG indicator 1.1.1 related to “proportion of population below the international poverty line of US$1.90 

per day”, we assumed 0% for VH HDI countries. Same assumption was made regarding indicator 6.a.1 (“total 

official flows for water supply and sanitation, by recipient”), considering the reception of 0 billions of USD for 

these countries.  

 In contrast, a similar hypothesis was made in reference to those countries defined as “developing” (United Nations, 

2017) by assigning a value corresponding to the worst scenario. It should be noted the existence of VH HDI 

countries but defined as “developing” as well (i.e. Argentina or Saudi Arabia). As examples, SDG indicators 6.5.1 

(“integrated water resources management implementation”) and 9.5.1 (“research and development expenditure as a 

proportion of GDP”) were assumed as zero when there was NA data associated with these countries.  

 Different values from the literature were considered. For example, 1.2% prevalence of undernourishment rate 

(SDG indicator 2.1.1) for each developed country with NA data (SDSN, 2016) or 6% of European urban dwellers 

living in extremely precarious conditions (UN-Habitat, 2015), which we computed it as proportion of urban 

population living in slums (SDG indicator 11.1.1).  

Normalization  

Prior BNs analysis, indicators were normalized between 0 and 100, with 0 denoting worst performance and 100 describing 

the optimum. In so doing, those indicators expressed in percentage were kept invariable. On the other hand, lasted indicators 

were normalized using “min-max” technique. This method normalizes indicators to have an identical range by subtracting 

the minimum value and dividing by the range of the indicator values (OECD, 2008). In this case, no limits were fixed and 

maximum and minimum values were defined according to the best and worst performance of the indicators, applying 

logarithms when valued differed in orders of magnitude. Finally, a last transformation was required for several indicators 

according to “more is better” scale. For example, SDG indicator 9.4.1 (“emissions of carbon dioxide”), which represents a 

“less is better” goal, was employed calculating the complementary value. This is, if after normalization this indicator is 30, 

then a final value of 70 was considered. In contrast, similar examples to SDG indicator 7.1.1 (“proportion of population with 

access to electricity”) were kept constant according to the scale fixed.  
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Table 1. SDG indicators employed in Bayesian Networks analysis  

SDG Indicator (units) Year(s) Source(s) 

Countries 

with 

information 

NA treatment 

Notes Regional 

data 
VH HDI Developing Literature 

1 
1.1.1. Poverty line of US$1.90 per day (% population) 

1. 1.2. Poverty line of US$1.90 per day, “working poor”, 15 years and over (% employees) 

2010-2014 

2016 

WB 

ILO 

129 

137 

✓ 

✓ 

✓ 

✓ 

  a 

a 

2 

2.1.1. Prevalence of undernourishment (% population) 

2.2.1. Proportion of stunted children (% of children under the age of 5 years) 

2015 

2016-2005 

FAO 

UNICEF/WHO/ 

WB 

171 

149 

✓ 

✓ 

  ✓ 

✓ 

a 

a 

3 

3.1.1. Maternal mortality ratio (number per 100,000 live births) 

 

3.2.1. Under-five mortality rate (number per 1,000 live births) 

3.9.2. Mortality rate attributed to unsafe water, unsafe sanitation and lack of hygiene (number per 

100,000 people) 

2015 

 

2015 

2012 

UNICEF/WHO/ 

WB/UNFPA 

UN IGME 

GHO/WHO 

183 

 

195 

183 

✓ 

 

✓ 

✓ 

   a 

 

a 

a 

4 
4.2.2. Participation rate in organized learning (% children) 

UNDP_4.1. Mean years of schooling (years) 

2016-2006 

2015 

UNESCO 

UNDP 

161 

188 

✓     

 

5 

5.5.1. Proportion of seats held by women in national parliaments (% women) 

 

UNDP_5. Gender Inequality Index (0-1) 

2017 

 

2015 

UN WOMEN/ 

IPU 

UNDP 

191 

 

159 

✓     

 

a, b 

6 

6.1.1. Proportion of population using AT LEAST BASIC drinking water services (% pop.) 

6.2.1. Proportion of population using AT LEAST BASIC sanitation services (% pop.) 

6.4.1. Water-Use Efficiency (USD/m3) 

6.4.2. Freshwater withdrawal as a proportion of available freshwater resources (%) 

6.5.1. Integrated Water Resource Management implementation (%) 

6.a.1. Total official flows for water supply and sanitation, by recipient (billions USD) 

2015 

2015                   

2014 

2014 

2012 

2015 

JMP 

JMP 

FAO 

FAO 

UNDP 

OECD 

226 

223 

166 

171 

133 

137 

✓ 

✓ 

 

✓ 

 

✓ 

 

 

 

 

 

✓ 

 

 

 

 

✓ 

 b 

b 

a 

a 

 

 

7 
7.1.1. Proportion of population with access to electricity (%) 

7.1.2. Proportion of population with primary reliance on clean fuels and technology 

2014 

2014 

GTF 

GHO/WHO 

212 

226 

✓ 

✓ 
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SDG 

Indicator (units) Year(s) Source(s) 

Countries 

with 

information 

NA treatment 

Notes Regional 

data 
VH HDI Developing Literature 

8 
8.1.1. Growth rate of real GDP per capita (%) 

8.5.2. Unemployment rate, 15 years old and over, both sexes (% population) 

2015 

2016-2008 

UN 

ILO 

209 

185 

✓ 

✓ 

    

a 

9 

9.1.2. Passenger volume, by air transport (number people) 

9.4.1. Emissions of carbon dioxide (millions metric tons) 

9.5.1. Research and development expenditure (% GDP) 

2015 

2015 

2015-2002 

ICAO 

IEA / UNIDO 

UNESCO 

154 

141 

134 

✓ 

✓ 

  

 

✓ 

  

a 

 

10 
UNDP_10. Inequality-adjusted Human Development Index (0-1) 

SDSN_10. GINI Index (0-100) 

2015 

2012-2003 

UNDP 

WB 

151 

134 

    b 

a, b 

11 

11.1.1. Urban population living in slums (%) 

11.5.2. Direct disaster economic loss, average annual loss (USD) 

11.6.2. Annual mean levels of fine particulate matter (PM2.5) in cities (μg/m3) 

2014-2005 

2016 

2012 

UN HABITAT 

UNISDR 

WHO 

94 

211 

184 

✓ 

 

✓ 

  ✓ a 

a 

a 

12 
12.2.2. Domestic material consumption (millions metric tons) 

12.4.1. Compliance with the Stockholm Convention on hazardous waste and other chemicals (%) 

2010 

2015 

UNEP 

UNEP 

192 

185 

 

✓ 

   a 

 

13 

13.1.2. Number of countries with legislative and/or regulatory provisions been made for 

managing disaster risk (Yes/No) 

SDSN_13. Climate Change Vulnerability Monitor Index (0-1) 

2015-2013 

 

2014 

UNISDR 

 

HCSS 

119 

 

146 

  ✓   

 

a, b 

14 14.5.1. Coverage of protected areas in relation to marine areas (%) 2016 UNEP/WCMC 175 ✓     

15 
15.1.1. Forest area as a proportion of total land area (%) 

15.5.1. Red List Index (0-1) 

2015 

2017 

FAO 

IUCN 

225 

226 

✓     

b 

16 

16.3.2. Unsentenced detainees (% prison population) 

16.10.1. Number of cases of killings of journalists and associated media personnel, both sexes 
(number people) 

2015 

2015 

UNODC 

OHCHR 

142 

223 

✓    a 

 

Notes 

In italics: Indicators not included in model 2 / a: Indicators transformed from “less is better” to “more is better” scale / b: Indicators not included by the Inter-agency and Expert Group on SDG Indicators (IAEG-SDGs) 
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BNs analysis and models generation 

“bnlearn” package implements the following constraint-based SLA (Scutari, 2010): grow-shrink (gs), incremental 

association (iamb), fast incremental association (fast.iamb) and interleaved incremental association (inter.iamb). 

Additionally, CI tests must be chosen regarding data typology. In this case, in order to enable the analysis, we considered 

that all indicators follow a normal distribution. Thus, as all values were considered as continuous, we selected those CI tests 

available for this case. In addition, this selection was carried out according to a robustness criterion. This is, we chose those 

tests which provided the same results when running BNs several times. Thus, CI tests selection was reduced to linear 

correlation (cor), Fisher’s Z (zf) and mutual information (mi-g) tests (Scutari, 2010). By applying the combination of both 

SLA and CI tests to the database, 12 networks were obtained. It is of standing out that the network structure is learnt from 

data (data-driven). 

Bootstrap technique was applied to each network by generating 500 potential BNs. By establishing a strength threshold 

value (i.e. 0.8 over 1), which represents the frequency of links, we distilled those relationships common to each network 

generated by the tandem SLA + CI test. In addition, this technique also provides the direction of these links, which is 

understood as the frequency of link direction conditional on the link’s presence (Scutari and Ness, 2018). A quantitative 

value between 0 and 1 denotes this direction. For example, if a link is established from SDG indicator 7.1.1 to 1.1.1 with a 

value 0.7, this also means that from 1.1.1 to 7.1.1 is 0.3. A value of 0.5 would be translated into an undirected link. On the 

other hand, it should be highlighted that, when applying this technique, the result is not visualized on the structure of the 

network obtained by combining the tandem SLA + CI test. 

As regard network visualization, from all candidates, a unique BN is presented to exemplify the graphical results obtained. 

For its selection, a criterion of robustness, regarding the SLA, was applied. First, each SLA was combined with the 3 CI 

tests. Second, the resulting networks were compared. Third, those sets of 3 options presenting more similarities allowed 

selecting the SLA. Finally, the tandem SLA + CI test identifying a higher number of interlinkages was selected. 

We generated two models:  

- First model is made up of 98 countries with full information regarding the final list of 38 indicators. This 

represents 49% of the countries considered. From this sample, 19% correspond to “developed” countries.  

- In second model, with the aim increase country sample, we reduced the number of indicators to 34. Thus, 130 

countries are considered finally for the analysis (15% of them “developed”). However, this causes a representation 

absence of SDG 10.   

Finally, we carried out a detailed analysis for each model separately, identifying similarities and differences in relation to the 

interlinkages between water and sanitation indicators pointed out in the UN-Water Analytical Brief (2016). In addition to 

this, we focused on the strongest links as a relevant output from the models. As a last step, we provided an assessment of 

both models by identifying common interlinkages. 

3. Results and Discussion 

This section presents and discusses achieved results. For both models, the scheme of the network is visualized in Figures 1 

and 2; and key causal relationships are highlighted (Table 2). Main interlinkages between the targets under Goal 6 and other 

targets across the 2030 Agenda are presented in Table 3. They are compared with conceptual linkages described in the UN-

Water Analytical Brief (2016). The discussion seeks to highlight main synergies and potential conflicts between data-driven 

results (Model 1 and Model 2) and theoretical interdependencies (UN-Water Brief). 
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Figure 1. BN model 1 defined by SLA “inter.iamb” and CI test “mi-g”. Bold links show relationships with strength values 

between 0.8 and 1 (see Table 2) 

 

Figure 2. BN Model 2 defined by SLA “gs” and CI test “mi-g”. Bold links show relationships with strength values between 

0.8 and 1 (see Table 2).  
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Table 2. Common interlinkages, regarding model 1, identified among 12 BNs as the combination of detailed SLA + CI tests. 

For “strength” and “direction” columns, maximum and minimum values from all networks are presented.  

Model 1 - Synergies and Conflicts 

Cause Effect Strength Direction a 

Extreme poverty (1.1.1) Multidimensional poverty (1.1.2) 0.99 - 0.97 0.64 - 0.57 

Maternal mortality (3.1.1) Gender Inequality (UNDP_5) 0.90 - 0.83 0.85 - 0.80 

Mortality rate attributed to 

unsafe WaSH services (3.9.2) 

Under-five mortality rate (3.2.1) 0.88 - 0.80 0.57 - 0.47 

Mean years of schooling 

(UNDP_4.1) 

Inequality Human Development 

Index (UNDP_10) 

1 - 0.99 0.57 - 0.49 

Seats held by women in national 

parliaments (5.5.1) 

Gender Inequality (UNDP_5) 0.89 - 0.83 0.84 - 0.77 

Access to at least basic 

drinking water services (6.1.1) 

Access to electricity (7.1.1) 0.95 - 0.86 0.55 - 0.51 

Domestic material consumption 

(12.2.2) 

Emissions of carbon dioxide 

(9.4.1) 

0.98 - 0.95 0.53 - 0.47 

Model 2 - Synergies and Conflicts  

From To Strength Direction a 

Extreme poverty (1.1.1) Multidimensional poverty (1.1.2) 0.98 - 0.96 0.56 - 0.53 

Under-five mortality rate 3.2.1 Maternal mortality (3.1.1) 0.97 - 0.92 0.57 - 0.51 

Mortality rate attributed to 

unsafe WaSH services (3.9.2) 

Under-five mortality rate (3.2.1) 0.97 - 0.94 0.81 - 0.78 

Access to at least basic 

drinking water services (6.1.1) 

Access to electricity (7.1.1) 1 - 0.99 0.58 - 0.50 

Freshwater withdrawal (6.4.2) Levels of fine particulate matter 

in cities (11.6.2) 

0.87 - 0.82 0.62 - 0.491 

Cooperation and capacity-

building (6.a.1) 

Water-Use Efficiency (6.4.1) 0.89 - 0.85 0.61 - 0.55 

Access to electricity (7.1.1) Extreme poverty (1.1.1) 0.82 - 0.80 0.74 - 0.69 

Primary reliance on clean fuels 

and technology (7.2.1) 
Freshwater withdrawal (6.4.2) 0.90 - 0.83 0.59 - 0.52 

Research and development 

expenditure (9.5.1) 

Under-five mortality rate (3.2.1) 0.96 - 0.62 0.77 - 0.69 

Direct disaster economic loss 

(11.5.2) 

Forest area as a proportion of 

total land area (15.5.1) 

0.91 - 0.84 0.66 - 0.56 

Domestic material consumption 

(12.2.2) 

Emissions of carbon dioxide 

(9.4.1) 

0.98 - 0.96 0.57 - 0.48 

Domestic material consumption 

(12.2.2) 

Direct disaster economic loss 

(11.5.2) 

0.99 - 0.98 0.61 - 0.50 

Notes: 

a) A value < 0.50 means the inverse cause-effect relationship 

b) In bold, indicators related to SDG 6 

c) Underlined, those interlinkages commonly identified by both models 
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Table 3. Summary of interlinkages between targets related to Sustainable Development Goal 6. 

Indicator Main synergies / Potential Conflicts UN-Water Analytical Brief (2016) 

Model 1 Model 2 

Access to at least basic 

drinking water services 

(SDG 6.1.1) 

Access to at least basic sanitation services (1.4.1 

& 6.1.2); Undernourishment (2.1.1); Improve 

access to quality pre-primary education (4.2.2); 

Access to electricity (7.1.1); Upgrade slums and 

access to safe and affordable housing (11.1.1) 

Under-five mortality (3.2.1); Access to 

electricity (7.1.1) 

Eradicate poverty (Target 1.1 & 1.2); Access to basic services (T1.4); 

End hunger and malnutrition (T2.1 & T2.2); Reduce maternal 

mortality (T3.1) and end preventable deaths of children under 5 years 

of age (T3.2); Combat water-borne diseases (T3.3 & T3.9); Improve 

quality education (T4.1, T4.2, T4.3 & T4.5); Achieve gender equality 

(T5.1, T5.2, T5.4 & T5.5); Economic growth (T8.1); Create and 

maintain decent jobs (T8.5, T8.6 & T8.8); Reduce inequalities (T10.1 

to 10.3) 

Access to at least basic 

sanitation services 

(SDG 6.2.1) 

Access to at least basic drinking water services 

(1.4.1 & 6.1.1); Freshwater withdrawal (6.4.2) 

Freshwater withdrawal (6.4.2); Access to 

electricity (7.1.1) 

Water-Use Efficiency 

(SDG 6.4.1) 

Integrated Water Resource Management (6.5.1); 

Cooperation and capacity-building (6.a.1); 

Climate Change Vulnerability (SDSN_13) 

Cooperation and capacity-building (6.a.1) Build the resilience of the poor (T1.5); End hunger and malnutrition 

(T2.1 & T2.2); Increase agricultural productivity (T2.3); Promote 

resilient agricultural practices (T2.4); Increase energy efficiency 

(T7.3); Promote inclusive and sustainable industrialization (T9.2); 

Adopt environmentally sound technology (T9.4);  Reduce the impacts 

of water-related disasters (T11.5); Increase sustainable consumption 

and production (T12.1 to 12.8) 

Freshwater withdrawal 

(SDG 6.4.2) 

Primary reliance on clean fuels and technology 

(7.2.1); Growth rate of real GDP per capita 

(8.1.1); Unemployment rate (8.5.2); Forest area 

as a proportion of total land area (15.1.1) 

Access to at least basic sanitation services (1.4.1 

& 6.1.2); Primary reliance on clean fuels and 

technology (7.2.1); Levels of fine particulate 

matter in cities (11.6.2); Forest area as a 

proportion of total land area (15.1.1) 

Integrated Water 

Resource Management 

(SDG 6.5.1) 

Water use efficiency (6.4.1) Research and development expenditure (9.5.1); 

Coverage of protected areas in relation to 

marine areas (14.5.1) 

Build the resilience of the poor (T1.5); End hunger and malnutrition 

(T2.1 & T2.2); Increase agricultural productivity (T2.3); Promote 

resilient agricultural practices (T2.4); Achieve gender equality (T5.5); 

Create and maintain decent jobs (T8.5 & T8.6); Adopt 

environmentally sound technology (T9.4); Reduce the impacts of 

water-related disasters (T11.5); Increase sustainable consumption and 

production (T12.1 – 12.8); Combat Climate Change (T13.2 & T13.3); 

Protect and conserve marine and coastal ecosystems (T14.1, T14.2 & 

T14.5); Protect and conserve terrestrial ecosystems (T15.1, T15.3 & 

T15.5); Promote coherent policies and the rule of law, and build 

effective, accountable and inclusive institutions  (T16.3, T16.6, T16.7 

& T16.10) 

Note: Main synergies: Links that are likely to be mainly positive in that they may be mutually reinforcing or have positive interdependencies; Potential conflict: Links that usually still have positive 

aspects, but there exists a potential conflict in one or both directions unless policies, plans and implementation address the constraints and trade-offs. 
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As regards the access to safe and affordable drinking water (SDG 6.1), it is observed that Model 1 does not predict the 

linkages between access to basic water services (6.1.1) and good health. Such linkages are to a certain extent represented in 

Model 2, particularly by relating access to improved water sources to under-five mortality rate (3.2.1). There is an extensive 

literature dealing with the effects of improved water supply, sanitation and hygiene on health (e.g. Bartram et al, 2005; 

Cairncross et al, 2010; Esrey et al, 1991; Feachem, 1984). Interestingly, both models underline the links between under-five 

mortality rate (3.2.1) and mortality rate attributed to unsafe water, unsafe sanitation and lack of hygiene (3.9.2). On the other 

hand, Model 1 shows the interlinkages between access to basic water services and prevalence of undernourishment (2.1.1), 

access to at least basic sanitation services (6.2.1), access to electricity (7.1.1) and population living in slums (11.1.1). This is 

coherent with several statements provided by UN-Water (2016b) which read “The Goal on poverty calls for universal access 

to basic services [T1.4], which include food [T2.1], water and sanitation [T6.1, T6.2], energy [T7.1] and housing [T11.1]… 

An adequate and reliable water resource is a prerequisite for the production of food [T2.1] and energy [T7.1], as well as 

industry [T9.1, T9.2], which in turn provide jobs [T8.5] and sustain cities and communities [T11.1]… Water supply, 

sanitation and hygiene services are also key factors in improving student health and thus educational outcomes [T4.1 – 4.3]”. 

However, Model 2 only identifies the link with access to energy (7.1.1). However, none of the models show clear links with 

Goals related to sustainable economic growth (8), sustainable industrialization (9) and reduction of inequalities (10). 

In relation to sanitation services (SDG 6.2), both models do not predict relevant interlinkages between access to basic 

sanitation services and the indicators of Goals 3 (health), 4 (education) and 5 (gender equality), which are identified in UN-

Water Brief (2016). Here, it is pointed out that increasing the access to these services in the public sphere, including 

facilities for menstrual hygiene management, supports effective participation of women and girls at all levels in educational, 

political, economic and public life. However, Model 1 shows a direct link to access to basic water services (6.1.1) which, in 

turn, is linked to the indicators detailed above. On the other hand, both models underline the link to freshwater withdrawal 

(6.4.2), which reinforces the relationship between access to water and sanitation. Finally, Model 2 presents a relationship 

between access to sanitation and access to energy (7.1.1). This might be interpreted as a positive correlation (i.e. countries 

access or lack to both services), since wastewater requires energy for its treatment and management. 

The analysis of water use and scarcity (SDG 6.4) shows clear interlinkages between water-use efficiency (6.4.1) and 

integrated water resource management (6.5.1), international cooperation in the water sector (6.a.1) and climate change.  As 

pointed out in the UN-Water Brief (2016b), IWRM balances the water demands from various sectors. This is achieved by 

considering all levels of management, including transboundary cooperation and upstream–downstream uses as appropriate. 

This statement is coherent with the results obtained. On the other hand, CCVMI is constructed by three indicators; increase 

in weather-related disasters, sea level rise and loss of agricultural productivity. It is in relation to the latter where a 

relationship could be established due to the key role that water plays in agriculture. On the other hand, Model 2 only shows a 

direct relationship with official flows for water supply and sanitation (6.a.1). Although these results are coherent, several 

interlinkages related to Goals 2 (hunger and malnutrition), 7 (energy), 9 (sustainable industrialization) or 12 (sustainable 

consumption and production patterns) are missed. Nonetheless, when paying attention to freshwater withdrawal associated 

indicator (6.4.2), several of previously links are identified by both models. Thus, Model 1 predicts the relationships between 

6.4.2 and indicators 6.2.1 (sanitation), 7.2.1 (renewable energy share in the total final energy consumption), 8.1.1 (growth 

rate of real GDP per capita), 8.5.2 (unemployment rate) and 15.1.1 (forest area as a proportion of total land area). As 

highlighted in UN-Water (2016b): “investments in water and sanitation provide significant economic and social returns, as 

well as generate employment [1, 8]. For example, there is a positive linkage between using more efficient water technologies 

[6.3, 6.4] and support to poor farmers [2.3, 8.5, 10.1]”. This is coherent with the results provided by the model. In addition to 

this, how land is used and managed affects water availability. This fact supports the link between 6.4.2 and 15.1.1. Similarly, 

Model 2 identifies the interlinkages with indicators 6.2.1 (sanitation), 7.2.1 (clean energy) and 15.1.1 (forest area). While 

missing those relationships with Goal 8 (sustainable economic growth), a new connection is identified in the indicator 11.6.2 

(mean levels of fine particulate matter in cities). There are different sources in which these particles are ejected to the 
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atmosphere. One of the most common is the combustion of carbon for energy production. This, in turn, requires a high 

amount of water, increasing the level freshwater withdrawal. 

As far as the implementation of integrated water resources management (SDG 6.5), both models do not predict most of the 

interlinkages defined by the UN-Water Brief (2016b), which states that implementing IWRM provides a framework for 

addressing many of the linkages by balancing the needs of different sectors and stakeholders. On the one hand, Model 1 

shows a relationship with water-use efficiency (6.4.1), which was mentioned previously. On the other hand, Model 2 

identifies new connections. In this case, relationships with indicators 9.5.1 (research and development expenditure) and 

14.5.1 (coverage of protected areas in relation to marine areas) are observed.  Implementing IWRM requires important 

investments, including research and development. Thus, it is coherent to understand this connection. On the other hand, and 

as affirmed in UN-Water (2016b), implementing target 6.5 (in combination with targets 6.3and 6.6) mutually reinforce 

targets on protecting and conserving marine and coastal ecosystems (targets 14.1, 14.2 and 14.5). This is also coherent with 

the results obtained. 

BNs and sustainable development 

This paper shows the likely utility of a BNs approach to describe cause-effect relationships among global development 

concepts. As stated previously, understanding these linkages enables the full exploitation of synergies, conflict resolution 

and trade-offs balances. On the basis of this linkages, integrated planning and management can support decision-making, 

reduce investment costs and facilitate implementation of a number of strategies that are geared towards sustainable 

development. 

This study exploits official national data to run the BNs. It then describes the particular nexus between i) water and health, 

and ii) water and energy. This reinforces the idea of undertaking actions from a multi-sectorial perspective if the goal of 

“leaving no one behind” is to be achieved (UN-Water, 2016b).  

Having said this, current data gaps for a number of indicators and countries clearly limit the scope of the study and the 

lessons learnt. Credible data are the lifeblood of decision-making (IEAG, 2014), as are needed to underpin sector advocacy, 

stimulate political commitment and trigger well-placed investment towards optimum health, environment and economic 

gains (UN-Water, 2016a). Moreover, data are the raw material for BNs models, since the validity of their outcomes are 

directly dependant on both data quality and quantity. At present, there are several global initiatives that are monitoring 

different aspects of the development Agenda, but a coherent framework is missing. To the extent that existing efforts 

expands to ensure harmonised and integrated monitoring of SDGs, increasing high-quality data availability, it is expected 

that a wide range of potential uses may emerge in relation to BNs applications. For instance, the study might focus on the 

sub-national level where decisions are taken by decentralized administrations. In this sense, it exits the possibility to 

simulate different scenarios and to infer the impact of potential interventions. To illustrate this idea, and taking as an 

example Figure 2, different levels of improvement (investments) regarding node 3.9.2 (mortality rate attributed to unsafe 

water, unsafe sanitation and lack of hygiene) might be simulated (through CPTs modification). Thus, the impacts on 

immediate nodes 3.2.1 (under-five mortality rate), 4.2.2 (percentage of children participating rate in organized learning) and 

7.2.1 (proportion of population with primary reliance on clean fuels and technology) could be evaluated. Similarly, further 

connected nodes to the latest could be analyzed as well. This requires a shift on the way that potential interventions are 

assessed, encouraging decision-makers to integrate interdisciplinary perspectives which, in turn, it is essential for sustainable 

development.  

In this scenario-based analysis, and considering the difficulty of countries to collect all the information related to the 17 

SDGs, BNs might be also especially helpful when there is scarcity or some degree of uncertainty in the data. For example, 

and following with the same example, if there is no information related to the mortality rate attributed to unsafe water, 
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unsafe sanitation and lack of hygiene, it is possible to set up different hypothesis and assess the potential impacts on 

associated nodes. 

A last potential application of BNs falls on its inverse use (Carriger et al., 2016; Pérez-Foguet et al., 2017). Contrary to the 

methodology in scenario simulation, where one or more nodes can be modified to assess the impact in subsequent nodes, this 

use permits to establish a desirable value in an objective node and obtain the new values of connected nodes in order to reach 

that value. For example, and regarding Figure 2, it is possible to define a goal for node 1.1.1 (population below the 

international poverty). Then, when running the model, the values of associated nodes (in terms of conditional probabilities) 

are modified consequently. Finally, the analysis should be focused on input nodes. In this example, it would be possible to 

observe to which extent nodes 3.9.2 (water, sanitation and hygiene services), 5.5.1 (proportion of seats held by women in 

national parliaments) and 9.5.1 (research and development expenditure) change. Thus, specific interventions can be design, 

assess and implement. This possibility might be useful for planning purposes, allowing decision-makers to optimize these 

interventions in order to achieve the expected results. 

4. Conclusions 

In this study, a BN analysis have been carried out to elucidate the interlinkages of SDG 6, related to water and sanitation, 

across the 2030 Agenda. In so doing, a data-driven approach has been applied. 

Taking as a starting point the Analytical Brief of UN-Water, we have compared the results provided by BNs models with the 

main water and sanitation interlinkages on the SDGs identified by this publication. We have demonstrated the coherence of 

the results obtained and we conclude that BNs approach is a potential and useful tool to accommodate the complexities and 

interdependency of the targets formulated within the 2030 Agenda. 

We are concerned of the limitation of this study due to current data availability. We highlight the correlation between strong 

interlinkages and number of countries considered. This fact, in combination with the differences between both models 

applied, requires global consolidated data for further analysis. In addition to this, we have pointed out potential uses which 

could support the required multi-sectorial approach if sustainable development is to be achieved. These aspects suggest the 

way forward.  
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Abstract 
In 2014 Routledge approached us and asked if we would be interested in editing a book on Sustainability Indicators (SIs). 
With a combined experience from over 30 thirty years of effort and learning from responses to our previous books and papers, 
we felt that this may well be an excellent opportunity to reflect on SIs and their ambition of ‘measuring the immeasurable’. 
What is the current state of thought amongst the SI community? What has been achieved and where were we succeeding and 
failing? These were questions we had been asking ourselves, especially with the recent rise of ‘alternative facts’, ‘fake news’ 
and the Twitter phenomenon where complexity is condensed into tweets of just a few hundred characters. How do SIs fit into 
all of this, especially as they are themselves designed to capture complexity into condensed signals and it has long been known 
that SIs can be selectively portrayed to support polarised sides of a debate? Editing a book is not an easy task. Esteemed and 
distinguished authors must be willing to engage in the process and write for a ‘collection’ - a task often seen, unfortunately, 
as lacking in high academic merit - but we were delighted by the response from our colleagues. Over 50 SI experts from a 
wide range of backgrounds have collaborated in the Routledge Handbook on Sustainability Indicators and Indices. Rich 
sections on the history and theory of sustainability measurement, approaches and methods used, agencies involved and 
critiques of where we are today have been constructed in over 30 chapters. This paper is a reflection on our combined learning 
from the reflection – a mindful reflection on reflection, and an assessment of the malign and benign forces at work in 2018 
within the SI arena. Finally, we seek to identify where SI’s may be going over the coming years. 
 
 
Keywords: Sustainability Indicators, GDP, fake news 

1. Background context 

“The moment we begin to fear the opinions of others and hesitate to tell the truth that is in us, and from motives of policy are 

silent when we should speak, the divine floods of light and life no longer flow into our souls”. Elizabeth Cady Stanton 

We will argue in this paper, without trying to be alarmist, that a truly existential issue faces all of us in the sustainable 

development community and, in this crisis of truth, Sustainability Indicators (SIs) are at the epicentre, especially as given the 

breadth of concerns within sustainable development the variety of what can be an SI is understandably immense. Similarly, 

there is ‘no one SI to rule them all’ (although some agencies have arguably exhibited a Mordor-esqe attitude to SIs on occasion) 

but a wide diversity of approaches and indicators, each emerging in their own time and space and designed to meet a defined 

set of objectives. Thus, we have seen indices such as the Human Development Index (HDI), Ecological Footprint (EF) and 

Environmental Performance Index (EPI) becoming popular and at the time of writing we have the emergence of the targets 

and indicators linked to the Planetary Boundaries concept (Steffen et al., 2015) as well as the Sustainable Development Goals 

(SDGs). Indices (aggregations of indicators) such as the HDI and EPI have evolved over time in response to feedback from 

researchers and practitioners, and the ever-increasing availability of data (albeit of varying qualities and arguably still not 

enough) also acts as a spur to change. But at their heart we all know that indicators and indices are simplifying tools designed 

to capture complexity and help convey information to specialists and non-specialists alike. This is, of course, well known and 

there are many published examples spanning decades as to how this process of simplification results in trade-offs; decisions 

to exclude and include and to manipulate data (for an early review please see Morse, 2004). These are human decisions and 

while they are rationalized by their ‘owners’ they are nonetheless inherently subjective. It is acknowledged that not all will 

agree with those decisions and the reader need look no further than the numerous debates that have resonated over the years 

regarding the HDI let alone the EPI and its precursor called the Environmental Sustainability Index (ESI). Morse (2004) 

provides a summary of the debates surrounding indices such as the HDI and EPI/ESI. We must accept that SIs are not ‘laws 

of nature’ but human constructs that reflect the biases, failings, intentions and worldview of their creators. In that sense, all 
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indicators and indices can be labelled as ‘fake’ by at least someone and they can provide ‘evidence’ (based on different biases, 

intentions, assumptions and worldviews) to back it up. Needless to say, this ‘home truth’ may be uncomfortable reading for 

those of us in the indicator business.  

The SI landscape is certainly a constantly shifting one, and while much of what we have said in the previous paragraph is well 

known there are still many questions that need answers. Amongst them are: 

• What is the current state of thought amongst the SI community? 

• What has been achieved and where were we succeeding and failing?  

• What challenges and threats face the informing agency at the heart of the SI process?  

• And, most seriously and existentially for the indicator oeuvre, is there evidence of a fight on-going for what we 

might call “the soul of facts”?  

These were questions we had been asking ourselves, especially with the recent rise of ‘alternative facts’ and ‘fake news’ 

(Mitchell Waldrop, 2017) which take highly selective stances on what are ‘facts’ and the Twitter phenomenon where 

complexity is condensed into tweets of just a few hundred characters. ‘Fake news’ can be believed as ‘truth’ by many people; 

it can indeed become ‘realer than real’ (Berkowitz and Asa Schwartz, 2016). At one level, the rise of the fake news 

phenomenon in the 2000s is but a recent manifestation of the hoaxes portrayed by writers such as Edgar Allan Poe in the 19th 

century. For example, Poe published a short story (called the ‘Balloon Hoax) in the form of a newspaper article that purported 

to describe the first crossing of the Atlantic by a manned balloon. The story was very detailed and had a ring of plausibility 

about it, hence it was believed by many who first read it in the Sun newspaper published in New York. It was only later 

revealed to be a hoax. While Poe certainly did not invent hoaxes, he was one of the first writers of science fiction and clearly 

had a fertile mind, even if some have since suggested that the balloon hoax was derived from other written and contemporary 

sources (Wilkinson, 1960). What is different about the fake news of today compared to the 19th century is its rapid spread and 

indeed democratization via social media such as Facebook and Twitter (Carruthers and Ballsun-Stanton, 2010). Anyone with 

a Twitter account can now make up their own news and the system facilitates its rapid spread via ‘re-tweeting’. Re-tweeting 

has a cascade, even domino effect which means that a news item can literally be spread to millions of Twitter users in seconds.  

How do SIs fit into all of this, especially as they are themselves designed to encapsulate complexity into condensed signals 

and it has long been known that SIs can be selectively used to support polarized sides of a debate? Indeed, are SIs the 

sustainability equivalent of ‘tweets’; fulfilling an innate human thirst for rapid information that simplifies complexity? Also, 

do Sis under certain circumstances play into a desire amongst some for ‘alternative facts’ which can be in some way 

customized, even weaponized to create ‘formations of terror’ in receiving communities (Bell, 2017)? Are we in a fight about 

the nature of facts without even knowing it? An apparent ‘easy’ answer to these questions rests with motivation. Those of us 

in the ‘indicator business’ think of ourselves as having a good motive; we want to help bring about a positive change. Hence 

the indicators we develop and encourage others to use are there with the very best of intentions. Poe knew he was writing a 

hoax and while the offices of the Sun were besieged with people looking to get the ‘news’ about the balloon crossing, Poe 

would no doubt argue that he did not set out to hurt anyone. But are the modern purveyors of fake news purposely setting out 

to cause damage? Some many well but it might surprise us how genuine the motives are of those who create and spread such 

news.  

2. Aim 

In 2014, a major publisher - Routledge - approached us and asked if we would be interested in editing a book on SIs. With a 

combined experience of over 35 thirty years of effort and learning from responses to our previous books and papers, we felt 

that this may well be an ideal opportunity to reflect the history and theory of sustainability measurement, approaches and 

methods used, agencies involved and critiques of where we are today and their intended use for ‘measuring the immeasurable, 

especially the awkward question as to whether SIs’ play into a desire for ‘alternative facts’. In this paper we will set out the 

results of our analysis of the book and, in particular, the major points which emerged regarding the future of SIs; what the 
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authors felt was needed going forward from here. Following that, we will discuss some of the thoughts regarding the point we 

make above about the future of SIs in this new era of ‘fake news’ and ‘tweets’. These thoughts were informed by various 

points made throughout the book as well as numerous email communications we have had with contributors since 2014, 

especially by some authors who were clearly frustrated with what they regarded as the current state-of-play regarding ‘non-

use’ or arguably ‘misuse’ of SIs. As we have noted above, this raises some uncomfortable (perhaps) issues for those of us in 

the SI community. Without wishing to be overly-provocative, are we also playing the same game as those who readily use the 

term ‘fake news’ at every opportunity that suits them and use ‘tweets’ to get their messages out? Are we not in a glass box and 

perhaps should we stop throwing stones? 

3. Methods 

The ‘Routledge Handbook of Sustainability Indicators’, published by Routledge, London, in 2018 provided the material that 

we analysed to address the questions noted above. In the book, 59 distinguished authors, many of them with decades of 

experience working on the ‘coal face’ of SI development, have contributed to map out the past experience of SIs marking the 

experience of sustainability accountability over time. To provide a summary of the topics covered in the book is never really 

an adequate exposition of the richness of the original, and here we can only really set out some brief outlines of the material 

and messages. We divided the book into four sections and 34 chapters as shown in Figure 1. The topics spanned the theory 

and history of SIs through to methods, agency experiences and critical reflections. As editors we sought to avoid a book which 

simply acted as a shop window for many ‘favourite’ SIs, but wished to include a more nuanced perspective with regard to the 

many years of experience indicator community has amassed with their use. Hence the two sections in the book on experience 

and reflection.  

We should emphasize here that our intention in this paper is not to offer a kind of book editorial or summary, but instead we 

have utilized the material in the book as a source of information to address the questions we set out regarding the future of SIs. 

In effect, this paper is an ‘analysis of analyses’, and given the material in the book is contemporary and reflective then it does 

provide a unique resource on SIs. 

 

 

Figure 1. The structure of our book set in its environment 

Theory	and	History

Methods

Agency	Experience	

Critical	Reflections	

Bellagio,	evolution,	consensus,	data,	limits,	
lessons

World	views,	
participation,	
governance,	

green	accounting,	
Footprint

South	Asia,	HSDI,	EPI,	
Government	application	of	
SI,	Finland,	SES,	Urban	

development,	Stakeholders,	
Agregation,	Forest	
landscapes,	Africa

Choice,	relevance,	data-
driven,	meta	

evaluation,	applications

A	wider	environment	
of	scepticism,	
disbelief,	lack	of	
trust,	news	
manipulation	and	
resulting	fear	
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Authors in the collection made various and wide-ranging suggestions regarding future work on SIs, and we have focused on 

those points that stood out from the various conclusions reached by the contributors.  The points span the following: 

1. More case studies on the development/use of SIs 

2. Alternatives to GDP 

3. The growing confusion around data provision 

4. The essential need for a more systemic perspective 

5. Top-down versus bottom-up 

6. Issues around the aggregation of indicators 

All of these cover long-established debates in the SI arena, of course, even if some have arguably received more attention than 

others. Indeed, it should perhaps not be surprising that they emerged again as strong points of discussion within the book. But 

it was also clear from the chapters that the debates had moved on and it is useful to set out some of the conclusions that were 

reached and what we as editors can conclude from those conclusions. 

4. Finding/ Results and Discussion 

4.1 More case studies on the development/use of SIs 

Pintér et al. (2018) called for a “richer selection of case studies” to help create “practical and more useful guidance” regarding 

Sustainability Assessment and Measurement Principles (STAMP). The book had a number of ‘case study’ chapters which 

discussed the development and application of SIs; examples are chapters from Conrad and Cassar (2018) on experiences with 

the EPI in Malta and Rosenström (2018) on SIs in Finland. There is certainly a need for more research of this type to allow 

for the identification of potential generic patterns as to what works best, or not. However, case study-based research certainly 

has its critics and challenges, as those of us who have tried to publish case study-based research findings have repeatedly 

found. The dilemma, and one that is so often espoused by paper reviewers and journal editors, is that case study findings are 

often not readily generalizable. Hence, they can be dismissed as being ‘context specific’; linked to a specific place and time. 

How can we derive more universal ‘truths’ from such work, especially in a world of publication metrics where impact factor 

(at the level of the journal) and H-Index (at the level of the individual researcher) increasingly seem to dominate? Competition 

for space in the best journals is increasingly intense and journal editors are looking for those papers that will amplify the 

journal itself (often by promoting those who are already successful and therefore less risky) and boost ratings? Given this 

competition for space it is easy to appreciate how negative comments from some reviewers can readily be seized upon and 

used to reject case study-based work. This is not the case for all case-study based papers, of course, and some reviewers and 

editors are more amenable and supportive than are others, but we do nonetheless wonder how much is missed.   

But case studies have a place, and in the case of SIs they allow us to understand much more about that critical interface with 

SI users albeit, we accept, in what can be quite context-specific spaces. Case studies can provide early examples of experiences 

which may become general trends, weird results which provoke curiosity, even contradictions to the established opus of ‘truth’. 

Hence, we agree with Pintér et al. (2018) that a case-study based body of knowledge regarding SIs can allow for new patterns 

to emerge (and old ones to be questioned) and that is why we were keen to include case study experiences in the book. What 

we perhaps need is a meta-analysis of SI use experiences, but in order to do this we need the case studies to be peer reviewed 

and placed in the public domain. This is very challenging work, as we will note later in the paper, but also very valuable. The 

dilemma, of course, is how to get such case study-based material on SIs reviewed and published. Maybe there is a need for a 

new journal devoted to case studies in sustainability. 

4.2 Alternatives to GDP 

Dahl (2018) has reiterated the need for alternative indicators to GDP and suggests material flow analysis as an integrating 

approach in sustainability assessment. There are echoes here with an intriguing call by Costanza et al. (2018) for a “New 

Bretton Woods” to help achieve a broad consensus regarding alternative indicators to allow us to move beyond GDP and 
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achieve “measures of what we really want and to achieve these goals”.  However, while the “New Bretton Woods” idea is 

tantalizing, these calls to explore alternatives to GDP have been with us for some years with little obvious success to date. 

Indeed, one of the rationales for the HDI was as a counter-weight to the economic-based indicators that were perceived by the 

UNDP to be so dominant in assessing development. Nonetheless, economic-based indicators still dominate in a world 

desperate to see the return of economic growth and prosperity. We flag this issue to contribute to the amassing weight of 

evidence that GDP does not provide the necessary or sufficient resilience for twenty first century needs. But the question is 

arguably not whether other indicators are needed but what they should be and how to get them accepted in the light of 

experience to date? 

4.3 Confusions in data provision 

Esty (2018), Esty and Emerson (2018) and Hsu (2018) all noted the potential of indicators to help support environmental 

decision-making but also pointed to continuing problems of data limitation, even if there has been much improvement and 

data are no longer as scarce as they once were. We very much agree, as without an adequate availability of good quality 

indicators there is a likelihood that indicators may be deeply flawed and hence readily dismissed. Rosenström (2018) makes 

the interesting observation about how digitization has done little to improve the timeliness of data provision or: 

 “created new opportunities to measure sustainable development. Too much of the data is still presented on an annual basis 

when more real-time databases could be created.”  

The question, of course, is what it would take to achieve this? Collecting necessary data of the required quality is likely to be 

resource-demanding and /or imagination challenging. At one level we have a profusion of data being collected of a good 

quality on a daily basis on mobile phones. But how do we lever this for SI purposes? It may be that what we have witnessed 

so far with digitization is but a reflection of the limited capability of machines on the one hand and the creative imaginations 

of researchers on the other, and as machines become more sophisticated, machine learning begins to expand and researchers 

become more aware of the wealth of data incidentally collected second by second by millions of people, then we may pass 

into a new age of automation, with machine and human; digital and analogue combining to revolutionize the concept of the 

data needed for SIs. Jean et al. (2016) provide an example of using machine learning to help predict poverty, using another 

tool (satellite imagery) which may well grow in importance for populating SIs especially in places where resources to collect 

good quality data in the field may be lacking.  

4.4 A systems perspective 

Vermeulen (2018) suggests that “we need to build indicators and index systems based on a clear guiding vision and key 

elements”. In related vein, Rotz and Fraser (2018) call for a greater acknowledgement that “conceptual and instrumental 

challenges” of sustainability and resilience are deeply linked and that “indicators need to be nested in a broader analysis that 

helps to make sense of context specific dynamics”. Gallopin (2018) also calls for a more integrated approach that considers 

linkages, synergies and antagonisms between goals and targets (and their associated SIs of course) rather than simple listings 

under themes as we see with the Sustainable Development Goals (SDGs). It is hard to disagree with that or indeed his sombre 

conclusion that “given that linear thinking is still dominant in most institutions (including governments), the outlook is rather 

pessimistic, at least in the short and medium term.” Herein rests a significant challenge that has been with us for some time. It 

has been relatively easy for us to ‘talk the talk’ of such systems approaches to SIs, and we have also added out voices to this 

over the years, but linear thinking and desires to strict accountability over relatively short time periods can work against 

‘walking the talk’. Clearly the issues involved here are proving to be far more intractable than we would have thought over 20 

years ago when we first began working on SIs. Breaking out of the “linear thinking” cultural mindset arguably dominant since 

the advent of the first industrial revolution and prevalent as a knee-jerk against risky ideas in most institutions clearly requires 

much more analysis as to why such thinking has become so dominant in the first place. Some of it is no doubt driven by a 

legacy of innate distrust of the individual in the world of work to ‘deliver’ and a commensurate push for an apparent 
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accountability that makes sure ‘delivery’ can be assessed. In this sense SIs could be seen to be part of a more general drive to 

crudely equate measurement with outcomes relating to inputs (no matter how spurious the measurement method applied); as 

if any single input were ever responsible for one single output. This delusion propagated by the management classes to 

spuriously link outcomes to expenditure has been exemplified in the past by planning frameworks such as the ‘logical 

framework’ approach (Baccarini, 1999; Coleman, 1987; Bell, 2000; Cordingley, 1995; Girma et al 1996). The ‘square peg’ 

mindset of the ‘log frame’ as developed in the 1980s and 1990s might be said to have found a refined form in the SIs of recent 

times.   

4.5 Top-down vs bottom-up 

A further point linked to the systems perspective is the role of SIs in helping to facilitate the development of an appreciation 

of what sustainability and resilience are in any particular context. Hence it is not solely a case of SIs being created as an 

operational output after an understanding of sustainability and resilience has been arrived at, but SIs as a catalytic precursor 

to help facilitate such an understanding. SIs can help ground such discussions and provide tangible representations of what is 

seen as relevant and important. We have often advocated such a dialectic (see, for example, Bell and Morse, 2012) and others 

in the book have also made the point. For example, Sari et al. (2018) in their analysis of SIs in complex, multi-functional forest 

landscapes suggest that “the role of criteria and indicator processes in these complex and contested situations is perhaps more 

to allow a structuring of the debate than to provide a set of boxes to be ticked.”   

However, one of the dilemma’s here is what to do with the SIs that emerge out of such a dialectic? Once the SIs have allowed 

an ‘arrival’ at an understanding and have no doubt passed through a process of discussion, sieving and modification then it is 

possible that they may not necessarily match the SIs that have been set in a more ‘top-down and one-way’ process by 

government or other experts. This is certainly not to say that ‘top-down and one-way’ SIs are bad or irrelevant; they may well 

have a strong antecedence of their own and offer advantages such as cross-country and timeline comparison. Joss and Rydin 

(2018) address this ‘bottom-up and dialectic’ – ‘top-down and one-way’ space in the context of urban sustainability and come 

to understandable conclusion that: 

 “What constitutes an appropriate balance between the standard aspects of urban sustainability frameworks and the local 

variation of particular applications remains an open discussion in need of ongoing conceptual and practical exploration.” 

We very much agree with this sentiment and would postulate that while much progress has been made with participatory 

methodologies and their acceptance within interventions, there does indeed still seem to be something of an unexplored 

boundary between SIs developed via such approaches and those derived ‘top down’ by experts. The dualism implicit in this 

may be false and, in the ‘space’ between experts and ‘people’ emerge many of the intriguing problems which provide the 

wider environment for the SI discourse and project. This is surely a space in deep need of mindful exploration? Either by intent 

or accident experts can be perceived (perhaps even presented?) as callous and unworldly, indicators as symptoms of authority 

and even demagoguery, and the entire SI project as an example of an educated and liberal elites conspiracy to enforce an 

agenda at variance with common sense and social/ economic needs. This remains a contaminating issue for the field but maybe 

one which could be most richly mined in future research. Where there is contention - there should research cluster.  

4.6 Aggregation of indicators 

One of the fascinating aspects that emerges from the book chapters is the varied views on aggregation of indicators into indices. 

Many of the chapters include examples where this has been done, for example with the EPI (e.g. Esty and Emerson, 2018) and 

a derivative of the HDI called the Human Sustainable Development Index (HSDI; Bravo, 2018) but there are some stark 

warnings as well. As Jesinghaus (2018) has passionately put it; “Aggregation is evil when it gives mediatic power to numbers 

that do not deserve it.” However, and perhaps surprising to us, we do not detect a clear consensus amongst the authors that 

more integration is required, and Dahl (2018) when summarizing the outcomes of a UN Commission on Sustainable 

Development (CSD) led process to identify SIs reflects this by noting that “despite repeated requests from governments, 
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reviews of progress, and the best efforts of the scientific community, no consensus emerged on highly aggregated indices”. 

This raises an interesting dilemma. On the one hand, one of the ‘givens’ often assumed in the indicator world is that aggregated 

indices are useful tools as they help present complexity in simple ways. But on the other-hand we all seem to know the risks 

involved as aggregation can ‘hide’ key decisions over what to aggregate and how that can, in turn, significantly influence the 

result and any conclusions that emerge from it (Morse, 2014). Indeed, the creators of the HDI say that they have resisted major 

changes to the index for that very reason and go to great lengths to present ‘standardized’ (in methodological terms) versions 

of the HDI to allow for time-series comparisons (Morse, 2004). But it seems that the experts have yet to arrive at a clear 

consensus although this is not for the want of trying. We would argue that the point made by Dahl (2018) regarding what 

‘consumers’ of SIs want needs to be more fully developed; is there demand for aggregated indices and are there patterns which 

exist in this demand between types of SI consumer?  

But, the issue of aggregation takes us to the equally contentious issue of what is a fact? How is an ‘aggregation of facts’ 

contrived to be meaningful and how does meaning result in an action/ response which is in some way commensurate to the 

‘fact’ outlined in the aggregation? What is real and what is fake in the SI world? This is a question that drives at the very heart 

of our interests in SIs, and we provide some thoughts in the next section. 

4.7 Fake SIs? 

Given that SIs occupy that nexus between developers and users, it seems almost inevitable that there could be an element of 

selection-bias by the latter (Frederiksen and Gudmundsson, 2013). No matter what the motives of the SI developers, some 

people may indeed want to make selective use of them to convey a message. But this is a complex landscape. For example, in 

one of the first published studies of the use of SIs by government, Herzi (2004) suggested that there are five categories of use: 

• Instrumental: Indicators inform decisions that have impacts 

• Conceptual: Catalyse learning and understanding 

• Tactical: Substitute for action and deflect criticism 

• Symbolic: Ritualistic assurance 

• Political: Support a pre-determined position 

The first two in the list are arguably the most ‘positive’ uses in the sense that the SIs seemed to be linked to a desire for genuine 

improvement, while the other three are arguably more ‘negative’ in the sense that they seem to be about deflection, false 

assurance and support entrenched positions that may not necessarily be to the benefit of society as a whole. But while the 

categories may seem to be neat the boundaries between them are blurred, and what one user may genuinely regard as 

‘instrumental’ use of an SI another may vigorously regard as ‘political’. Thus, in any one context, and with a suite of SIs 

available, it is not hard to imagine that different users would select different SIs to address any of these uses. For the researcher 

this may be something of an intriguing and bewildering minefield, and an attempt to categorize the use of an SI cherished by 

one group as ‘political’, while others may see it as ‘instrumental’ or ‘conceptual’, can leave him/her open to the claim of 

spreading ‘fake news’. Even if the process of categorization was opened-up to a kind of democratic decision-making where 

the majority view rules, it is not guaranteed that those in the minority would accept it and it is highly likely that at least some 

of them would not. Even so, we may argue that it is the majority view which counts and a minority, even if vociferous, is still 

a minority. After all, science may not be based on fiat but in the world of SIs fiat is arguably the only game in town. But here 

is another symptom of the complexity masked by indicators. Indicator intention and application relates to psychological 

choices and these are deep waters worthy and in need of exploration. 

We as SI developers and practitioners should not be surprised by any of this, It goes with the ‘indicator territory’ and we must 

accept, whether we like it or not, that the indicators we develop or promote may be ‘used’ in ways that we did not intend or 

that users may be highly selective in their choices (Frederiksen and Gudmundsson, 2013). Indicators do not have any special 

privileges in the complex, ‘messy’ real world of decision making where those who take the decisions are being influenced by 
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implicit and explicit concerns and pressures, and it would naïve to think that an SI, no matter how well-crafted or presented, 

would be a sole, pure source of influence. Even efforts to develop neat looking typologies of SI use have to contend with a 

multitude of interactions and forces as well as multiple perspectives on what our apparently ‘well defined’ categories mean. 

In a sense, we are part of that mess and are playing the same game as everyone else; maybe we just don’t reflect on it as much 

as we should? As Rotz and Fraser (2018) have noted: 

“we must remain focused on understanding the conditions within which sustainability and resilience get manipulated in the 

interests of political-economic and social empowerment and capital accumulation. How are these concepts deployed by 

different groups, and for what possible ends?” 

If we wish to produce an SI that will somehow be above all of this then maybe we would be chasing the end of a rainbow – 

we would be seeking to ‘know’ in a manner which is culturally and ethically ‘neutral’. As social and psychological actors in 

the world with innumerable stakes in outcomes of diverse kinds this can never be possible. In the same vein, if we are in the 

business of producing indicators to help make a difference by influencing those with power then we must expect that power 

to also have an impact on the uses it puts to those indicators. We cannot have it both ways. Decision-making is a complex 

process and decision-makers will be subject to many influences and motives. But does this mean that we have to stop trying 

and accept that we will always be producing and promoting ‘fake’ indicators; at least in the eyes of some? Well no – not at all. 

We live in a world where many (rapidly becoming ‘most’) people get their news from social media outlets such as WhatsApp, 

LinkedIn, Twitter and Facebook. This context demands that complex events be reduced to ‘Tweets’ of just a few hundred 

characters. Such simplifications are pernicious and viral. They can influence the thinking of many people. At the time of 

writing Twitter has over 300 million ’active’ users across most countries of the globe, and the President of the USA (the most 

influential global citizen?) is using it to get highly subjective points over directly to the public – presenting as truth – and it 

seems will readily re-tweet ‘news’ without necessarily checking its veracity.  

There is an appetite for communication tools that seek to present complexity in ways that busy people can interact with but 

with simplification come consequences. To some extent SIs are trying to do the same thing and there is also an appetite for 

them, but as with Twitter there are profound dangers to the consumers of such simplification. This brings us neatly into what 

we think the messages in the book tell us about the future of SIs? 

What conclusions can we come to regarding the future of SIs based upon material provided by contributors to the new book 

on SIs? Well, it would appear we are in something of a fight on a number of fronts, spanning familiar battlefields such as 

aggregation, stakeholder participation and the need for good quality data to less-well trodden territory such as the need for 

more published case studies on the use of SIs so insights can be drawn.  There is no other way of putting it. But perhaps the 

front that is of greatest concern to us is a fight of an existential nature in terms of reasonably objective and verifiable facts. We 

recognize the reality that interests will always make selective and distorted use of indicators. That is the price we pay for being 

human beings involved in the objective/ subjective indicator business. So, what we would like to see is a greater emphasis in 

research on the space between production and use. Specifically, the uses to which SIs are put and how that information can 

feed back into the development and presentation of SIs. As Bravo (2018) succinctly puts it: 

“Any index inevitably is the product of a number of more or less arbitrary choices (not only scientific ones, since politics often 

plays a major role).” 

From what we have seen before, clearly there is no magic bullet or one-size-fits-all here; no SI can ever be made immune to 

all manner of intended and accidental distortion and we need to be aware of our own biases; a point echoed by Spangenberg 

(2018): 

“Indicator users should be aware of the limitations each indicator, index or indicator system has, partly from the method of 

calculation, but also from the often-hidden assumptions inherent to the world views from which they have been derived. 
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Practitioners should choose and combine the indicators they use carefully, being fully aware of these biases and their impacts 

on both the measurement and the messages derived from it, implicitly or explicitly.” 

But that must not dissuade us for further development of SIs and seeking new ways for presenting them to a defined group (or 

groups) of consumer(s). We just need to be more reflective in our assumptions, smarter in our use and have a better sense who 

our consumers are, what they are looking for and how we can best help. To date, SI development has been almost entirely 

‘creator-led’ with little, if any, input from consumers of those SIs – those we intend to use them. That balance needs to shift 

so that we as creators move towards a model of co-creation with the voices of SI consumers being part of the process. This is 

not a new call, of course, and we amongst many others have been saying it for years, including Almassy and Pinter (2018), 

but we still feel that much more progress is required. As Rosenström (2018) has noted: 

“good indicators are of little influence and importance if they are not used in any way. Although use does not guarantee the 

desired influence, aiming at use is well argued for. Hence efforts to create opportunities for use and disseminating information 

remain crucial.” 

The ‘Indicator Policy Fact Sheets’ proposed by Janoušková et al. (2018) are one tangible suggestion to “help SI users (most 

often decision- and policy-makers) choose and use the most appropriate indicators for assessing particular sustainability 

issues.” But maybe there is a deeper issue at the heart of this issue. Maybe the indicator community (along with many other 

areas of rationalism) were laboring under a misapprehension that we are – as Steven Pinker suggested in his opus – ‘The Better 

Angels of our Natures’ (Pinker 2011) – living in a more rational world. A world where instinctive and knee jerk reactions are 

beginning to fade out in the on-rush of rational and objective decision making. Of course, this has been a dream for time out 

of mind. Since Plato’s ‘Philosopher Kings’ through to Saint Simon and Auguste Comte’s concepts of a new social doctrine 

based on science and today’s algorithmic governance by global data corps like Facebook, humankind has sought what we may 

consider to be an illusion of a rational world. A world governed by clear data, un-contestable facts and wise administration. 

To some extent the whole SI debate might be seen as a sub-set of this project – a rationalizing project to save human beings 

from their instinctive and irrational selves.  

Sadly, this does not seem to be working terribly well. Plato’s Republic remains a paper dream only, Saint Simon and Comte’s 

technocracy could not dispel the terror of the French Revolution and the power of global algorithms raise as much ‘1984’ and 

‘Brave New World’ angst as they do hopes for a better world. Indeed, the total transparency which Facebook might be argued 

and provoking, mimicked and played to horrific levels in David Egers book: ‘the Circle’ appears only as a nightmare of 

algorithm-led social engineering. Knee-jerk reactions, the denial of “evidence-based facts” with disdain, the assumption of 

subjective ‘truth’ and the trust in instinct seems to be prevalent and has been argued to lead to more terror and even an 

amplification of terror based on compounding cycles of unreasonable social fear (for a fuller analysis of this see Bell (2017).  

The experiences of the authors of this book with the complexity of the indicator / indices fields, the short comings of any 

statistical means to address complex truths, the uneven and evolving nature of the field and the issues of objectivity and 

subjectivity remain as on-going strategic and tactical issues, logistic complexities set against a much more troubling 

background – the human proclivity to the irrational and the dupes of the sellers of snake oil.   

Kahneman suggested that our instincts lead us astray and make us do the wrong thing. The sellers of snake oil and charlatans 

within the world of politics continue to make mass movements out of bias and prejudice. Young men and women continue to 

be swept up in the suicidal dreams of death cults – reason often seems to be more of an aspiration than a working reality.  

It is into this malaise that our book tries to quietly but insistently make its modest contribution.  

5. Conclusions 

The book bears witness to the long, hard and arduous task of understanding. Understanding how human beings interact with 

social, technical and environmental issues, how the psychology of the human attempts to measure the immeasurable and make 
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sense of the world so that in future there will be a world to make sense of. It is a testimony to the noble attempt at the 

measurement of the immeasurable. So far great progress has been made. Hosts of indicators and indices have been constructed 

to try and influence people with power (including the public) to do wiser things. There remains important second order work 

to engage with. This can be framed in terms of continuing reflection on the formulation of indicators by experts and 

communities, the strategic, tactical and operational value and targeting of indicators and the development of forms of 

assessment. All of these have been mulled over but the mulling is in its infancy and has not as yet taken into account the 

fearsome push-back of those hostile to the sense of the SI project. We must not forget, we are in an existential fight.  

We are not at the end of the SI process but we may be at the end of the beginning. Battle lines are still being drawn up.   
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Under the pilot project of the European Commission (EC) related with a common methodology for measuring the 

environmental efficiency of product and organisation (Product Environmental Footprint - PEF and Organization 

Environmental Footprint - OEF), the guidelines for calculation of environmental footprint for a 25 products and 2 

organisation have been developed. One of these product were red meat product. Environmental efficiency, according to this 

methodology, is the potential environmental impact of a multi-faceted product life cycle, this means covering various 

environmental problems. Under this category of pilot actions, rules have been prepared by Technical Secretariats to 

calculate, verify, and communicate the environmental performance of various categories of product. Because assessment of 

the environmental footprint of products and organisations may become mandatory in the future - or at least highly 

recommended as best practice in defining and communicating the environmental impact of products - the key question is 

related to the impact of such an action on the competitiveness of products and organisations in individual member countries. 

Because the use of electricity can have a significant impact on the final environmental footprint of a given product and 

organisation, studies have been undertaken to assess the impact of different energy systems on the outcome. Therefore, the 

article presents a life-cycle assessment (LCA) for the pork meat production process for different energy scenarios, in 

accordance with the draft guidelines of product and organisation Environmental Footprint pilot phase of European 

Commission. Scenario analyses were carried out using data for the European average, Polish, Bulgarian, French and Dutch 

electricity structure. France and the Netherlands were chosen for the analysis because they are one of the largest pork 

producers in the European Union. Obtained results was compare with a baseline scenario which represent life-cycle 

assessment (LCA) for the pork meat production process based on an average energy mix for the EU-27. Alternative 

scenarios are used the same dataset but with changed energy mix. For the comparison with baseline scenario the following 

countries energy mix were included:  Netherlands, France, Bulgaria and Poland. The results indicated that the use of the 

Poland electricity generation structure contributes to an increase in the results obtained relative to the baseline scenario in up 

to 13 of the 15 impact categories. Similarly, in the case of the weighted results, the difference in the cumulative indicators 

with respect to the baseline was on average 19.9% higher for each scenario. As far as data sensitivity to energy system 

changes is concerned, it can be stated that the environmental footprint of the meat production process is susceptible to a 

great deal of variation from the point of view of the results that were obtained (individual impact categories in the individual 

unit). This indicates a large difference in results for most impact categories in comparison with the baseline scenario. 

 

Keywords: pork meat, PEF, LCA, electricity, environmental footprint 

1. Introduction  

Under the pilot project of the European Commission (EC) related with a common methodology for measuring the 

environmental efficiency of product and organisation (Product Environmental Footprint - PEF and Organization 

Environmental Footprint - OEF), the guidelines for calculation of environmental footprint for a 25 products and 2 

organisation have been developed. One of these product were red meat product. Environmental efficiency, according to this 

methodology, is the potential environmental impact of a multi-faceted product life cycle, this means covering various 

environmental problems (Kulczycka et al., 2017; EC-JRC, 2010) Under this category of pilot actions, rules have been 

prepared by Technical Secretariats to calculate, verify, and communicate the environmental performance of various 

categories of product. The draft guidelines for the implementation of the PEF for pork (Product Environmental Footprint 

Category Rules – PEFCR), were prepared by the Technical Secretariat, consisting of the following members: AHDB Beef 

and Lamb; Beef + Lamb New Zealand Ltd; Blonk Consultants; Bord BIA; Célene; COV - Dutch Meat Association; Danish 

Agriculture and Food Council; Danish Crown Group; Dawn Meats; Dunbia Ltd.; FEFAC; Meat & Livestock Australia. The 

draft PEFCR document presents the principles for implementing the PEF study by defining all the key elements in the scope 
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and at the level necessary to carry out and verify such a study. As PEF analyses are based on the environmental life cycle 

methodology, PEFCR can be applied to all phases of the LCA study envisaged by EN ISO 14040: 2006 and EN ISO 

14044:2006: goal and scope definition (a functional unit; a representative product(s); modes of analysis and potential 

applications; system boundaries; EF impact category indicators, data quality requirements), life cycle inventory  (foreground 

and background systems with data requirements for both systems; data gathering procedure), life cycle impact assessment 

(benchmark and environmental performance classes) and interpretation (assessment of robustness of the Product 

Environmental Footprint model; identification of hotspots, estimation of uncertainty; conclusions, recommendations and 

limitations). 

The global livestock industry is estimated to contribute around 40% of the gross domestic product (GDP) of the total 

agricultural industry. By 2050, global meat production is expected to double (EC, 2014). At the same time, according to the 

FAO (Food and Agriculture Organization of the United Nations), the livestock sector is one of the most critical for the 

environment because of its significant impact in that sphere: climate change, water and air pollution, land degradation, and 

loss of biodiversity. Life Cycle Assessment (LCA) show that the average effect of global warming is 3.6 kg CO2e / kg of 

meat, ranging from 2.3 to 6.2 CO2e/kg (Notarnicola et al., 2015; Kulczycka et al., 2016).  Taking into account these aspects 

as well that assessment of the environmental footprint of products and organisations may become mandatory in the future - 

or at least highly recommended as best practice in defining and communicating the environmental impact of products - the 

key question is related to the impact of such an action on the competitiveness of products and organisations in individual 

member countries. Because the use of electricity can have a significant impact on the final environmental footprint of a 

given product and organisation, studies have been undertaken to assess the impact of different energy systems on the 

outcome. Scenario analyses were carried out using data for the European average, Polish, Bulgarian, French and Dutch 

electricity structure. France and the Netherlands were chosen for the analysis because they are one of the largest pork 

producers in the European Union (Kulczycka et al., 2016; ARE SA, 2014; Kulczycka & Pietrzyk-Sokulska, 2012). The 

obtained results allowed determining the impact of the electricity structure production on the final environmental footprint 

indicator for the meat production process and the related potential impact on the competitiveness of these products. 

2. Environmental aspects of pork breeding and rearing  

Pork production in Poland, like in other countries of Central and Eastern Europe, is very dispersed. In the year 2013, 278.4 

thousand farms were engaged in breeding, of which 99.7% were farms with more than 1 ha of agricultural land. In 2013, 

there was an average of 41 pigs per pig farm. The pork population in June 2014 was about 11,724.1 thousand mainly 

comprising porkers (35.9%), while pigs and piglets had a similar share of 27.8% and 27.5%, respectively. Pork consumption 

in Poland in 2014 was 38.5 kg per capita (Malkowski et al.,2014; Knecht & Srodon, 2013; Makara & Kowalski, 2016). The 

amount of GHGs and other environmental aspects depends on the size of the individual animal species and the system of 

rearing. Pig rearing is divided into two systems: litter and litterless. The dominant system of breeding and rearing pigs in 

Poland is the litter system, used on farms (mostly individual) located on light soils on which fertilization with manure is 

recommended. Because of the higher investment costs in litterless systems (compared to litter systems), the systems are used 

on large industrial farms 6,12-14). When pigs are kept on litter, the waste is drained in the form of manure and slurry, in 

litterless systems in the form of slurry. Standard water consumption for maintaining livestock hygiene should not exceed 10 

dm3 per day. Thus, approximately 55 kg of slurry per day and about 20 m3 of slurry per year are produced per adult 

(Makara & Kowalski, 2015, 2016). Both the composition and amount of feed given to the pigs play a significant role in 

determining the quantity and composition of the resulting waste. The method of delivery and composition of the pigs’ diet 

depend on the live weight and the stage of production. On average, a 25 kg pig needs 260 kg of food to reach a live weight 

of 110kg (Szulc, 2005; BAT IPPC, 2003). It is estimated that Polish rivers carry almost 120 thousand tonnes of nitrogen and 

nearly 5500 tons of phosphorus to the Baltic Sea every year as a result of unfavourable environmental activity, causing 

annual algal blooms, and necrotic sea bottom nematodes, due to lack of oxygen and the presence of hydrogen sulphide 

(Kulczycka et al., 2016).  
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Animal husbandry is also a source of unpleasant odours that are emitted from livestock housing, slurry storage tanks, and 

manured fields. Over 160 components have been identified in the slurry, many of which are derived from the breakdown of 

proteins. Skatole, hydrogen sulphide, ammonia, phenol compounds, p-cresol, acetic acid and methyl sulphide are major 

compounds responsible for the high intensity of the odour (Makara & Kowalski, 2015, Makara et al., 2016; Sowka et al., 

2013). 

Pig rearing contributes to the increase of greenhouse gas (GHGs) concentrations including CH4, CO2 and N2O. Animal 

excrement contributes to 5% of the world's methane emissions, while it is estimated that waste from livestock farms 

accounts for 30-50% of the world's N2O emissions from agriculture. In total 13% of global GHG emissions are the result of 

pork production. In Poland, in the total amount of greenhouse gases emitted, about 25% of methane and 60% of nitrogen 

oxides come from agriculture. GHG emissions from slurry can be reduced by rational feeding of pigs to increase the 

efficiency of protein utilisation from feed, removal of faeces, maintenance of an appropriate temperature in animal housing, 

slurry storage in sealed tanks, and slurry mixing immediately before emptying the tank (Makara & Kowalski, 2015, 2016; 

Makara et al., 2016). According to the ISO 14064 GHGs are related both with direct and indirect environmental aspect. 

Electricity generation structure in the countries based on hard and brown coal is related for the most GHGs emissions and 

could affect the environmental footprint of energy intensive products. Therefore the aim of the study was to determine the 

environmental impact of the pork meat life cycle and to determine the impact of using different electricity production 

scenarios on the final outcome of the analysis. 

 

3. Methods 

LCA (Life Cycle Assessment) is a method for environmental impact assessment. The process involves identifying and 

quantifying the amount of materials and energy used and the waste and emissions produced, then assessing the impact of 

these processes on the environment (Kulczycka et al., 2017; ISO EN 1040:2009; EC-JRC, 2012a). The starting point is to 

define the product system by outlining system boundaries, life cycle stages, and unit processes. The next LCI (Life Cycle 

Inventory) phase includes an inventory of data on raw materials, energy, emissions and waste. The third phase is LCIA (Life 

Cycle Impact Assessment) (EC-JRC, 2012a, 2012b; Kowalski et al, 2007). LCA is the basis of the methodology proposed by 

the EC for determining the environmental footprint of products and organisations, where in their terminology the analysis is 

referred to as Environmental Footprint Impact Assessment. 

 System and functional unit 

The environmental model represented by ILCD 2011 Midpoint + v. 1.05 (EC-JRC, 2010, 2012a) and SimaPro software was 

used in the third phase (LICA). The functional unit, according to PEFCR guidelines, was defined as 100 g of fresh pork meat 

(EC-JRC, 2015b) prepared for sale to the customer. The analysis used data available from the LCA database, verified on the 

basis of prepared balance sheets for domestic producers (Kulczycta et al., 2016). The system boundaries of the LCA of pork 

production are shown in Figure 1. This includes pig farming, slaughter, meat production and waste management in all phases 

of production. 
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Figure 1. Life cycle stages included in the analysis of the environmental footprint of pork meat production 

4. Results and Discussion 

The resource of inventory data used to analyse so-called RUEPs (resource use and emission generation profiles) for 

individual processes was developed on the basis of data available in LCA databases (Agri-footprint, ELCD, Ecoinvent). The 

inventory data is shown in Table 1. In accordance with the PEFCR guideline (PEFCR Document Red Meat Version 1.0), the 

processes listed in the table reflect the scope of the system boundaries covering all key stages of the life cycle from cradle to 

grave, including upstream, main and downstream processes (Figure 1). RUEP profiles for individual unit processes have 

been developed on the basis of data from the following databases: 

• The Agri-footprint database has been used for the following processes: plant breeding and the production of 

animal feed; rearing young animals - minor modifications have been made in accordance with PEFCR guidelines; animal 

fattening - minor modifications have been made in accordance with PEFCR guidelines; processes in the slaughterhouse - 

minor modifications have been made in accordance with PEFCR guidelines. 

• Ecoinvent v.3.1 2014 – production and transport of packaging; preparation for drinking (drinking water); final 

disposal of waste (storage, composting, incineration, recycling). 

• ELCD - electricity production data (EC-JRC, 2015a). 

At all stages of the system boundaries, a sensitivity analysis was carried out on the generation structure of the electricity 

used. For this purpose, several scenarios have been prepared using the following data: 

• averaged European electricity mix (EU27, baseline scenario) – data obtained from the ELCD database, 

• Polish electricity mix (PL2014) – database of Polish statistics from CSO, 

• electricity mix in the Netherlands (NL); France (FR), Bulgaria (BR) – data obtained from the ELCD database. 

The results obtained include 15 impact categories. The benchmarking results for the baseline scenario are presented in Table 

2, while the percentage differences in the benchmark results between the baseline scenario and the individual scenarios are 

given in Table 3. When the national data collected for the Polish electricity mix (PL2014) were examined, there were 

increased values noted in the results for 13 factors: climate change, human toxicity- cancer effects, human toxicity - non-

cancer effects, particulate matter, photochemical ozone formation, acidification, terrestrial eutrophication, freshwater 

eutrophication, marine eutrophication, land use, mineral, fossil & resource depletion. A reduction of potential impact 

occurred within 2 categories of impact: ionising radiation and ozone depletion. Changes in the results determined for 

individual impact categories (at characterisation level) compared to the baseline scenario show a large variation across the 

electricity mix. They range from 14 to 136%. Such big differences, like those for the ozone depletion category or the 

ionising radiation category, are mainly due to technological differences in the generation of electricity, mainly nuclear 
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power. The coal technologies used, for example, in Poland and Bulgaria mainly contribute to the emission of inorganic 

compounds to the atmosphere as reflected in the particulate matter (dust emissions), acidification (SOx emissions) and 

photochemical ozone formation categories (NOx, SOx emissions). However, according to the results presented in Table 3, 

none of the energy systems analysed proved to be clearly better than the other alternative or baseline scenarios (showing 

lower environmental impact for all impact categories). Also in the case of the Netherlands and France, which represent 

significant meat producers in the EU market, the results didn’t show a significant advantage over Poland. Because in the 

ILCD midpoint method, each of the environmental impact categories is expressed in another unit, the contribution of each 

impact category to the overall impact can’t be determined on the results at characterisation level. With ILCD midpoint, the 

only procedure that allows aggregation of results is normalisation and weighting. Table 4 below shows the results after these 

stages. The cumulative score for each variant varies from 2.74 mPt (ELCD_27) to 3.47 (ELCD_BG), with an average of 

3.31 mPt. Points (ecopoints) Pt are defined as the ratio of the total annual environmental burden (emissions, consumption of 

raw materials, land use) in Europe to the population. The lowest values were obtained for the baseline scenario (2.74 mPt). 

The biggest difference in weighted results was observed between the baseline scenario and the Bulgarian energy system. The 

Polish, Dutch and French scenarios were comparable. For the last one, a significantly higher share of ionising radiation can 

be observed due to the greater use of nuclear energy in the country. This distinction is particularly visible between the Polish 

and French scenarios. In the case of the baseline scenario, it is smaller because the French energy system is part of the 

EU_27 electricity mix and its impact falls within the ELCD_UE27 range. The highest percentages at the weighting level 

were obtained for the following impact categories: human toxicity - non-cancer effects (51% average), terrestrial 

eutrophication (mean 10.2%), acidification (8.8%), human toxicity- cancer effects (7.5%), marine eutrophication (7%) and 

freshwater eutrophication (6.3%).Please insert your Results and Discussion text here. Text alignment is formatted as 

justified. Tables, like Table 1, should have a self-explanatory caption placed above the table and should be referenced in the 

main text like in this sentence. 

Table 1. Inventory for the production of pig meat 

PROCESS - PIG FEED, FATTENING PIGS Amount Unit 

Final Product    

Pig feed, fattened pigs 0.98 kg 

Inputs from the technosphere 

Wheat grain, consumption mix, at feed compound plant/NL Mass 250 g 

Barley grain, consumption mix, at feed compound plant/NL Mass 290 g 

Rye grain, consumption mix, at feed compound plant/NL Mass 30 g 

Maize, consumption mix, at feed compound plant/NL Mass 20 g 

Triticale, consumption mix, at feed compound plant/NL Mass 20 g 

Wheat feed meal, consumption mix, at feed compound plant/NL Mass 60 g 

Wheat gluten feed, consumption mix, at feed compound plant/NL Mass 10 g 

Maize middlings, consumption mix, at feed compound plant/NL Mass 10 g 

Sugar beet molasses, consumption mix, at feed compound plant/NL Mass 10 g 

Sugar beet pulp, dried, consumption mix, at feed compound plant/NL Mass 10 g 

Palm oil, consumption mix, at feed compound plant/NL Mass 15 g 

Soybean meal, consumption mix, at feed compound plant/NL Mass 80 g 

Soybean hulls, consumption mix, at feed compound plant/NL Mass 5 g 

Rapeseed meal, consumption mix, at feed compound plant/NL Mass 100 g 

Sunflower seed meal, consumption mix, at feed compound plant/NL Mass 40 g 

Palm kernel expeller, consumption mix, at feed compound plant/NL Mass 25 g 

Fat from animals, consumption mix, at feed compound plant/NL Mass 5 g 

Electricity mix, AC, consumption mix, at consumer, < 1kV NL S System - Copied from ELCD 0,309 MJ 

Heat, from resid. heating systems from NG, consumption mix, at consumer, temperature of 55°C 

EU-27 S System - Copied from ELCD 
0,132 MJ 

PROCESS - PIG FEED, PIGLETS 

Final product 

Pig feed, piglets 0,96 kg 

Inputs from the technosphere 

Wheat grain, consumption mix, at feed compound plant/NL Mass 260 g 

Barley grain, consumption mix, at feed compound plant/NL Mass 360 g 
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Maize, consumption mix, at feed compound plant/NL Mass 60 g 

Oat grain, consumption mix, at feed compound plant/NL Mass 10 g 

Wheat feed meal, consumption mix, at feed compound plant/NL Mass 20 g 

Wheat gluten feed, consumption mix, at feed compound plant/NL Mass 10 g 

Sugar beet molasses, consumption mix, at feed compound plant/NL Mass 10 g 

Sugar beet pulp, dried, consumption mix, at feed compound plant/NL Mass 10 g 

Palm oil, consumption mix, at feed compound plant/NL Mass 10 g 

Soybean, consumption mix, at feed compound plant/NL Mass 40 g 

Soybean meal, consumption mix, at feed compound plant/NL Mass 130 g 

Rapeseed meal, consumption mix, at feed compound plant/NL Mass 20 g 

Sunflower seed meal, consumption mix, at feed compound plant/NL Mass 20 g 

Electricity mix, AC, consumption mix, at consumer, < 1kV NL S System - Copied from ELCD 0.302 MJ 

Heat, from resid. heating systems from NG, consumption mix, at consumer, temperature of 55°C 

EU-27 S System - Copied from ELCD 
0.13 MJ 

PROCESS - PIG FEED, SOWS 

Final product  

Pig feed, sows 0.98 kg 

Inputs from the technosphere 

Wheat grain, consumption mix, at feed compound plant/NL Mass 130 g 

Barley grain, consumption mix, at feed compound plant/NL Mass 210 g 

Rye grain, consumption mix, at feed compound plant/NL Mass 40 g 

Maize, consumption mix, at feed compound plant/NL Mass 40 g 

Triticale, consumption mix, at feed compound plant/NL Mass 5 g 

Wheat feed meal, consumption mix, at feed compound plant/NL Mass 170 g 

Wheat gluten feed, consumption mix, at feed compound plant/NL Mass 40 g 

Maize middlings, consumption mix, at feed compound plant/NL Mass 20 g 

Sugar beet molasses, consumption mix, at feed compound plant/NL Mass 10 g 

Sugar beet pulp, dried, consumption mix, at feed compound plant/NL Mass 50 g 

Palm oil, consumption mix, at feed compound plant/NL Mass 10 g 

Soybean meal, consumption mix, at feed compound plant/NL Mass 45 g 

Soybean hulls, consumption mix, at feed compound plant/NL Mass 55 g 

Rapeseed meal, consumption mix, at feed compound plant/NL Mass 40 g 

Sunflower seed meal, consumption mix, at feed compound plant/NL Mass 30 g 

Palm kernel expeller, consumption mix, at feed compound plant/NL Mass 80 g 

Fat from animals, consumption mix, at feed compound plant/NL Mass 5 g 

Electricity mix, AC, consumption mix, at consumer, < 1kV NL S System - Copied from ELCD 0.309 MJ 

Heat, from resid. heating systems from NG, consumption mix, at consumer, temperature of 55°C 

EU-27 S System - Copied from ELCD 
0.132 MJ 

PROCESS - PIGLETS, SOW-PIGLET SYSTEM, AT FARM 

Final product 

Piglets, sow-piglet system, at farm/NL Mass  1 p 

Sow to slaughter, sow-piglet system, at farm/NL Mass 3.42 kg 

Inputs from the technosphere 

Pig feed, sows/NL Mass 62,9 kg 

Pig feed, piglets/NL Mass 31 kg 

Drinking water, water purification treatment, production mix, at plant, from groundwater RER S 

System - Copied from ELCD 
306 kg 

Transport, truck >20t, EURO4, 80%LF, default/GLO Mass 9.4 tkm 

Electricity mix, AC, consumption mix, at consumer, < 1kV NL S System - Copied from ELCD 6 kWh 

Heat, from resid. heating systems from NG, consumption mix, at consumer, temperature of 55°C 

EU-27 S System - Copied from ELCD 
74.2 MJ 

Emissions to air 

Methane 0.4 kg 

Methane 0,06 kg 

Dinitrogen monoxide 0,01 kg 

Dinitrogen monoxide 0,009 kg 

Ammonia 0,7 kg 

Particulates, < 10 um 6,5 g 

PROCESS - PIGS TO SLAUGHTER, PIG FATTENING, AT FARM 

Final product 

Pigs to slaughter, pig fattening, at farm/NL Mass 1000 kg 

Inputs from the technosphere 

Piglets, sow-piglet system, at farm/NL Mass  8.46 p 

Pig feed, fattening pigs/NL Mass 2280 kg 
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Transport, truck >20t, EURO4, 80%LF, default/GLO Mass 228 tkm 

Electricity mix, AC, consumption mix, at consumer, < 1kV NL S System - Copied from ELCD 13,5 kWh 

Heat, from resid. heating systems from NG, consumption mix, at consumer, temperature of 55°C 

EU-27 S System - Copied from ELCD 
99.2 MJ 

Drinking water, water purification treatment, production mix, at plant, from groundwater RER S 

System - Copied from ELCD 
8571 kg 

Emissions to air 

Methane 10.2 kg 

Methane 4.04 kg 

Dinitrogen monoxide 0.22 kg 

Dinitrogen monoxide 0.211 kg 

Ammonia 16.3 kg 

Particulates, < 10 um 199 g 

Source: Agri-footprint database, datasets modified according to PEFCRs for red meat and with use of electricity datasets 

from ELCD and Ecoinvent 3.1.database - production and transport of packaging; Preparation for drinking (drinking 

water); Final disposal of waste (storage, composting, incineration, recycling). 

 

Table 2. Potential environmental impact of the life cycle of 100g of pork in the baseline scenario (ELCD_UE27) - the results 

of the determination 

Impact category  Unit Category indicator determined 

Climate change kg CO2 eq 4.45E-01 

Depletion of the ozone layer kg CFC-11 eq 1.07E-08 

Toxic effect on humans - carcinogenic effects CTUh 7.68E-09 

Toxic effect on humans - action other than carcinogenic CTUh 7.43E-07 

Solid particles kg PM2.5 eq 2.76E-04 

Ionizing radiation - effects on human health kBq U235 eq 1.27E-02 

Photochemical ozone formation kg NMVOC eq 8.35E-04 

Acidification molc H+ eq 1.10E-02 

Land eutrophication molc N eq 4.77E-02 

Fresh water eutrophication kg P eq 9.05E-05 

Sea water eutrophication kg N eq 3.23E-03 

Fresh water ecotoxicity CTUe 1.51E+00 

Land use kg C deficit 6.66E+00 

Depletion of resources - water resources m3 water eq 1.50E-03 

Depletion of resources - mineral resources, fossil raw materials kg Sb eq 2.16E-06 

 

Table 3. The percentage difference in the indicators between the baseline scenario (ELCD_UE27) and various energy 

scenarios based on the calculated results. 

Impact categories 

Results determined for the category indicators 

[%] 

UE27 PL2014 NL BG FR 

Climate change 100.0 130.3 129.3 130.3 120.3 

Depletion of the ozone layer 100.0 31,.1 55.3 173.5 236.2 

Toxic effect on humans - carcinogenic effects 100.0 125,.9 119.5 120.1 119.6 

Toxic effect on humans - action other than 

carcinogenic 
100.0 123.5 122.8 123.4 122.8 

Solid particles 100.0 120.8 119.1 178.7 118.7 

Ionising radiation - effects on human health 100.0 31.8 56.1 174.4 237.8 

Photochemical ozone formation 100.0 119.3 114 144.2 110 

Acidification 100.0 124.9 123.7 142.8 123.4 

Land eutrophication 100.0 126.4 126.1 127.2 125.8 

Fresh water eutrophication 100.0 123.8 121.3 121.3 121.3 

Sea water eutrophication 100.0 122.8 122.3 123.8 122 

Fresh water ecotoxicity 100.0 124.7 124.2 124.5 124.2 

Land use 100.0 124.6 124.4 124.4 124.4 

Depletion of resources - water resources 100.0 121.4 120.7 121.2 121 

Depletion of resources - mineral resources, fossil 

raw materials 
100.0 114.1 116.3 1233 127 
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Table 4. Weighted indicators of impact categories - life cycle of 100 g of pork under various energy scenarios [%] 

Impact category 
Share [%]  

UE27 PL2014 NL BG FR 

Climate change 1.79 1.88 1.89 1.84 1.75 

Depletion of the ozone layer 0,02 0,00 0,01 0,02 0,03 

Toxic effect on humans - carcinogenic effects 7.63 7.76 7.44 7.22 7.41 

Toxic effect on humans - action other than 

carcinogenic 
51.08 51.01 51.17 49.66 50.92 

Solid particles 2.09 2.04 2.03 2.94 2.01 

Ionising radiation - effects on human health 0.41 0.11 0.19 0.56 0.79 

Photochemical ozone formation 0.96 0.92 0.89 1.09 0.86 

Acidification 8.55 8.63 8.62 9.61 8.56 

Land eutrophication 10.02 10.24 10.31 10.04 10.23 

Fresh water eutrophication 2.24 2.24 2.21 2.14 2.20 

Sea water eutrophication 7.02 6.97 7.01 6.85 6.95 

Fresh water ecotoxicity 6.33 6.38 6.41 6.21 6.38 

Land use 0.39 0.39 0.39 0.38 0.39 

Depletion of resources - water resources 0.70 0.68 0.68 0.66 0.68 

Depletion of resources - mineral resources, fossil raw 

materials 
0.79 0.73 0.75 0.77 0.81 

TOTAL 
100.00 100.00 100.00 100.00 100.00 

2.74 3.38 3.35 3.47 3.37 

 

 

5. Conclusions 

In the results presented, it can be seen that the overall structure (the share of the different categories in the cumulative 

results) remains the same for all scenarios. The highest percentages (at the weighting stage) were obtained for the impact 

category: human toxicity - non-carcinogenic (51%), land eutrophication (average 10.2%), acidification (8.8%), toxic effects 

for humans - carcinogenic effects (7.5%), marine eutrophication (7%) and freshwater eutrophication (6.3%) and the lowest 

for ozone depletion (0.016%) and land use 0.388%) which confirms the findings of FAO (Food and Agriculture 

Organization of the United Nations), that the livestock sector is one of the most critical for the environment because of its 

significant impact in that sphere: climate change, water and air pollution, land degradation, and loss of biodiversity. 

The most energy consuming stage in terms of electricity consumption throughout the entire product system (40% of total 

consumption) was the packaging stage (production, transport, final management) storage and cooking, not the meat 

production itself. 

As far as data sensitivity to energy system changes is concerned, it can be stated that the environmental footprint of the meat 

production process is susceptible to a great deal of variation from the point of view of the results that were obtained 

(individual impact categories in the individual unit). This indicates a large difference in results for most impact categories in 

comparison with the baseline scenario. In the PEF project (draft PEFCR Red Meat Version 1.0), climate change, 

acidification, land eutrophication, marine eutrophication and land use were considered as important impact categories. 

Referring to these recommendations and comparing the results obtained for the baseline scenario and the Polish energy 

system, the sensitivity obtained was as follow: 30.3%, 20.8%, 24.9%, 26.4%, 22.8%, 24.6% %. 

The situation changes after the normalisation stage (after benchmarking results to European average values) and weighting. 

The variation in the results is much smaller and none of the energy systems analysed are clearly better than the baseline 

scenario for which the cumulative index is the lowest (2.74 mPt). The highest increase in the overall environmental footprint 

was observed for the Bulgarian energy system and for a given impact category for the French system and ionising radiation. 

This is due to the high share of nuclear energy in the country's energy mix. The energy systems of the Netherlands and 

France, which represent significant meat producers on the Union market, do not show any significant advantage over Poland. 
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Abstract 

In 2015, member countries of the United Nations adopted the 17 Sustainable Development Goals (SDGs) at the Sustainable 

Development Summit in New York. These global goals have 169 targets and 232 indicators which are based on the three 

pillars of sustainable development: economic, social and environmental.  Substantial challenges remain in obtaining data of 

the required quality, especially in developing countries, given the limited resources involved. One promising and innovative 

way of addressing this issue of data availability is to use Earth Observation (EO). This paper presents the results of research 

to analyse and optimise the potential of EO approaches to populate the SDG indicators and targets. We present a matrix of 

EO technologies with respect to the full set of current SDG indicators which shows the potential for direct or proxy 

calibrations across the span of the social, economic and environmental SDG indicators. We have focussed particularly on 

those SDG indicators covering the social and economic dimensions of sustainable development as these are relatively 

unexplored from an EO context. Results suggest that EO can make an important contribution towards populating a wide 

diversity of the SDG indicators, but there is a spectrum from at one end the sole use of EO to the other end where the EO 

derived data have to be used in concert with data collected via non-EO means (surveys etc.). Complicating factors also 

include the lack of driving force and pressure indicators in the SDG framework and the use of „proxy‟ indicators not part of 

the SDG framework but more amenable to EO-derived assessment. The next phase of the research will involve the 
presenting of these ideas to stakeholders in the EO and indicator arenas for their assessment.     

Keywords:  Earth Observation (EO), indicators, DPSIR Framework, Sustainable Development Goal (SDG)  

 

1. Introduction  

The 17 Sustainable Development Goals (SDGs) of the United Nations were ratified by the UN General Assembly at the 

Sustainable Development Summit in New York on 25th September 2015. They span the main components of global 

sustainable development: economic growth, social inclusion and environmental sustainability to 2030. In order to monitor 

the progress of all nation states towards these global goals, the UN created a conceptual framework of 169 targets and 232 

indicators associated with the SDGs that 193 UN member states will use and develop to frame their agendas and policies out 

to 2030. The intention is to monitor, measure and report progress or regress in all signatory countries, whether developed or 

developing, following the principle of “no one will be left behind” (United Nations, 2015b, p.1).  

The United Nations Statistics Division (UNSD) and the United Nations Economic and Social Council (ECOSOC) have 

agreed upon the initial Global Indicator Framework for SDGs. The UNSD created the Inter-Agency Expert Group for the 

SDGs (IAEG-SDGs), which interacts with National Statistical Offices (NSOs) and provides strategies for countries for the 

implementation of the SDGs and for reporting on progress towards the targets (United Nations, 2015b). 

IAEG-SDGs has developed the Global Indicator Framework of 232 indicators that were officially adopted by the UN 

Statistical Commission at the 48th session in March 2017. The IAEG-SDGs has classified the indicators into three different 

tiers based on the methodology and level of data availability to allow the population of the indicator as follows: 

 TIER I: established methodology and data are widely available to populate the indicator. 

 TIER II: established methodology but data are not collected regularly by the countries. 

 TIER III: no established methodology to collect the required data.  

IAEG-SDGs regularly reviews the Global Indicator Framework to add more indicators if needed or to update the status of 

the TIER categorisation of the indicator.  

In recent years, data collection methods have been improved for monitoring aspects such as poverty, nutrition, child and 

maternal health and access to water and sanitation (United Nations, 2015a). Despite this, there still remains considerable 
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scope for further improvement to data availability for a more up-to-date and complete population of SDG indicators, 

especially in the least developed countries. In many remote areas, high-quality data are lacking and it can be argued that a 

data crisis exists:  “too many countries still have poor data, data arrives too late and too many issues are still barely covered 

by existing data” (Independent Expert Advisory Group on a Data Revolution for Sustainable Development, 2014, p.11). 

 

1.1 Earth Observation  

EO spans many approaches, including the use of drones and aircraft, but in this paper, we focus on satellite-based systems. 

The Explorer 7 satellite, launched in October 1959, initiated an era of satellite-based Earth Observation (EO) that continues 

to this day. Nowadays, several hundred active Earth Observation satellites are operated by both national Space Agencies and 

commercial operators (https://eoportal.org). EO satellite imagery can be divided into two types depending on how the 

sensors capture imagery: passive and active. Passive EO sensors detect radiation emitted by (thermal infrared/microwave) or 

reflected from (visible, shortwave infrared) the Earth‟s surface (and atmosphere). Most instruments of this type are optical 

and are not able to penetrate cloud cover. Active EO satellites emit radiation and receive the echoes that are backscattered 

from the Earth surface (POST, 2017). These operate mostly in the microwave spectral region (radar), though more recently, 

lidar systems have also been developed. As well as the split between „active‟ and „passive‟ sensors, the main distinction for 

satellites is between those in „geostationary‟ orbit that continuously observe the same point on Earth and those in „low Earth 

orbit‟ which track across the Earth‟s surface as they orbit. 

EO satellite sensors provide data at various spectral, spatial and temporal resolutions. The spectral resolution refers to the 

wavelengths of radiation that can be detected. In the visible and shortwave infrared regions, the information in different 

spectral bands provides a spectral „signature‟ for different land cover types (e.g. vegetation, soil, water, buildings). Spatial 

resolution is a measure of the observable detail in an image. The highest resolution modern sensors, usually only available 

commercially, can give resolutions of significantly less than 1 m e.g. down to 0.5 m. High- resolution imagery from public 

space agencies typically has a resolution of tens of metres. Temporal resolution relates to the revisit time: the frequency with 

which a sensor crosses any point on Earth. This depends on the orbit and on the swath width, i.e. the width of observation 

across the ground. Generally, the higher the spatial resolution, the lower is the swath width. For instance, Lynch et al. (2013) 

argue that improving the spatial resolution and the revisit time (e.g. satellite DMC constellation) would benefit the 

monitoring of forest degradation as part of the REDD+ programme and act as an early warning system assisting authorities 

in tackling illegal logging.  

 

1.2 EO for the SDGs 

An innovative way to seek accurate and reliable data by which to address the SDG indicators and targets is to harness the 

new technologies within the broad sphere of EO. EO-sourced data has been advocated by several international researchers 

and organisations as a means to reduce the costs of traditional monitoring of various environmental and other parameters 

(e.g. forested areas, water bodies etc.) over relevant times, scales, geographical locations and spatial resolutions. It is 

apparent that EO can support a number of the indicators set out in the UN SDG framework by providing accurate and 

reliable data on the state of atmosphere, oceans, crops, forests, weather, natural disasters (immediate, independent response 

in real time), natural resources, urbanisation, biodiversity. This view is supported by the UN Global Working Group on Big 

Data: “Satellite imagery has significant potential to provide more timely statistical output, to reduce the frequency of 

surveys, to reduce respondent burden and other costs and to provide data at a more disaggregated level for informed 

decision making.” (https://unstats.un.org/unsd/bigdata/taskteams/si-gsd/default.asp). 

The EO community, through GEO and its space-agency arm CEOS, has presented an initial view on how EO can support the 

population of SDG indicators. The GEO EO4SDG programme supports the potential of EO to advance the UN 2030 

Agenda. CEOS has created an ad hoc team on the SDGs (http://ceos.org/ourwork/ad-hoc-teams/sustainable-development-

goals/) to better coordinate the activities of the CEOS Agencies around the SDGs. GEO is working closely with the UN 
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Statistics Division, the United Nations Committee of Experts on Global Geospatial Information Management (UN GGIM) 

and the UN Sustainable Development Solutions Network (UN SDSN) (Anderson et al., 2017). A recent report by GEO lists 

several SDG targets that can most readily be supported by EO (see Table 1) (GEO, 2017). 

Table 1. SDG Targets and Indicators that can be supported by Earth observations. (Source: GEO, 2017) 

 

1.3 Beyond the existing framework and experience 

While the GEO study referred to above has focussed mostly on the environmental indicators within the SDGs, EO can 

potentially also contribute towards populating socio-economic indicators, through direct or proxy measures. For instance, 

recent studies have shown that night-time light images, obtained from suitable visible sensors, provide an almost direct 

measurement for estimating global population (Sutton et al., 2001) and, indirectly, can also provide data relevant to 

indicators of economic growth (Henderson et al., 2011), socio-economic activities (Chen and Nordhaus, 2011), poverty  

(Ghosh et al, 2013; Jean et al, 2016), electricity consumption (Doll and Pachauri, 2010), urbanisation impacts on the 

environment (Ma et al., 2012) and fishing activities (Waluda et al., 2004). With care, night-time light imaging can even be 

used to contribute to estimations of human rights (D. Li, Zhao, and  Li, 2016), corruption (Hodler and  Raschky, 2014) and 

the incidence of breast cancer (Rybnikova and  Portnov, 2017). 

While the preceding discussion shows interesting potential for applying EO to the indicators and targets of the SDGs, these 

prospects are highly dependent on the specific nature of the targets and the underlying indicators that have been chosen to 

date. For example, Spangenberg (2016) has classified the SDG targets using the well-established Driving Force-Pressure-

State-Impact-Response (DPSIR) framework (EEA, 1999; OCDE, 1993). He found a substantial imbalance in the nature of 

the targets in the SDG framework; in particular targets for pressure are “…missing…” and targets for Driving Forces “… are 

mentioned ….. but … not a reversal of the past direction is advocated, but more of the same, …”. Furthermore, he notes that 

“...in the approach used here there are no targets referring to responses.” which he defines as “…responses are policy 

actions to turn targets into reality…” (Spangenberg, 2016). Given this imbalance in the nature of the SDG targets, similar 

imbalance in the nature of the SDG indicators (the subject of this paper) can be expected which, in turn, will have some 

bearing on the extent to which EO data can contribute to the broad suite of SDG indicators. This raises many ancillary 

questions. For example, to what extent can EO be used to populate indicators classified via DPSIR? Can it be assumed that 

EO is better suited to populate Pressure, State and Impact indicators rather than Response or perhaps Driving Force, or can 

EO contribute to them all? In theory, it may be possible to create „proxy‟ indicators that are not listed with the SDG 

framework but which may allow the target to be assessed via EO.   
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The increasing availability and range of EO data is a growing opportunity to complement or even replace traditional ground-

based methods of collecting environmental and socio-economic data. EO approaches are expected to be especially valuable 

where traditional data is sparse or absent. Furthermore, in a number of cases, EO can provide data that is spatially and/or 

temporally richer than ground surveys and/or can be less expensive to acquire. While EO technology has progressed rapidly, 

and institutions such as GEO are facilitating the use of EO-sourced data for several of the SDGs, the use of EO data 

particularly for the socio-economic indicators remains rare and unclear. We consider, however, that EO data may have a 

much more substantial role to play in helping to calibrate the more socio-economic SDG indicators that has been widely 

appreciated to date.  

1.4 Objectives of this paper 

In the research described here we had three main objectives: 

1. To review the SDG indicators with regard to their potential for assessment using EO-derived data. 

2. To explore how the analysis under (1) meshes with the DPSIR classification of the SDG indicators. Is there 

evidence that EO-derived data are best suited for particular components of the DPSIR? 

3. What potential is there to use indicators more amenable to population via EO-derived data, to address the SDG 

targets? 

The research in this paper is, we believe, the first to systematically review the scope for using EO especially for the socio-

economic SDG indicators and to assess its potential for providing data, either directly or indirectly, and wholly or partially, 

for such SDG indicators. 

2.          Methods 

2.1        Method overview 

We have reviewed systematically about eighty papers and reports that explore the use of EO satellite data to deliver results 

that support the monitoring of indicators of sustainable development. Of these, fewer than five referred specifically to the 

SDG indicators (some of these included several SDG indicators in a single report). The review was designed to: 

 Assess the state-of-the-art in the range of sustainable development indicators that have had EO data and EO 

approaches applied to their calibration  

 Provide a basis for a meaningful classification of the varying types of the contribution of EO data specifically for 

the SDG indicators and of the overall potential of EO for the SDG indicators – this was developed into a „maturity 

matrix‟ described below 

Emphasis was placed on the socio-economic indicators of sustainable development in the selection of the material reviewed.  

A systematic classification representing two overall „premises‟ within the maturity matrix (see Table 2) was evolved through 

the process of assimilating the review information. In the First Premise (Premise 1), the technical methods of processing EO 

satellite data and combining it with data derived from non-EO based methods, such as surveys, were assigned a 1 to 5 score 

in each of 2 categories (Premises 1.1 and 1.2). In the Second Premise (Premise 2), an equivalent score from 1 to 5 was 

assigned to a single category representing the level of contribution that the EO data assessed in the First Premise was able to 

make to fully satisfy the data needs for a given indicator. In Table 2 we imagine a gradient of contribution from EO data to 

the indicator. It is assumed here, for example, that for some indicators EO derived data may only be able to supplement data 

collected from other sources such as via surveys, while in other cases the EO derived data may be enough to populate the 

indicator without other data being required. A simple unweighted average of these scores is used to provide an overall 

assessment of the potential role for EO in providing the data needed for that SDG indicator. The equal weighting of these 

scores is contestable, of course, and may well be refined in future research. SDG indicators with no evidence in the literature 

that EO can provide useful data support were scored as 0.  
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An aggregate score is derived for the potential role of EO in calibration of the indicator from the equations below. We refer 

to this as the Maturity Matrix Score (MMS). We first use a mean formula for calculating the score from the two elements of 

Premise 1, where: 

Premise 1.1: The range of methods for processing EO data 

Premise 1.2: The requirement for non-EO information 

Therefore: 

                           
                       

 
 

The Premise 1 mean score is applied to the indicator irrespective of the number of components it contains. For example, 

some indicators will have a numerator and denominator, but with Premises 1.1 and 1.2, the scores are allocated to the 

indicator as a whole. 

However, under Premise 2 – the level of completeness offered by EO data for the data required to fully satisfy the indicator 

– there is a complication in that some of the SDG indicators (e.g. a numerator and denominator) have multiple components 

that may vary in terms of their „addressability‟ via EO derived data. Some elements of the indicator may be more amenable 

to being addressed via EO derived data than others. We provide an example of this later in the paper (Table 4) but under 

Premise 2 it is necessary to allow for multiple answers for one indicator, hence: 

                           ∑
 

 

   

   
 

Where  

S = scores for the various components of the indicator under Premise 2 

n = number of indicator components scored under Premise 2 

 

The two premises are combined as follows: 

                                                        

It should be noted that the scores allocated in the two premises are semi-quantitative, expert representations. They are 

derived from the framework (described below) applied consistently to each review but does include a significant element of 

subjective judgement. 

For example, with an indicator having the following scores (please see Table 2 for details): 

Premise 1.1: score 2 (pixel-based technique) 

Premise 1.2: score 3 (EO data used directly but non-EO data are required) 

Then the mean value for Premise 1 (P1) is given by: 

         
   

  
     

For Premise 2, we assume that the indicator has two components – a numerator and denominator – with scores (S) of 4 (high 

level of completeness offered by EO data) and 5 (very high level of completeness offered by EO data) respectively. This 

yields an average score (P2) as follows: 

       
   

 
      

The MMS (Premise 1 and Premise 2) for the indicator is then given by 2.5 + 4.5 = 7. 

Please note that the MMS is a total of the average of Premises 1.1 and 1.2 plus the score for Premise 2 and includes an 

indication (the +/- element) for cases where a single score in Premise 2 is not assigned but, rather, a score range is 

appropriate (see Table 4 in Results). 
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2.2            Maturity Matrix System 

      2.2.1          First Premise 

Methods of processing EO data (Premise 1.1) 

The methods of processing EO data are explained in many papers and reports. We have used a classification of EO 

processing data presented by United Nations Task Team on Satellite Imagery and Geospatial Data (2017) and Li et al. 

(2014) which are compiled and matched with the approaches of the papers/reports reviewed. This distinguishes between data 

that was processed through the use of algorithms (scores 1 to 4) and visual interpretation of pre-processed EO data (score 5) 

- this distinction is included in Table 2 for Premise 1. In addition, the scoring methods with 2, 3 and 4 have been chosen 

based on the level of accuracy for Supervised, Unsupervised and Object-Based classification presented in Weih and Riggan, 

(2010). Myint et al. (2011) and Weih and Riggan (2010) have shown how object-based classification (OBIA) out-performed 

both unsupervised and supervised pixel-based classification methods, thus it has improved overall classification accuracy.  

Each reviewed paper/report was evaluated according to the classifications outlined below (Table 2) in which a score of 5 

represents a high direct use of EO data and a score of 1 represents a low direct usage of EO data. Notably, scores 2, 3 and 4 

refer to satellite image classification methods and their level of accuracy. Our classification of Premise 1.1 is based on an 

assumed preference hierarchy of Object-based > Pixel-based > Empirical-based methods in terms of the quality of data that 

can be derived from those methods as support for an SDG indicator. It is acknowledged that this assumption of hierarchy can 

be challenged and is being subject to further analysis – it is best regarded at present as a first step towards a more 

comprehensive uncertainty analysis. 

     Table 2. Maturity Matrix for the potential contribution of EO to meeting the data needs for a SDG indicator. 

 

 

 
First Premise Second Premise 

Score  

 

Methods of 

processing EO data 

(Premise 1.1) 

Requirement for non-EO  

information 

(Premise 1.2) 

Level of completeness offered by EO 

data for the data required (DR) to 

fully satisfy the indicator 

(Premise 2)                           

  (% given only for guidance) 

0  

Indicator cannot be 

measured by EO data  

Indicator measured by non-EO 

data 
N/A 

1 
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Empirical or semi-

empirical modelling 

EO data supplements primary 

analysis based on  non-EO data 
Very low     (1- 25 % of DR) 

2 

Pixel-based technique 

(unsupervised 

classification) 

EO data used in approx. equal 

combination with non-EO data 
Low            (26 % - 50 % of DR) 

3 

Pixel-based and sub-

pixel based 

techniques 

EO data used directly; non-EO 

data required e.g. as training set 

for artificial intelligence 

Moderate      (51 % - 75 % of DR) 

4 

Image Segmentation -

Object-based 

classification (OBIA) 

EO data used directly; limited 

non-EO data requirement e.g. 

for validation   

High             (76 % – 90 % of DR) 

5 

P
re

-

p
ro

ce
ss

ed
  

E
O

 d
a

ta
 

Visual interpretation 
EO data used directly; non-EO 

derived data are not required 
Very high      (> 91 % of DR) 

MMS = X (+/- x) 
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Score 1 Empirical and Semi-empirical modelling involves the use of statistical data established between the EO measured 

data and the variable measured (ground-based), without there being a well-understood causal relationship. This approach 

requires the collection of in-situ data to establish the empirical relationship between what is measured through EO and the 

measure of interest. These methods may not be reliable when used outside the conditions under which the relationship was 

established and, without a strong theoretical basis, it is difficult to assess where such conditions do not apply.   

Semi-empirical modelling is used when the relationship between the EO measurement and the indicator quantity can be 

partially described through a theoretical relationship, the parameters of which are determined statistically using ground 

observations.  This method combines knowledge about the process with statistical models. For example, Tripathy et al., 2013 

used a semi-empirical method which incorporates physiological measures, spectral measures and spatial features to estimate 

wheat yield.  

An illustrative example would be the creation of a night-time luminosity dataset. The raw data are first transformed on an 

empirical basis to correct for various distortions (Chen and Nordhaus, 2011) and then secondly through regression models. 

For instance, the most common statistical model is linear regression used to fit the correlation between the total night light 

intensity (which is extracted from corrected NPP-VIIRS data and DMSP-OLS data) and the variable measured (GDP 

growth, electricity consumption, etc.) 

Score 2 Pixel-based Technique Unsupervised classification (e.g. K-means, Iterative Self-Organizing Data Analysis 

(ISODATA), Self-Organizing Maps (SOM), hierarchical clustering) is a pixel-based technique using clustering mechanisms 

to group image pixels into unlabelled classes, without the help of training data or prior knowledge of the study area (Li et al., 

2014). In terms of the attributing score 2 to this method, we have taken into account the level of accuracy presented in  Weih 

and Riggan‟s (2010) paper.  

Score 3 Pixel-based techniques and Sub-pixel based techniques Li et al. (2014) have presented a review of the major 

remote sensing image classification techniques.  

Pixel-Based techniques include the following methods: Supervised Classification (SC) (e.g. Maximum likelihood, 

Minimum distance-to-means, Mahalanobis distance, Parallelepiped, k-nearest Neighbours), Machine learning (ML) (e.g. 

artificial neural network, classification tree, random forests, support vector machine, genetic algorithms). SC requires input 

from the analyst through a training set. This plays an important role as the accuracy of the methods depends on the samples 

taken for training. The algorithm then segregates all the pixels in the image into classes. ML is an extension of empirical 

modelling, where formal „machine learning‟ algorithms such as neural networks are used to generate the relationship 

between the indicator quantity and the EO measurements. The ML method is useful if there are appropriate data available 

from in situ observations to train the models and evaluate their fit and are increasingly considered as part of the “Big Data” 

toolkit. They can be successfully applied to a variety of fields that deal with socioeconomic data. For instance, Jean et al. 

(2016) demonstrated how novel machine learning approaches using high-resolution daytime and night-time satellite 

imageries pre-trained with socioeconomic data and using statistical models (e.g. convolutional neural networks), could 

estimate with reasonable accuracy the consumption expenditure and wealth in 5 less developed African countries.  

In Sub-pixel-Based techniques, each pixel is considered amalgamated and the proportion of each class is estimated through 

a different approach such as Fuzzy classification, Neural networks, Regression modelling, Regression tree analysis, Spectral 

mixture analysis, Fuzzy spectral mixture analysis, Fuzzy-spectral mixture analysis.  

Score 4  Image Segmentation Object-based classification (OBIA) performs a classification based on objects rather than 

pixels through image segmentation followed by the image objects being classified using spectral and other relevant criteria. 

Object-based approaches are considered more suitable for very high resolution (VHR) remote sensing images. Many studies 

have proven high accuracy with object-based approaches (Myint et al., 2011; Wang et al., 2004; Weih and Riggan, 2010) 

Score 5 Visual interpretation methods are used directly on the pre-processed satellite data. A first step is to minimize 

distortions and/or errors that can affect the subsequent visual classification process. Thus, once an image is generated and 
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received from a satellite instrument (and before it is moved to the next stage), it can receive a number of pre-processing 

correction methods such as geometric, atmospheric, radiometric, band combinations and data fusion (Khorram et al., 2012). 

Most pre-processing algorithms will be adapted to deal with the specific application for which the data is being used. The 

visual interpretation is then performed by direct operator (human) examination of features from the imagery to extract visual 

elements such as tone, shape, size, pattern, texture, and shadow from the imagery when a target is measured (e.g. 

urbanisation patterns, deforestation, fishery activities).  

 

Non-EO information (Premise 1.2) 

The need for non-EO information to complement the EO data was evaluated in this second part of Premise 1. Similarly to 

the first part, a Score between 1 and 5 was assigned. Non-EO data can be collected from a wide range of sources such as 

census, household or agricultural surveys, administrative data, environmental and meteorological data and can complement 

EO data. In much of the reviewed material, especially those referring to socio-economic indicators of sustainable 

development, the results were not exclusively based on EO data and non-EO data played a crucial role. We assigned the 

papers a score 1 to 5 depending on the non-EO data used, its importance and implications (see Table 2). A low score implies 

that EO data is used only to supplement non-EO data. For intermediate scores, non-EO data is used to provide a „training 

set‟ for EO algorithms and for high scores, EO data is used directly with, perhaps, some non-EO data for validation purposes 

only. 

         2.2.2         Second Premise 

Level of completeness offered by EO data for the data required (DR) to fully calibrate the indicator (Score 1 to 5). In 

Premise 2 we assessed the ability of the type of measure(s) used in the reviewed material to provide the necessary data to 

fully satisfy the data needs of the SDG Indicator. In several cases, a range of scores was assigned because EO data may have 

been able to fully calibrate one element of an indicator but were less able to calibrate other aspects of a multi-aspect 

indicator (such a case is described in detail in the Results).  

 

3.        Results and Discussion 

The methods defined above are being applied on an on-going basis to papers and reports concerning the use of EO to address 

the SDG indicators. We provide detailed examples below of the outcomes from using our MMS system to assess the 

potential of EO to calibrate two of the SDG indicators. The essential features of the EO approaches reported for the example 

indicators are summarised at the beginning of each example, the purpose(s) of each indicator explained and a justification 

for the MMS is presented for each.  

3.1       Example 1: Illegal and unregulated fishing 

Example 1 - SDG indicator 14.6.1 “Progress by countries in the degree of implementation of international instruments 

aiming to combat illegal, unreported and unregulated fishing.” 

Indicator 14.6.1 is applied to measure progress towards SDG Target 14.6. It is based on efforts made by FAO member 

countries to implement key international instruments aiming to combat overfishing and also country responses to the Code 

of Conduct for Responsible Fisheries (CCRF) survey questionnaire, circulated by FAO every two years 

(https://unstats.un.org/sdgs/metadata). FAO is currently working on a worldwide programme called Global Fishing Watch, 

which combines satellite data with cloud computing technology to track fishing and identify suspicious vessel activity. 

Monitoring systems housed on fishing vessels and based on satellite data are being proposed for tracking fishing activities 

and could significantly contribute to FAO‟s efforts to tackle (IUU) fishing, increase detection of illegal activities, and also 

offer cost saving by reducing the need for in-situ inspection. 
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                  Table 3.  Essential questions in assessing the feasibility of EO applicability to Indicator 14.6.1. 
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Essential questions to assess the feasibility of EO 

applications for SDGs Indicators 
Answer 

What characteristic(s) is/are measured? Illegal, unreported and unregulated (IUU) fishing 

What data are used? 
Suomi National Polar-Orbiting Partnership (S-NPP) 

Visible Infrared Imaging Radiometer Suite 

How is the EO data processed? Visual interpretation of pre-processed EO data 

What type of approach (direct/indirect) is used in the 

paper(s)/report(s) in relation to the SDG indicator? 
Direct 

 

Several papers referring to detecting and tracking of fishing vessels are available in the literature. A particularly relevant 

example is Straka et al., (2015) (see Table 3) who used Suomi National Polar-Orbiting Partnership Visible Infrared Imaging 

Radiometer Suite (S-NPP VIIRS) to identify and track ship lights of fishery activities. A unique component of VIIRS is the 

day-night band (DNB). This is a high-sensitivity visible sensor designed to obtain images both day and night. It is very 

sensitive to low levels of light and is therefore capable of detecting the light from individual streetlamps (despite the 750 m 

spatial resolution). Straka et al. (2015) present a notable example of ship tracking from ship lighting in the East China Sea, 

an area shared by People‟s Republic of China (PRC), Japan and the Republic of Korea (ROK). There the parties ratified the 

Sino-Japanese Fishery Agreement in 1997, establishing a Provisional Measures Zone (PMZ) with clear delimitations and 

laws. The study, including individual EO data collections and composites for several months, provide clear evidence of the 

locations of fishing vessels with respect to the boundaries of these agreements.  

Table 4. Completed Maturity Matrix for potential contribution of EO data to SDG Indicator 14.6.1. 

 

 
First Premise Second Premise 

Score  

 

Methods of 

processing EO data 

(Premise 1.1) 

Requirement for non-

EO information  

(Premise 1.2) 
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(Premise 2)                           
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Empirical or semi-

empirical modelling 

EO data supplements 

primary analysis from 

non-EO data 

Very low     (1- 25 % of DR) 

2 

Pixel-based technique 

(unsupervised 

classification) 

EO data in approx. equal 

combination with non-EO 

data 

Low            (26 % - 50 % of DR) 

3 

Pixel-based and sub-

pixel based 

techniques 

EO data used directly; 

non-EO data required e.g. 

as training set for artificial 

intelligence 

Moderate     (51 % - 75 % of DR) 

4 

Image Segmentation -

Object-based 

classification (OBIA) 

EO data used directly; 

limited non-EO data 

requirement e.g. for 

validation   

High           (76 % – 90 % of DR) 
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Visual interpretation 

EO data used directly; 

non-EO data is not 

required 

Very high     (> 91 % of DR) 

MMS=  9 (+/- 1) 
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Such information can help FAO to determine which regions may be at risk for over-fishing worldwide and thus which 

countries do not conform to the CCRF. Therefore, we assigned a score of 5 to both parts of Premise 1 of the maturity matrix 

(Table 4) for this use of pre-processed EO data because it could be interpreted visually and the EO data could be used 

directly without non-EO data in order to monitor the presence of fishing vessels relevant to indicator 14.6.1.  

However, in terms of how completely EO data alone can provide the data to fully satisfy the indicator (Premise 2) we 

assigned a score range of 3 to 5 (Table 4). The use of a range is due to the indicator covering multiple aspects of fishery 

activities. For instance, Straka et al. (2015) only monitored certain areas at a specific date and time. In order to monitor the 

progress made by a country to tackle IUU fishing, we need more dynamic data representing a time series of EO data.  

Furthermore, the S-NPP VIIRS data does not provide the country of origin of vessels nor other aspects such as detailed 

fishing gear features and operational aspects, vessel permitting/licensing information etc. (possibly very high resolution and 

time series imagery can address some of these attributes).  

 

3.2        Example 2: Corruption and bribery 

Example 2 - SDG Indicators 16.5.1 “Proportion of persons who had at least one contact with a public official and who 

paid a bribe to a public official, or were asked for a bribe by those public officials, during the previous 12 months” and 

16.5.2 “Proportion of businesses that had at least one contact with a public official and that paid a bribe to a public official, 

or were asked for a bribe by those public officials during the previous 12 months.”  

These indicators are focussed on information about experiences of bribery, typically but not exclusively between business 

and institutions. The data collection to measure these two indicators are usually undertaken by household surveys 

(https://unstats.un.org/sdgs/metadata) and, at first sight, it is difficult to conceive of a contribution that EO might make to 

fully or even largely satisfy the data needs for these indicators. 

Table 5. Essential questions in assessing the feasibility of EO applicability to Indicators 16.5.1 and 16.5.2 
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Essential questions to assess the feasibility of EO  

applications for SDGs Indicators 
Answer 

What characteristic(s) is/are measured? Corruption and bribery 

What data are used? 

Satellite data on night-time light intensity and 

information about the birthplaces of the countries‟ 

political leaders. 

How are EO data processed? 
Pre-processing methods (corrections), Value 

classification and dependent variable 

What type of approach (direct/indirect) is used in 

the paper reviewed in relation to SDG indicator? 
Indirect  

 

A direct EO measurement of bribery is almost impossible. However, Hodler and Raschky (2014) have demonstrated an 

empirical approach to measuring bribery and corruption using DMSP satellite night-time imagery and non-EO information 

about the birthplaces of a country‟s political leaders from over 38,000 subnational regions of 126 countries between 1992 

and 2009 (see Table 5). Night-time light intensity is valuable as a proxy for economic activity (e.g. consumption, 

production)  (Shi et al., 2014;  Li et al., 2013; Ghosh et al., 2009). Therefore, Hodler and Raschky‟s EO data was able to 

serve as proxy evidence for regional favouritism in a number of less developed countries with weak political institutions. 

They identified that some leaders choose policies that mainly benefited their preferred regions (usually birthplace and the 

area with the most votes received) and this was reflected in increased night-time light intensity when measured before and 

after elections. The EO data in this paper are proposed as a measure of regional favouritism, this being associated with 

inference of a series of bribery and corruption acts. Equal access to public services and a correctly functioning, inclusive 

economy is not synonymous with governments‟ budgets that are invested disproportionally in a leader‟s birthplace.   

In Premise 1.1 of the matrix, we assigned a score of 1 (see Table 6) due to corrections of the raw night-time satellite 

imagery. After the corrections are performed (due to the cloud coverage, fires reflectance, or other ephemeral), the annual 
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stable lights data are presented as digital numbers (DN) on a scale from 0 (none) to 63 (high night-time light), thus the 

obtained datasets are DN proportional to radiance. Therefore, the empirical model shows generally higher economic activity 

in the more night light-intense areas. In order to validate their assumptions, the DN data has been modelled through a variety 

of regression models, such as dummy variables in semi-logarithmic regressions. 

The EO data was given a score of 2 (see Table 6) for Premise 1.2 because complementary non-EO data for the political 

leaders‟ birthplace and the relationship of night-time light intensity with economic activity has been used in approx. equal 

proportions with the EO data for the night-time light intensity. Hodler and Raschky (2015) combined these data to infer the 

presence of bribery and corruption behaviour by public officials and politicians associated with favouritism in economic 

development, as observed through night-time light intensity measurements. 

Table 6. Completed Maturity Matrix for potential contribution of EO data to SDG Indicators 16.5.1 and 16.5.2. 

 

We scored as a 3 the completeness of EO data (Premise 2) in representing regional favouritism relevant to the indicators 

16.5.1 and 16.5.2. Thus, we consider that the approach in this paper offers valuable EO data support to address these 

indicators (especially where other data are sparse or absent) but that a full calibration of the indicators will need either 

ground-truthed census-type data as a core component of the dataset or to establish a fully validated, local correlation of the 

EO data for local corruption and bribery aspects. 

3.3        DPSIR framework analysis 

In order to gain a fuller perspective on the potential for EO to support the SDG indicators, we assessed the indicators with 

regard to the well-established DPSIR Framework (Figure 1). This recognises how the structure and mechanisms of a 

balanced set of indicators can support sustainable development in general and, from previous experience, which groups of 

indicators within the DPSIR framework have been shown to have been readily amenable to support by EO. We note that the 

DPSIR model was not a specific basis for the creation of the SDG targets and indicators and so we did not anticipate or 

envisage a priori any specific alignment between these 2 frameworks. 

 First Premise Second Premise 

Score  

 

Methods of 

processing EO data 

(Premise 1.1) 

Requirement for non-

EO information  

(Premise 1.2) 

Level of completeness offered by EO 

data for the data required (DR) to fully 

satisfy the indicator 

(Premise 2)                           

  (% given only for guidance) 
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Empirical or semi-

empirical modelling 

EO data supplements 

primary analysis from 

non-EO data 

Very low     (1- 25 % of DR) 

2 

Pixel-based 

technique 

(unsupervised 

classification) 

EO data in approx. equal 

combination with non-EO 

data 

Low            (26 % - 50 % of DR) 

3 

Pixel-based and sub-

pixel based 

techniques 

EO data used directly; 

non-EO data required e.g. 

as training set for artificial 

intelligence 

Moderate   (51 % - 75 % of DR) 

4 

Image Segmentation 

-Object-based 

classification 

(OBIA) 

EO data used directly; 

limited non-EO data 

requirement e.g. for 

validation   

High           (76 % – 90 % of DR) 

5 
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E
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Visual interpretation 

EO data used directly; 

non-EO data is not 

required 

Very high   (> 91 % of DR) 

MMS = 4.5 (+/- 0) 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

167



Figure 1. DPSIR Framework model. (Source: EEA, 1999) 

 

We evaluated SDG indicators according to the DPSIR Framework model based on its components described in the 

introduction. The classification was based on our judgement along with views expressed in the literature (where available) 

and we recognise that classifying indicators into the DPSIR categories is not a precise science. We found (see Fig.2) that the 

indicators are indeed unevenly distributed, which may place an unwanted limitation on the opportunity for EO support 

across the widest possible range of indicators. An analysis/critique of the array of SDG indicators and targets is outside the 

scope of this paper.  

Only 3 % and 6 % of the SDG indicators fell into the Pressure or Driving Force DPSIR categories respectively. The States 

indicators were the most strongly represented at 41 % and were found in most of the SDGs. EO could contribute strongly to 

many of these indicators e.g. 1.1.1, 1.2.1, 1.4.1, 7.1.1, 7.1.2, 7.2.1, 7.3.1, 10.3.1, 11.3.1, 16.b.1. Impact indicators represented 

18 % or the total spread, and were mostly related to human health (3.3.3, 3.6.1, 3.9.1, 11.5.1, 11.5.2, 13.1.1.) several of 

which can be indirectly supported by EO. Most SDGs include at least one Response indicator, with 32 % of indicators being 

of this type. These, however, are typically hard to measure directly by EO. As discussed herein, we consider that there is 

scope for the use of supportive monitoring by EO data of the progress/regress made by a country in accordance with 

legislation and national and international agreements and norms relating to the SDGs.  

We believe that the unevenness in distribution of the types of SDG indicators, as seen here in the context of the DPSIR 

framework, places some restriction on the potential role that EO could play in providing data to support the SDGs. As shown 

in Figure 2 we assess that more than 90 % of the SDG indicators fall into the Response, Impact and State categories of the 

DPSIR framework. Pressure indicators such as forest fires, over-fishing, emissions to air, water and land, infrastructure, 

land-use, light pollution, urbanization, are all quite readily tractable to EO but they are not mentioned in the SDG global 

framework. Indeed, only 3 % of the SDG indicators are Pressure indicators in our interpretation of the DPSIR framework 

(these being 9.1.2, 9.4.1, 11.1.1., 12.3.1. 14.1.1 (only the part referring to “floating plastic debris density”)), which appear to 

have a potential for EO data contribution. However, Pressure indicators are important because they are causal in the issue 

(European Commission, 2001). For instance, pressures on the environment from over-exploitation of resources or the 

emission of pollution lead to environmental change (Maxim et al., 2009; European Commission, 2001). In the DPSIR 

framework, it is common for a target to have a Pressure indicator(s) associated with the appropriate State indicator(s) in 

order to address problems in a manner linked to cause and effect chains (Spangenberg, 2016). From this brief exploration of 

the nature of the SDG indicators, we find that considerable unevenness exists between the various DPSIR framework 

categories and the nature of indicators present currently in the SDG framework. This concurs with Spangenberg‟s (2016) 

finding for the SDG targets. We suggest that when revising the SDG indicators it would be beneficial to consider the effect 
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of this imbalance on two main outcomes, 1) the fundamental support of the indicators for the achievement of the SDGs 

themselves, and 2) maximising the opportunity to harness EO in support of the SGDs.  

Figure 2. The proportion of SDG indicators within each of the 5 groups of the DPSIR framework. 

 

3.4       Discussion 

The results presented here suggest that there is potential to use EO-derived data for populating the SDG indicators, but 

potential does vary across the spectrum of indicators and is not an „all or nothing‟ proposition. For example, it is important 

to consider the contribution of EO to indicators that will also require data collected „on the ground‟, perhaps via surveys. 

There is also potential to use EO-derived data to triangulate other data and check for accuracy. Proxy indicators have a role 

here and it is important to consider how EO-derived data applied to the indicators may allow for contributions towards 

assessing progress towards SDG targets.  

 

Interestingly, the analysis of the SDG indicators suggests that the vast majority fit into the Response, Impact and State 

components of DPSIR, with few within the Driving Force or Pressure components. But EO can help a great deal with 

Pressure indicators, as the indicators can be assessed regularly, perhaps daily. Therefore, maybe there should be some 

reconsideration of the SDG indicators to include more Driving Force and Pressure components, particularly if technology is 

now available to help with their assessment. We realise that this may be a contentious call and some may argue that 

availability of data should not be the prime consideration when selecting SDG indicators, but the lack of Driving Force and 

Pressure indicators in the framework should be a concern in any case whether they are amenable to EO-derived data or not.  

The results we have presented in the paper relate to example indicators from the SDG framework but there is also potential 

to apply the framework to prospectively test hypothetical or as yet untried opportunities for applying EO to SDGs, using 

indicators not presently listed in the formal system but which could have applicability to help address targets. We readily 

acknowledge that the set of indicators defined by the UN for the SDGs will have a strong degree of „acceptability‟ amongst 

policy makers and others, and suggestions for alternative indicators, even if they are geared towards the same SDG target, 

may be regarded as being of lesser relevance. There is clear momentum behind the present indicators in the sense that these 

are seen as key performance reporting tools at national and international scales, and attempts to replace or even supplement 

them with other indicators may be regarded with suspicion.  However, we would argue for flexibility here and it is the SDG 
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targets that matter and care does need to be taken that the indicators specified within the SDG system do not become over-

rigid, with no further consideration of alternatives. 

Table 7 provides a „dashboard‟ from our maturity matrix systematic scoring of where EO „opportunities‟ exist across the full 

spectrum of the SDGs and their indicators. This is based on the reviewed papers/reports and the GEO case studies: the 

colour banding summarises ranges of MMS values assigned to each indicator. Green in Table 7 denotes a high potential of 

EO data directly to measure the SDG indicator, assigned when the MMS is 7 or more. Yellow indicates the SDG indicator 

might be directly or indirectly measured by EO data, MMS between 4 and 7. Red indicates that the indicator is mostly 

measured through an indirect approach with EO data playing a minor role, MMS between 1 and 4. Grey represents 

indicators that are still being working on and for which our assessment is unfinished (they are as yet „unclassified‟). In the 

ultimate version of the dashboard, scores of 0 will be included also to represent those indicators where no support at all from 

EO data has been found.  

 

             Table 7. EO potential to monitor SDG Indicator (MMS: red 1-4; yellow 4-7; green 7-10; grey – still in progress) 

The dashboard green and yellow colours reflect the greatest potential for satellite data to monitor, support, or contribute to, 

the SDG indicators either directly or indirectly. As can be seen, this is on-going work and a comprehensive assessment of the 

full set of indicators is under development. The maturity matrix is in an incipient form at present and we expect further 

evolution based on continuing review of emerging papers/reports. Nevertheless, our findings with the ones assessed to date 

show that EO approaches can provide relevant data to support a very wide range of SDG indicators, including those in the 

socio-economic domain. Several of these go well beyond the obvious and familiar candidates for such EO approaches (e.g. 

deforestation, urban development).  
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We recognise a number of limitations in this assessment system for the applicability of EO-derived data for the SDG 

indicators.  We acknowledge the various assumptions that underpin the assessment system, and there is a degree of 

subjectivity in the evaluation of the EO potential, although the literature is used wherever possible to support the decisions 

made. There is potential for bias in our scoring system because there are two scores for Premise 1 and one for Premise 2 and 

also aspects of possible skew, overlap/double counting between Premise 2 and the second part of Premise 1 etc. Approaches 

exist for adjusting for such potential biases e.g. weighting, which can also be used deliberately to place greater weight on 

some attributes of the system than others when developing such aggregate scores. Efforts are currently underway to develop 

a more detailed MMS framework that further increases the transparency and amenability to testing under „what if?‟ 

scenarios of the various assumptions we have made.  We will also be seeking the views of experts in the EO and indicator 

communities on the further refinement and evolution of this MMS framework.   

4.       Conclusions 

We find that EO data has a substantial contribution to make in supporting progress towards many of the SDGs. In particular, 

EO data can potentially populate (entirely or as valuable, complementary data) several of the socio-economic SDG 

indicators. The maturity matrix approach has supported a systematic investigate the potential of EO data to monitor/ support 

(directly or indirectly) each SDG indicator and to provide a „big picture‟ of the value of satellite data to address individual 

SDG indicators. This can help further development and bring opportunities to enhance the role that EO as rich support for 

the SDGs via the provision of robust, timely, readily updated, independent, transparent and relevant data at economically 

sustainable cost. 

We have also observed an imbalance in the number of SDG indicators attributed to each component of the DPSIR 

framework which likely acts negatively to narrow the benefits that EO data can provide. 

Overall, we suggest that it would be beneficial to use some flexibility when further evolving the SDG indicator set on order 

to develop those that: 

i) are highly efficient and effective at helping to assess progress towards the SDG targets, and  

ii) can be designed to make optimal use of EO-derived data. 
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Abstract 
This paper analysed a comparison between the more traditional education methods and the cooperative learning methods. 
Both of them were used in the study course of Tourism Eco-Management in the “Sustainable Tourism Lab”, provided by the 
School of Management and Economics of the University of Turin, during the academic year 2017/2018. The course aims at 
stimulating the students’ curiosity and strengthen their ability to carry out research. It will provide in depth knowledge of these 
two tourist drivers that are ever more present on today’s international market. The scope was that of highlighting and 
demonstrating the efficacy of the cooperative learning system as a tool applied to the development of project work. A scheme 
that allows for the implementation of the cooperative learning method has been suggested. 
The model proposed by the authors consists of five stages: “call for ideas” to stakeholders with the choice of project works; 
“identification of teams and the planning of research activities”; “monitoring and presentation of project works”; “evaluation 
of the project works” given by exam commissioners, students who participated in the teams, stakeholders who commissioned 
the research and other stakeholders who participated in the presentation activity; “identification of improvement actions”. 
The examining board were, on the whole, very satisfied with the group work, in as much as the objectives were reached in 
most of the groups and the majority of them adhered to the principles of cooperative learning. 
Cooperative learning experience was considered to be positive by all those involved in the research at the course of Tourism 
Eco-Management. Indeed, the groups constructed a project that could be carried-over to a real-life situation, as the initial data 
had been provided by the stakeholders on the basis of a real need. This preliminary study broadens the application of 
cooperative learning to encompass meeting real needs in various territories, through the addition of the sectorial know-how 
and expertise of the educators and facilitators. 
 
Keywords: cooperative learning – sustainable tourism – project work – group work – group assessment 

1. Introduction  

One of the great challenges universities have to face is that of increasing the quality of learning and teaching. Educators should 

innovate their teaching by creating learning contexts focused on the student using, not only digital technologies, but also group 

work that employs cooperative learning methodologies. Group work was introduced into the syllabus in degree courses over 

the last few years. 

Some authors have reported several cooperative learning experiences in secondary and university education (Zedda et al. 

2017), in subjects like: science, English (MacQuarrie et al., 2012), information technology (Joyce and Elliot, 2007), economy 

(Leeds et.al., 1998), accountability (Bonanno et al., 1998), medicine (Kamin et al., 2003) and social studies (Salako et al., 

2013). Cooperative learning differs from the more traditional methods, both for the educator and the student (Kilgo et al. 

2016). Cooperative learning is enhanced by the presence of a “facilitator”, who transfers the acquisition, organization and 

application of knowledge from the educator to the student (McKeachie, 2002; Messier, 2005). 

Cooperative learning strategies will work as long as there is careful planning, observation and evaluation, elements essential 

to help students move coherently (Hardwick, 2000). Effective cooperative learning strategies differ from traditional teaching 

strategies in as much as they put more responsibility onto the student. Indeed, each student contributes with a fair share, 

through an active participation, with successful cooperative and communication skills, that lead to the completion of the 

activity. 
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This method has improved relationships between students and educators in western countries, providing an efficient exchange 

of information (Johnson, Johnson and Smith, 2000; National Commission for Cooperative Education, 2003). The more 

frequent interaction between the educator and the student, necessary for cooperative learning, provides the opportunity for 

reflection on learning dynamics, adapting the syllabus so as to make a better learning experience for the student. 

Johnson and Johnson (1994) reported that cooperative learning is made up of three theories: social interdependence, cognitive 

development and behavioral learning (Aziz and Hossain, 2010). Furthermore, they state that these three theories have to be 

supported by five components i.e. positive interdependence, individual responsibility, face-to-face interaction, the appropriate 

use of collaboration skills and job assessment to maximize the success of the cooperative learning approach. 

The social interdependence theory was born in the early 20th century. Deutsch (1949) claims that individuals interact with 

each other and that this interaction is determined by the structure of social interdependence. Individuals can interact in two 

ways: through the promotional interaction, which arises from the positive interdependence between the group members and 

the oppositional interaction, which comes from negative interdependence, where each member strives to minimize the success 

of the other group members. 

Piaget’s (1965) cognitive development theory states that group members involved in cooperative learning activities will 

participate by presenting their opinions, discussing with one another, identifying weaknesses in their reasoning strategies, 

making corrections and learning concepts, one from the other. 

Bandura’s (1977) behavioral learning theory emphasizes the effects of group reinforcement and extrinsic motivation for 

learning. Moreover, Slavin (1983) reported that the group’s extrinsic rewards promote interactions and increase efforts to learn 

amongst group members. 

Some authors have analysed various cooperative learning tools (Abrami et al., 1995; Alipour, 2016; Buchs and Butera, 2015; 

Sharan, 1999), including group work (Davidson, 1994; Sullivan and Wilson, 2015). 

Group work creates positive interdependence amongst the group, aimed at reaching the goal (Johnson et al., 1993). Indeed, 

the student should identify a common goal and be aware that the group must complement one another if they are to reach their 

set goal. Moreover, they should understand that each of them can achieve their objective only if the other team members also 

work in the same direction (McCuen and Pober, 2016). The common goal of the team must be that of ensuring each member 

understands, masters and integrates the material the team is working on. 

Therefore positive interdependence and individual responsibility should invite constructive interactions, such as the exchange 

of information and the co-construction of knowledge. 

The team members should have a clear and positive interdependence by working together on a common goal. They are 

responsible for their own contributions to the group work. The student is to be able to use interpersonal skills positively so as 

to promote individual responsibility and reach the set goals during the construction of the project work (Johnson and Johnson, 

1992; MacQuarrie et al., 2012; Salako et al., 2013). It has been reported that group work is one of the cooperative learning 

methods able to maximize student learning (Johnson et al., 2000). It is considered an educational strategy that takes advantage 

of several elements, e.g. knowledge sharing, cooperation in carrying out an activities and social interaction to improve the 

quality of the learning (Johnson et al., 2013). 

Integrative educational activities, such as group work, are considered one of the factors able to influence student satisfaction 

(Letcher and Neves, 2010). Group work satisfaction reflects the level of emotional response that the individual holds towards 

the experience (Pang and Hung, 2012). Furthermore, the satisfaction level expressed by the individual suggests how group 

work and its performance meet the needs of the members. 

The team links emerge both from activities based on tasks related to the positions of the members assigned by the team manager 

and the team’s decisions on how to allocate them (Crawford and Lepine, 2013). Cooperative learning requires the students 

work in small groups, usually from two to five, so as to promote individual interactions between the members. The team should 

be engaged in a group assigment (Cohen, 1994), which necessitates the work of all the members, rather than a single individual 

(Cohen, 1994). Team work in companies can be supported by stakeholders that provide useful knowledge and skills to develop 
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the project work (Deale et al., 2010). Indeed, this method allows for the teaching, not only of a specific subject, but also of 

important transferable professional skills (Topping, 2010). 

How the educator assigns scores to the work completed influences the student’s opinion as to the efficacious of this method 

(Pöysä-Tarhonen et al., 2016). It has been reported that the student considers an educator to be lacking in experience in the 

assignment of scores as they believe the educator has not fully understood the individual contributions made to the project 

(Blackshaw and Latu, 2005; Joyce and Elliot, 2007). Performance assessment could help students identify their strengths and 

weaknesses. Educator feedbacks could be used to propose corrective actions and develop transferable professional skills 

(Topping, 2010; 2003). 

Understanding the dynamics of the group and the student satisfaction could provide elements to improve the method and how 

to manage it in the classroom. Student satisfaction has become a critical indicator of the quality of teaching and, consequently, 

of the education provided (Hodges et al. 2014; Thompson, 2007). 

2. Aims and Methods 

This paper analysed a comparison between the more traditional education methods and the cooperative learning methods. 

Both of them were used in the study course of Tourism Eco-Management in the “Sustainable Tourism Lab”, during the 

academic year 2017/2018. The course aims at stimulating the students’ curiosity and strengthen their ability to carry out 

research. It will provide in depth knowledge of these two tourist drivers that are ever more present on today’s international 

market. 

Once the students has acquired knowledge of these methodologies he/she will be able to understand and critically evaluate 

policies and tools adopted by the stakeholders to increase market competitiveness. 

The scope was that of highlighting and demonstrating the efficacy of the cooperative learning system as a tool applied to the 

development of project work. A scheme that allows for the implementation of the cooperative learning method has been 

suggested. This scheme includes 5 phases, as in figure 1. 

 
Figure 1. The development stages of the best team work and the best project work. 

Stage 1: call for ideas  

The first stage describes how and which stakeholders were enrolled. The persons already collaborating with our course and, 

therefore, both versed and interested in the development of this project on sustainable tourism, were invited to take part. After 

having enrolled the stakeholders each of them proposed a project for the groups to work on, that, in theory, could be applied 

in practise once concluded. Therefore, the prerogatives of stakeholders were taken into consideration in the definition of the 
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methods and processes used to implement the projects. This approach enabled us to identify the development opportunities, 

highlighting the detailed needs. This stage determines a call for projects from stakeholders and provides a definition of each 

project and the work to be done. The project work method has a strategic function in the learning process and qualifies its 

educational offer, in order to promote the achievement of competences during the course of Tourism Eco-Management. 

Stage 2: the identification of teams and the planning of research activities 

The second stage includes the project work presentation and the choice of the project manager. During this phase we analysed 

literature for the variables that go to make up group work, such as dimension, duration etc., in order to set-up the group work. 

Group work was done throughout the Tourism Eco-Management course, which had 9 academic credits and lasted for a total 

of 72 hours, divided up into 5 teaching hours per week. The course provided 40 hours of traditional lessons and 32 hours of 

cooperative learning. A total of 24/30 students participated in group work. 

The students themselves determined who was part of each group as well the subject to be developed, in order to increase the 

level of satisfaction. The number of the members in each group was based the model proposed by Joyce and Elliot. During the 

planning stage, we set-up the projects and defined the methodology to be followed, as well as milestones and just how detailed 

some issues should be compared to others. 

Stage 3: monitoring and presentation of project works 

The third phase involved establishing a specific task, i.e. learning and competition processes. The idea of a project was detailed, 

combining both theory and practice. The educators and the project manager carried out continuous monitoring of the activities 

during this stage, so as to obtain feedback on how to improve the final results. 

Stage 4: assessment of the project work 

The group performance was evaluated by both the educators and stakeholders. The examination board established the 

indicators to be used by the educators for the evaluation of the group work and each team member. These indicators were: 

• the quality of the oral presentation, considering how the data were presented and the degree of confidence the candidate had 

in supporting his/her own ideas in front of the examination board; 

• the materials chosen for the presentation, e.g. power point and the written report detailing the research method; 

• the project work as a whole, considering whether the final objective/s had been reached, taking into consideration also the 

project manager’s opinion. 

Once completed, the stakeholders made a feasibility evaluation of the projects on the basis of how the results could effectively 

be carried over into a real-life situation.  

The students, according to the rules/regulations of the University of Turin, also evaluated the project work through what is 

known as the “Edumeter.” 

Stage 5: identification of improvement actions 

Some potential improvement actions were identified to be implemented into the group work syllabus for future academic 

years. 

3. Results and Discussion 

The implementation of the “Sustainable Tourism Lab” project work, planned during the Eco-Management of Tourism course 

in the academic year 2017/2018, plays a strategic role in the learning process of the students and enhances the traditional 

education system. Table 1 describes how this was done. 

Table 1. Group Work. 

Group Topic Number of 
Group 

Members 

Topic Description and Set 
Goals 

Goals achieved 

1 Industrial Tourism 
in Aosta Valley 

(Italy) 

2 To evaluate the dissemination 
of this type of tourism in the 

Aosta Valley, with a 
sustainable focus. 

The goal was partly reached, as there 
was poor stakeholder collaboration, 

even if a total of 152 companies 
collaborated in the research. 
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 The conclusion that Industrial Tourism 
is not yet widespread and, when 

present, is poorly publicized, was 
made. 

2 Vinchio Hostel the 
Province of Asti 

(Italy) 

5 To assess the feasibility of 
using a building that was 

once a play school, to 
accommodate, above all 

sustainable tourists. 

The goal was reached through a 
touristic analysis of the province of 
Asti, applying the SWOT analysis. 
A preliminary tourist poll provided 
marketing proposals with a business 
plan and the project gave a positive 
assessment of the destination of the 

building. 
3 Accessible Tourism 

Demand in Turin 
(Italy) 

 

6 To assess the perception of 
accessible tourism in Turin, 
targeting senior travellers. 

The goal was reached through the 
evaluation of the accessible tourism 

concept. 
The European Best Practice Analysis 

was applied. 
A total of 70 senior travellers 

contributed to the research, which 
revealed a lack of awareness on this 

subject. 
4 Accessible Tourism 

Offer in Monferrato, 
Asti (Italy) 

6 To understand how well the 
operators in this sector are 
prepared and equipped for 

this kind of tourism. 
To make an analysis of the 

tourist hospitality facilities in 
Monferrato, Asti, affiliated to 
the association - In the Hills 
(In Collina) in Castelnuovo 

Don Bosco. 

The goal was reached through a 
touristic analysis of Monferrato, Asti- 
A total of 36 operators participated. 
The results evidenced that, although 
there are numerous facilities in this 

area, they are not yet fully 
equipped/prepared for this kind of 

tourism. 
Therefore, Proposals were made for 

territorial strategies. 
5 Filatoio Rosso di 

Caraglio, Province 
of Cuneo (Italy) 

5 The set- up of projects for the 
touristic orientation of the 

Filatoio Rosso of Caraglio. 
(It is the oldest silk factory in 
Europe and one of the few in 
Italy to have been destined as 

a museum). 

The goal was partly reached due to 
various factors, including inter-group 
dynamics and poor collaboration from 
the stakeholder, mainly due to their not 

having a clear idea of what they 
wanted from the group. 

 

While working on their projects, the groups applied the approaches and methods identified in the cooperative learning literature 

(Davidson, 1994; Hardwick, 2000; Johnson, Johnson and Smith, 2000). During the planning stages, some positive elements 

were identified by the group members, which maximized the success of the cooperative learning approach. 

The first element is that of positive interdependence (Johnson et al., 1993) among the group members, especially in the groups 

2, 3 and 4. The members relied on one other to reach their goals, even if each single members worked alone, so as not to be 

influenced by the others and then pooled their results for group comment. Conversely, groups 1 and 5 developed a limited 

interdependence, which led to some conflicts (Deutsch, 1949). 

During the planning stage of the work, the project was implemented by combining a theoretical dimension with some practical 

applications. In this process the stakeholders, along with the project manager, carried out a quality control of the activity 

planning, so as to orient the students towards reasoning in a defined territorial context. 

The development process of the work groups also evidenced another positive element covered by individual responsibility of 

the group members (Johnson and Johnson, 1992; MacQuarrie et al., 2012; Salako et al., 2013). Throughout the project period, 

each group member interacted with the stakeholders and the project manager. A final analysis showed that groups 3 and 4 

were able to establish a good interaction. 

The third element i.e. the face-to-face interaction among the group members (Cohen, 1994), showed that, although some of 

the project work was accomplished individually, most of the group members interacted actively with one other, exchanging 

ideas, expressing any difficulties and providing feedback. Therefore, there was an exchange of experience/background and 

education (Johnstone, 1997). This element was particularly evident groups 3 and 4. Conversely, this exchange was poor in 
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group 1 and could be attributed to the fact that there were only two member’s in this group (as aforementioned, the groups 

were set-up by the students themselves and these two members came from the area under study, which biased their choice). 

The fourth element, i.e. the proper use of cooperative skills (Deale et al., 2010; Topping, 2010). The students were encouraged 

to develop their own decisions and to exercise leadership/ follower/collaborative qualities. Groups 2, 3 and 4 showed a good 

capacity, whilst groups 1 and 5 had difficulties, which were evidenced in their final results as can be seen in table 1.  

In the third element i.e. the evaluation of the work (Johnson and Johnson 1994), the groups were asked to make a self-

evaluation of how they were working and whether they thought they were on the way to reaching their goals/milestones. 

Groups 2, 3 and 4 had the best results. 

Another important aspect of cooperative learning is that of group work assessment by the examining board, stakeholders and 

students, as show in table 2 (Topping 2010, 2003). Table 2 shows the evaluation criteria applied by the examination committee 

during the presentation of the group work. 

Table 2. The Criteria used for Assessment. 

Group 
Work 

Students Oral 
Presention 
Assessment 

Material 
Assessment 

Project work 
Assessment 

The 
Educators’ 

Assessment of 
Each Student 

Group Work 
Assessment 

Stakeholder 
Assessment 

1 1 B/C B B B B B 
2 C B/C B B/C 

2 1 B B B B A/B B 
2 A/B B A/B A/B 
3 B A/B A/B A/B 
4 B B B B 
5 A/B A/B A/B A/B 

3 1 B A/B A/B A/B A/B A/B 
2 A/B B A/B A/B 
3 A/B A/B B A/B 
4 B B B B 
5 A/B B A/B A/B 
6 B B B B 

4 1 A/B A/B A/B A/B A A 
2 B A/B A/B A/B 
3 A A/B A/B A/B 
4 A/B B A/B A/B 
5 A/B A/B A/B A/B 
6 A/B B A/B A/B 

5 1 B B/C B B B B/C 
2 B B/C B B 
3 B B B B 
4 B B B B 
5 C B B B 

 

N.B. Details of marking system. 

Grading Scale 30 cum 
laude 

30 29 28 27 26 25 24 23 22 21 20 19 18 

ECTS (European Credit 
Transfer System)  

A A/B B B B B/C C C C/D D D D D D/E 

 

The examining board were, on the whole, very satisfied with the group work, in as much as the objectives were reached in 

most of the groups and the majority of them adhered to the principles of cooperative learning. Group 4 gave excellent results, 

followed by groups 2 and 3 respectively. Whilst, groups 1 and 5 had some difficulties, even if the end product was more than 

satisfactory. 

The stakeholders’ assessments were positive, above all, as expected, for groups 3 and 4. Whilst the students’ assessment gave 

an average degree of satisfaction of  >80%. 
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4. Conclusions 

This cooperative learning experience was considered to be positive by all those involved in the research at the course of 

Tourism Eco-Management. Indeed, the groups constructed a project that could be carried-over to a real-life situation, as the 

initial data had been provided by the stakeholders on the basis of a real need. This preliminary study broadens the application 

of cooperative learning to encompass meeting real needs in various territories, through the addition of the sectorial know-how 

and expertise of the educators and facilitators. 

The experience of cooperative learning, within the “Sustainable Tourism Lab”, will surely be continued and enhanced, not 

only in this course, but also in others. Further application of this method will hopefully lead to improvements in both the 

involvement of stakeholders and how the information they provide is sufficient and clear enough to guide the teams towards 

a good carry-over final product. 
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Abstract 

Industrial ecology is an emerging field that studies the physical foundations of the socioeconomic systems (e.g., flows and 

stocks of materials) and approaches to sustainable development from various levels such as individuals, businesses and 

industries, cities, and countries. According to a recent review, industrial ecology education has been mainly offered at 

engineering and physical science departments and schools, which shows a particular emphasis on the technical and engineering 

aspects of industrial ecology. In this study, we present a case to show how industrial ecology can be integrated to the education 

program at management schools. We particularly examine the case of the School of Management at the Universidad de los 

Andes, which is one of the first schools that introduced industrial ecology in their undergraduate, graduate, and executive 

education programs in Latin America. We first identify the link between industrial ecology and management to show the 

relevance of industrial ecology in management education and present how the idea and approach of industrial ecology is 

integrated into various courses and research programs. This study contributes to the understanding of the role of higher 

education in transforming societies for sustainability, particularly in the context of emerging economies. 

 

Keywords: Education for sustainability, Industrial Ecology, Management education 

 

1. Introduction  

 

Sustainable development entails many challenges. The industrial sector is not alien to these challenges, and is both blamed 

and praised for the impact (positive and negative) it has on the components of the triple bottom line framework. Companies 

operating in emerging economies encounter substantial barriers for the implementation of sustainable business practices, such 

as highly turbulent business environments and institutional voids (Silvestre, 2015b). Legal uncertainty and unclear and 

continuously changing rules, discourage proactive actions toward sustainability transitions (Silvestre, 2015a; 2015b). Such 

conditions require creative thinking and novel management models in order to address sustainability challenges. However, 

there is also a need to develop skills in managers that allow for well-informed decision making processes and, perhaps most 

importantly, at least basic knowledge of environmental services, life-cycle thinking, and environmental assessment tools. 

Sustainability transitions are not only a matter of solving technical challenges (Geels, 2002; Montoya Brand, 2005). Engineers 

and technicians are trained to find technical solutions, but do not necessarily have the authority to assign the required resources 

to advance sustainability projects, especially within organizations. In this line of thought, it is of outmost importance to prepare 

(educate? train?) managers and decision makers to understand the relevance of sustainability transitions, and assign the 

necessary resources to implement them. In addition, emergent regulations, regional and global agreements, and customers 

exert pressure on companies to improve their environmental performance. Managers are thus in a strategic position to promote 

and operationalize the required changes, while ensuring profitability and competitiveness for the companies they lead. 
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Although emerging economies have strengthened their institutional capacity and their ability to enforce environmental 

regulations, there are still numerous challenges (Silvestre, 2015a; 2015b). As Jackson (2009), Schneider et al. (2010), and van 

Griethuysen (2010) discuss, sustainability transitions cannot come only from regulators and governmental agencies, but from 

the very roots of society. This assertion sends a clear message to universities and other educational institutions in charge of 

training individuals to create value, and address current and future societal challenges. In particular, emerging economies face 

the significant challenge of pursuing economic growth, while preserving the environment. This challenge has different 

components. One of them is of a technical nature: developing production/commercial technologies and advancing science, or 

adopting foreign technologies to increase productivity. Another component is of a social nature: understanding the 

problems/challenges, building networks to face them, and agreeing on a solution (Hillman et al., 2011). Finally, there is a 

managerial component: devoting resources to properly implement the available solutions. These resources can come in the 

form of laws and regulations, human resources (e.g. staff, auditors, researchers, and teachers), financial resources, or spatial 

resources (e.g. buffer zones, treatment facilities, and natural reserves), among other. 

This article is focused on discussing the central role that higher education institutions play in this dynamic. For this, we will 

analyze the case of the School of Management at Universidad de los Andes, in Bogotá, Colombia. The nature of this school 

of management (like that of many other) has been traditionally (although not necessarily exclusively, as we will explore later) 

entrepreneurial and managerial. In line with what has been exposed above, it has direct inference on two components: the 

social and the managerial. These components of sustainability challenges are addressed with the inclusion of courses directed 

at giving management students access to knowledge that before, due to the orientation of the programs they registered to (e.g. 

marketing, business administration, and accounting at the under-graduate level) was not within their direct reach. 

Environmental and sustainability knowledge has historically been dominated by engineers, ecologists, biologists, 

environmental scientists, architects, etc. The objective is then to provide management students with basic training in ecosystem 

services (during their first year) and environmental management (during their third year), and a deeper training in industrial 

ecology (at the master and doctorate levels). 

The ultimate goal of such approach is to support the advancement of the society from the very roots, i.e. from its professional 

base. When managers can align the interest of shareholders with those of all stakeholders, and can understand the relationship 

between production and conservation through the use of basic IE tools, the impact their sectors and companies have on the 

environment will be attenuated.  

 

2. Education for sustainable development 

 

Although multiple societal sectors have realized the need, importance, and advantages of considering sustainability in their 

activities, many of them still face significant challenges to do so. This is particularly true for the education sector. Due to 

specialization and historical/contextual conditions, many universities still face obstacles for the inclusion of education for 

sustainable development in the programs they offer; the lack of awareness of its importance is still an enormous obstacle for 

its integration into higher education curricula (Ceulemans and De Prins, 2010). 

In part, this is due to the fact that sustainability must be seen as a transversal topic connecting curriculum, campus, research, 

and community strategies (Cebrián et al., 2015), which might be difficult to achieve considering that higher education 

institutions tend to work as complex, unconnected silos (Ramos et al., 2015). Furthermore, considering that sustainability 

challenges demand critical reflection, stakeholder analysis, systemic thinking, and collaborative action, the inclusion of 

education for sustainability in universities require changes in pedagogical methods (Cebrián et al., 2015; Ramos et al., 2015), 

adaptation of the literature and accumulated knowledge into the local context and the actors involved (Ceulemans and De 

Prins, 2010), and a change in the language so as to highlight connections with other fields of knowledge and avoid the feeling 
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of imposition (Cebrián et al., 2015). All of this requires of course institutional support, represented in commitment, resources, 

adequate planning, communication, and even the inclusion of sustainability in the institution’s mission, vision, policies, and 

objectives (Cebrián et al., 2015; Schmitt Figueiró and Raufflet, 2015). Finally, and perhaps most importantly, universities 

must “walk the talk,” i.e., apply sustainability thinking into their everyday activities, engage with relevant stakeholders, and 

promote sustainability in students and employees (Dentoni and Bitzer, 2015; Schmitt Figueiró and Raufflet, 2015). 

3. The foundations for IE education at Los Andes School of Management (UASM) 

 

Sustainability education at UASM began/emerged in 1995, when a former dean of the faculty returned to the School after 

serving as the first Minister of the Environment. Sustainability was identified as an important component of the faculty’s 

strategy to become a modern school of management. However, it was not part of its DNA, since other traditional fields of 

knowledge received most of the attention (i.e. management theory, entrepreneurship, finance, accounting, strategy). 

A main momentum to embrace sustainability came ten years later when members of the faculty received external funding for 

the development of two master programs in 2005: Masters on environmental Management (MEM), and Masters on 

Development Practice (MDP). [What were the objectives of the funding (in relation to sustainability)? We also need to 

introduce contents of these two programs in detail] This made it possible to hire full-time professors that would teach 

sustainability courses and start unraveling the sustainability components of the faculty’s strategy. With this funding, the faculty 

was able to offer scholarships and attract students from the Andean region, since the intention was to expand the faculty’s 

regional outreach. In addition, the funding entity’s director suggested Yale School of Forestry and Environmental Studies as 

a model program, which proved to be decisive to give the program some momentum.  

Sustainability education started strong at the graduate level. However, the success achieved by courses taught at this level 

resulted in administrative support such as? and the intention to include sustainability education at the undergraduate level. The 

strategy to start gaining space in the faculty was to fill knowledge gaps by offering elective courses and offering individual 

lectures in other courses offered by the school of management. These lectures and courses showed to be successful and gained 

good reputation among students and faculty members. Since then, three courses have been taught as part of a track on 

sustainability management at the pre-graduate level: Fundamentals of Ecosystem Services, Management of Public Issues, and 

Social Responsibility. These courses aim to give management students the basic knowledge and tools for sustainability, such 

as planetary boundaries, stakeholder mapping, and strategic decision-making. 

As sustainability courses showed to be popular with students at both levels of education, dean began to recognize the potential 

of providing sustainability education at the business school. In addition, during an accreditation process, sustainability was 

suggested as a strategic track to fill what had been identified as “institutional gaps.” The accreditation agency even highlighted 

it as a differentiating factor globally. Sustainability became then part of the faculty’s mission statement in 2012: “To educate 

and train leaders through the appropriation and generation of knowledge for the innovative and sustainable development of 

organizations.” Such commitment to sustainability resulted in the creation of the Sustainability Area (one of four strategic 

research areas in the faculty), and the devotion of resources to guarantee a critical mass of full-time professors, pedagogic 

excellence, and the development of sustainability research. In addition, the MBA and executive MBA programs made an 

environmental management workshop mandatory for ll students since 2010. 

As the support for sustainability research grew, Industrial Ecology started to gain space among researchers, and support from 

the dean’s office. The faculty realized its relevance for both the pre-graduate and the graduate levels, and in particular, its 

importance to address the challenges that the Latin American industry faces. Although different courses touched upon 

industrial ecology’s tools and methodologies, full Industrial Ecology courses are taught only at the master and doctoral levels 

(mandatory for MEM students). The faculty gained also reputation in the industrial sector, as important public-private 
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programs led by the faculty started to apply Industrial Ecology methodologies to improve the sector’s environmental 

performance, and increase it productivity and competitiveness. 

It can be said that Industrial Ecology has received important support from two flanks: education and external programs. In 

particular, both the MEM and the MDP have proved to be central for this, as both students and alumni from these programs 

have helped to expand the faculty’s outreach to the public and private sector, and facilitated their involvement in different 

types of projects. At the same time, it has lubricated the faculty’s relationship with governmental institutions, through the 

advancement of joint programs to address societal challenges, such as sustainability. Industrial Ecology received additional 

attention and support at the university level when the faculty took the initiative to host the International Society for Industrial 

Ecology Americas Meeting in 2016, receiving around two hundred people, and offering more than one hundred presentations 

on different topics. This event was crucial for the consolidation of Industrial Ecology at the UASM. 

4. IE at UASM: relevant figures 

 

The intention of offering sustainability courses at UASM, and Industrial Ecology in particular, is to have an impact on future 

managers, who make or will have to make important decisions that will in turn have an effect on the sustainability performance 

of the companies and on society in general. Although it is difficult to evaluate the effect that the programs and the education 

methodology has had on students and society in general, data were collected from the MEM that shows the reach of the courses, 

some demographics, and the different academic and professional backgrounds of those students taking Industrial Ecology 

courses. The latter, we believe, can give a hint on the potential impact Sustainability and Industrial Ecology education at a 

management school can have on society. 

In 2017, the faculty is getting ready to receive students for the tenth cohort. As of 2017, the MEM and MDP program have 

had a total of 289 students. 46% of them are male, and 54% female, with an average age of 35. Table 1 shows their country of 

origin. Although most students come from Colombia, the program has managed to attract, since its first years, students from 

other countries from Latin America, and even one from Europe. This is a result of the scholarships mentioned above, and the 

international links Universidad de los Andes has. 

 
Table 1. Country of origin of MEM students at UASM 

 

 
 

Demographic data are illustrative, but do not necessarily show the potential impact that we want to highlight. Table 2 shows 

that the academic backgrounds that have traditionally dominated the environmental field (e.g. engineering, biology, and 

ecology) make up, by far, the majority of cases also for the MEM. However, academic backgrounds such as business 

administration, international relations, law, accounting, and economics, have also gained space in the field. It is important to 

note that percentages might not add up to 100%. This is because some students reported two or three different pre-graduate 

titles. 

 
 

Country Students %

Bolivia 2 0,7%

Colombia 266 92,0%

Ecuador 4 1,4%

Mexico 2 0,7%

Panama 1 0,3%

Peru 9 3,1%

The Netherlands 1 0,3%

Venezuela 4 1,4%
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Table 2. Academic background of MEM students at UASM 

 
 

It is clear that engineers represent the majority of MEM students, as seen in Table 2. Table 3 shows in detail the types of 

engineering programs MEM students belong to. Not surprisingly, environmental engineers represent the majority of students, 

followed by sanitation, industrial, and chemical engineering. 

 
Table 3. The different types of engineers enrolled in MEM. 

 
 

Aside from the academic background, data was also collected about the students’ professional background, with the intention 

to document their professional experience, beyond the academic training they received. Table 4 shows the multiple 

backgrounds of MEM students, and indicates the outreach the program has in terms of sectors interested in environmental 

management. It can be highlighted that the sectors that represent the majority of students are consulting (22.8%), government 

(16.6%), and oil & gas (6.2%). The category labeled as unknown contains 26 professionals that did not give enough 

information for classification into any of the other categories. 

 

 

 

 

 

 

Academic background Students % Academic background Students %

Accounting 3 1,0% Geology 4 1,4%

Anthropology 4 1,4% Industrial design 3 1,0%

Architecture 8 2,7% International business 4 1,4%

Biology 44 15,0% International relations 5 1,7%

Business administration 11 3,8% Law 12 4,1%

Chemistry 1 0,3% Philosophy 1 0,3%

Communication studies 3 1,0% Political sciences 1 0,3%

Ecology 2 0,7% Social sciences 1 0,3%

Economics 10 3,4% Sociology 1 0,3%

Engineering 156 53,2% Textile design 1 0,3%

Environmental management 7 2,4% Tourism 2 0,7%

Environmental studies 2 0,7% Veterinary 1 0,3%

Finance 2 0,7% Zootechnics 3 1,0%

Geography 1 0,3%

Engineering subfield Students %

Agronomy 8 4,2%

Business administration 1 0,5%

Chemical 17 9,0%

Civil 16 8,5%

Computers 1 0,5%

Electrical 1 0,5%

Electronic 2 1,1%

Environmental 71 37,6%

Forestry 12 6,3%

Geodesy 1 0,5%

Geology 1 0,5%

Hydrological resources 2 1,1%

Industrial 18 9,5%

Mechanical 2 1,1%

Mines 2 1,1%

Petroleum 3 1,6%

Physics 1 0,5%

Sanitation 30 15,9%
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Table 4. Professional background of MEM students at UASM. 

 
 

The variety of cultures, and academic and professional backgrounds is an indication of the capacity of the MEM program to 

attract different interests and sectors. The data shown here also gives hints about the outreach of the program, and the different 

kind of students that are receiving Industrial Ecology education at UASM. However, this also poses challenges, something 

that will be discussed in the following section. 
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Abstract 

 

In Ourika, a region of Morocco, floods, aggravated by climate change, carry many wastes that pollute the water 

of the wadi. Women, victims of this problem, must seek adaptation measures to prevent contaminated water 

from making their children sick (through consumption or bathing). A design thinking approach and Facebook 

were chosen to accompany, for three years, 12 Moroccan women little educated in the resolution of the problem 

of water and waste. Design thinking, which promotes user needs analysis, abduction and rapid prototyping, 

facilitates the formulation of effective and innovative solutions to human or environmental problems. In Arab 

rural areas, where women are less empowered, access to ICTs can improve their social status, their leadership 

and their participation in community and economic development. As for Facebook, this social media has the 

potential to facilitate the collaborative definition of a problem, the discussion and the development of solutions 

when the resolvers are at a distance. The purpose of the research was to evaluate the potential of design thinking 

and Facebook as approaches to education for sustainable development. Using videos, photos and comments, the 

participants, initiated with tablets and the Internet, shared in a Facebook group their experience of floods and 

then tried together to improve the problem of the poor quality of the water. Design thinking and Facebook have 

allowed women to explore several dimensions of the problem: the quality of the water itself and the abundant 

presence of waste found in the wadi. At workshops and in Facebook exchanges, women were invited to 

prototype and experiment with hand-held filters for water cleaning and waste reuse techniques, including 

making compost and jewelry (with plastic bottles). In final interviews, participants were invited to draw and 

comment on their experiences and impressions of themselves before, during and after the project. A bi-monthly 

table of women's Facebook publications was also prepared by a researcher and completed by two other 

researchers. The purpose was to enter participants' actions and inactivity and to qualify and quantify their 

publications: their presence on the group, the images and videos inserted, the types of comments, the emoticons 

and the "likes". A theoretical framework based on the objectives of environmental education (awareness, 

knowledge, state of mind, skills, participation) allowed two researchers to analyze women's Facebook 

exchanges throughout the project, as well as their remarks during individual interviews closing the project. 

According to them, the participants improved their «awareness» of the impacts of floods and waste. Their 

technological, environmental and geographic «knowledge» has grown as well as their problem-solving «skills». 

Their «state of mind» evolved from a shy and unconfident attitude towards a feeling of self-efficacy and hope to 
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get out of their financial difficulties, if they worked hard. Women have achieved the goal of «participation» in 

climate change adaptation by getting involved in effective adaptation measures: operating an electronic flood 

warning system, making hand-held water filters, making prototypes of compost and recycled jewelry and start 

their own waste reuse cooperative. 

 

Keywords: adaptation to climate change, education for sustainability, Facebook, Morocco, design thinking 

1. Introduction  

Education for adaptation to climate change is a very specific area of environmental education (EE), especially 

when it comes to working with adults vulnerable to disasters. In 1977, UNESCO and the United Nations 

Environment Program (UNESCO-UNEP, 1977) identified learning objectives for environmental education. 

Whether working with students or adults, in EE, it is important to develop their awareness and knowledge (of 

the environment and problems), their attitudes (conducive to their commitment to improve their milieu), skills 

(that facilitate their engagement) and their participation, that is, their direct involvement in environmental action 

(in the field). In education for adaptation to climate change, these five types of objectives also prevail, in 

particular the one of «participation», since citizens affected by climate change must create and apply themselves 

adaptations to reduce risks ( floods, droughts ...) that threaten them directly. 

How to provide educational support to citizens as they analyze local climate related problems, propose, test and 

implement adaptations? How to educate citizens to climate change while developing their awareness and 

knowledge of the problems of their environment, their willingness and ability to act and their tangible 

involvement in adaptation actions? Cognitively, the challenges of climate change adaptation education are 

important because of the complexity of the problems caused by climate situations. In addition, the high-level 

adaptation skills that need to be developed in citizens are numerous: problem-solving, systemic and forward 

thinking, creativity, communication, knowledge of accommodation and self-efficacy (Pruneau et al., 2012). On 

the emotional side, people affected by disasters may also feel isolated and helpless, which must be taken into 

account in this type of education. At the participatory level, citizens may not also have the financial or 

technological means to take action. 

It is in the perspective of education to adaption to climate change that women from a rural region of Morocco, 

victims of floods, were accompanied for three years during the four stages of the adaptation process (Risbey et 

al., 1999): detection (realizing the need to adapt and choose the elements to adapt to and to ignore); evaluation 

(determine the consequences of the problematic situation); decision (choose accommodations) and monitoring 

(observe the effects of selected adaptation measures). The accompaniment of women had pedagogical 

intentions: to progressively develop their awareness and knowledge of floods and subproblems, their skills 

(problem solving, communication, etc.), certain attitudes (self-efficacy) and their tangible participation in 

adaptation actions. To achieve these educational goals, two intervention tools were chosen: design thinking (a 

creative problem-solving approach created in 2006 by IDEO, an innovation firm) and social media Facebook. 

The purpose of the research was to evaluate the potential of design thinking and Facebook as approaches to 

environmental education and co-creation of adaptations to climate change. 

This paper reports on the educational experience of the Ourika women and analyzes its results in light of the 

objectives of EE: awareness, knowledge, attitudes, skills and participation. Theoretical frameworks on design 
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thinking and the use of Facebook in community problem solving are first presented. The methodological tools 

of the research are then explained. Based on the analysis of the project's final interviews and participants' 

Facebook postings, the transformation process experienced by these women is then described in terms of action, 

non-action and other goals of EE. Action here refers to conscious and planned participation in the life of one's 

community (Chawla, 2008). The results describes how the women evolved in their knowledge (of floods, 

adaptations, digital tools), in their skills, in empowerment and in their community involvement. Through the 

educational process, these poorly educated women went from a poorly confident and unaware attitude of the 

causes and impacts of floods to come to the foundation of a cooperative that reuses local waste carried by 

floods. Reflections are finally proposed on the potentialities of design thinking and Facebook in education for 

adaption to climate change. 

1.1     Design Thinking 

To build approaches to support groups who address environmental issues, two types of problem solving process 

are available: scientific inquiry, with which we discover the laws that govern the reality of the current world 

and, recently, design thinking, with which a different future is invented (Liedtka, 2000). Scientific inquiry uses 

inductive and deductive thoughts to solve closed problems, such as searching for the position of a star at a given 

time. In the scientific approach, the solvers place themselves at a distance from the object of study (Dos Santos, 

2010). On the other hand, to solve complex problems, such as finding adaptations to climate change, the 

addition of another type of thinking is desirable: abductive thinking or considering things that might work. 

Design thinking, during which the solvers immerse themselves in the environment of the object of study, calls 

on inductive, deductive and abductive thinking and would be productive in situations of uncertainty. In 2006, 

IDEO, a design and innovation firm, set up a creative problem-solving approach called design thinking. Since 

then, this approach of innovation, adopted by many companies, has allowed the creation of original products: 

ICTs (including the Apple computer mouse); science and engineering articles, etc. IDEO has also inspired the 

development of many similar approaches: Lab of innovation, strategic design, transformative design, human-

centered design ... Design thinking is a creative and collaborative way of working during which intuition 

matters, solutions are numerous, experimentation happens quickly, failures are perceived as learning and, above 

all, the needs of users are taken into account (Brown, 2009; Lockwood, 2010). Design thinking applies the 

designer's sensitivity and methods to solving complex problems. In fact, designers are used to dealing with 

complex problems by generating various solutions that they test to gradually improve them. In a rigorous 

process and with specific tools, design thinking uses both creative and analytical modes of reasoning (Lietdka, 

2015). It takes place in the following stages: 1. Observation-inspiration: an ethnographic survey is conducted to 

understand the people affected by the problem and the situation. People are followed in their daily lives to 

understand their aspirations and unmet needs (bread points). 2. Synthesis: the problem is defined repeatedly and 

in various ways. The solvers look for information and various perspectives on the problem. The information is 

synthesized to pose the problem in a few statements, using visual representations. 3. Ideation: many ideas are 

formulated and a number are chosen. 4. Prototyping: prototypes are quickly constructed, illustrating the 

proposed ideas in order to share these ideas with others and to assess their potential. 5. Tests: the prototypes are 

evaluated by looking for the opinions of experts, novices, users. Winning prototypes are refined (Scheer et al., 

2012). 6. Communication: the product is publicized (Brown, 2009). Seidel and Fixson (2013) summarize the 

process of design thinking as follows: thorough research of user needs; brainstorming to produce multiple ideas; 
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and prototyping to test and choose the best ideas. However, the process is not linear as the designers' attention 

flows between the problem-space and the solution-space, while the empathy for the needs of the consumer 

expands and the winning solution is refined. Divergent then convergent, the process is centered on human needs. 

Prototypes, made quickly and without seeking perfection, act as "playgrounds" to discuss and learn about certain 

solutions (Liedtka, 2014). Thus, the problem and the solutions co-evolve (Dorst and Cross, 2001). 

Design thinking, originally used to create commercial products, is now used to help the human and the 

environment. In such movements as Design for Life (Buchanan, 2001) and Human-Centered Design, and 

organizations such as IDEO.org and MindLab, practices that support quality of life are built. The positive 

transformation of the environment and humanitarian action are newly at the heart of design. Thus, by creating 

technically and financially feasible innovations that meet human needs, design thinking projects often result in 

solutions to a better future (von Thienen and Meinel, 2014). 

In this research project, the design thinking process was chosen as a support tool for Moroccan women because 

of the high-level skills it can develop in participants: information seeking, empathy, creativity , communication, 

collaboration ... (Kho et al., 2015, Raut et al., 2010); and because of its construction of meaningful learning 

(Scheer et al., 2012). 

1.2      Social Media and Facebook 

In today's world, information and communication technologies (ICTs) are constantly evolving, playing an 

important role in access to information and its transmission. In developing countries, these technologies offer 

enormous opportunities and challenges, not only to accelerate their development, but also to fill the gaps and 

economic inequities between them and developed countries (Mason, 2006). Because of their ability to store, 

share and disseminate information and knowledge, ICTs have been identified as effective tools for achieving the 

Millennium Development Goals (MDGs) (Kiondo, 2007). In Africa, awareness of the importance of ICT has 

increased and the goal is to facilitate access for both women and men. For women and girls, access to ICTs 

could improve their social, economic and family situations (Palitza, 2007). In addition, the use of ICTs could 

improve the leadership and participation of rural women in community and economic development activities 

(United Nations, 2005). In terms of community development, ICTs offer many opportunities such as dynamic 

dialogues, collaborative actions and initiatives, debates and the creation of communities of practice (Beche, 

2012). 

Many studies have positioned social media as channels for harnessing communities' knowledge, capital and 

collective strength (Cheng et al., 2011, Beche 2012). Social media, visited daily by individuals, could offer new 

ways to organize and facilitate real-time collaboration and self-organization across multiple themes and to 

achieve a variety of goals (Nakki et al., 2010). These networks would also have the potential to redefine 

traditional methods of citizen participation, including collaborations on community issues. In times of crisis, 

social media could also enable previously powerless communities and actors to respond to challenges by 

collectively participating in solutions (Gaventa, 2006). By posting photos or publications of the crisis incident, 

"loving" or not, by following a participant, communities may be involved in responses to crises that were once 

exclusive to the authorities. 

Traditionally used as a distraction and communication tool, in September 2017, Facebook was the most popular 

social media (Newsroom.FB, 2017). Beneficial for interaction, collaboration, information and sharing of 
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resources (Wang et al., 2012), Facebook would also have educational potential (Luckin et al., 2009) The 

Facebook group is particularly popular and useful for discussions around common interests (Park et al., 2009). 

In Facebook groups, users form real communities of practice in which they seek to solve a common problem. In 

these virtual communities built on socio-cultural bases, each member contributes to the promotion of 

community well-being (Beche, 2012). A Facebook group would therefore have the potential to facilitate 

collective action, but real actions in the field are crucial factors that strengthen the group's self-efficacy. Actions 

show the tangible results of the digital discussions (Narozny et al., 2016). However, the use of Facebook, for 

public participation in community projects, is just beginning to be explored in research. 

In this study involving Moroccan women living in geographically spaced villages, Facebook, and in particular 

the Facebook group, were chosen because of the education and community involvement benefits mentioned 

above and because of the limited funds available in the project, allowing only a small number of face-to-face 

meetings. The design thinking process was enriched by the Facebook group's exchanges when the participants 

were each in their village. From home, they could continue to define the flood problem, and propose, prototype 

and evaluate solutions. 

2. Methods 

2.1 The Design Thinking-Facebook Experiment  

As part of the major project Integrated Management of Water Resources and Payment of Environmental 

Services (GIREPSE), an exploratory case study was conducted in Morocco with 12 women from the remote and 

poor region of Ourika. The women, chosen for their minimal reading and writing skills, came from six isolated 

douars (Aghbalou, Timalizen, Amlougi, Oualmes, Tazitount and Setti Fatma), located more or less 35 km from 

Marrakech. In this region, people speak Berber and a little Arab. The economy is mainly based on agriculture 

and livestock farming. Industrial and mining activities, tourism and crafts are also important. Since 2011, the 

floods of the wadi Ourika have increased in frequency and importance, in connection with climate change. 

These floods have devastating effects on the landscape, agriculture, human capital, infrastructure and food 

security. Women, guardians of their families while their husbands work in Marrakech, are facing floods and 

must protect their families and their property. 

The interventions with the women took place over three years, from March 2015 to February 2018. During the 

project, three minor floods of the Ourika occurred. Over the three years, three women left the project (for 

personal problems or changes) and two new women were recruited. The design thinking process dictated the 

activities of the 10 workshops organized with women and a private Facebook group (GIREPSE Women) was 

used regularly as a networking tool when women were at a distance. Table 1 summarizes the activities that 

occurred during the project. 
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Table 1. Activities in person and online  

Dates Steps of design thinking Workshops (W) Activities in Facebook 

March 2015 Observation-inspiration Interviews with women 

to describe their flood 

experience 

 

April 2015 Synthesis Gather the women’s 

experience in a Journey 

Map 

 

August 2015 Observation-inspiration, 

synthesis 

W1, W2: Watch the 

Journey Map and take 

out the pain-points; 

choose the sub-problem 

of water contamination; 

learn electronic tablets 

and Facebook 

 

September 2015 Observation-inspiration  Share images of floods; 

questions and answers 

about the water problem 

November 2015 Observation-inspiration, 

synthesis, ideation, 

prototyping, testing 

W3: Summarize the 

water problem; test the 

water; invent and test 

filters 

Share and comment on 

homemade filters 

March 2016 Synthesis, ideation, 

prototyping, testing 

W4: Redefine the water 

problem, propose new 

solutions 

Test solutions and share 

results; analyze local 

waste 

September 2016 Prototyping, testing W5, W6: Learn how to 

compost 

Share and comment on 

composting tests 

October 2016 Ideation  Share and choose ideas 

for the recovery of plastic 

bottles 

April 2017 Prototyping, testing W7: Make jewelry with 

bottles 

Share and comment on 

homemade jewelry 

August 2017 Testing W8: Start the 

cooperative; test the 

jewels with the 

population 

Schedule participation in 

an exhibition to test and 

sell jewelery 

October 2017 Testing W9: Sell jewelry and 

photograph the most 

popular; learn to operate 

the rapid composter 

Research interviews 

Share the test results; 

remake jewelry 

November 2017 Communication W10: Learn about 

cooperatives 

Organize and photograph 

their jewelry sale 
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As part of the first stage of design thinking (observation-inspiration), individual interviews were first conducted 

with women to invite them to describe the major problem of floods and their needs in the face of this disaster. A 

Journey Map, that is to say a visual representation summarizing their experience before, during and after a 

flood, prepared by two researchers, allowed the construction of the first synthesis of the problem of flooding. 

The women said that before the floods, they stored forest wood and essential food in case of road closures. They 

put plastic on the roof of their house to prevent water from seeping in. Some were digging canals in front of the 

house to change the flow of the current and prevent water from invading the house. During the floods, they 

stored the goods in a room that was not subject to immersion and some took refuge with the neighbours with 

their children. After the floods, they unblocked the rocky roads and encountered problems of drinking water 

supply. At that time, the water of the wadi, laden with sediment became an alternative of drinking water and was 

placed in containers for deposit debris towards the bottom. After decantation, the water of the wadi was then 

consumed or used for various purposes. 

In August 2015, during the first two workshops of two days each, with the women gathered, the stages of the 

design thinking process, observation-inspiration and synthesis, were again applied, animated in Arabic by 

researchers of the team. The women were invited to comment together on the previously prepared Journey Map 

reporting their experiences of the flood. They were also trained in the use of tablet computers, the Internet and 

Facebook. A 3G connection allowed participants to access the Internet on a regular basis, even during floods. 

They then chose to work on a narrower and therefore easier problem: the quality of their drinking water after the 

floods. The Facebook exchanges then began, in September 2015, the women communicating with each other 

and with us, about the floods and the sub-problem of the quality of water. Initially, women were invited to post 

photos, videos and comments on local floods on Facebook. Subsequently, weekly specific questions were asked 

of women on Facebook inviting them to define the sub-problem of water quality after the floods: Where? 

When? Why? What are the impacts? What are the solutions? etc. Women had to observe the problem at home 

and answer questions with Facebook tools: comments, videos, photos, emoticons, etc. Workshop 3, held in 

November 2015, brought women back together for one day for the realization of the synthesis (2), ideation (3), 

prototyping (4) and testing (5) stages of design thinking on the sub -problem of water quality. During this 

workshop, a summary of the elements of the problem of drinking water and solutions proposed on Facebook 

was first realized. The water from the wadi collected in the villages was then tested with the women, to check 

the quality: ph, coliforms, bacteria, etc. The women were then invited to invent prototypes of filters using 

domestic materials: cloth, coal, plastic bottles, sand, rocks, etc. They had to check the capabilities of these filters 

to clean the water. After the workshop 3, the Facebook exchanges resumed, from November 2015 to January 

2016, planned according to the stages prototyping (4), tests (5) and communication (6) of design thinking. The 

women tried to build their own filters at home and they shared their essays on Facebook, receiving criticism 

from their peers. On Facebook, a general assessment concluded the process of prototyping filters. 

Subsequently, as prescribed in design thinking (an iterative process), a return to the definition of the problem 

(observation-inspiration) was carried out during a workshop in March 2016. The question asked was: How 

could we prevent the water of the wadi from being contaminated? A new ideation phase followed and the 

participants proposed the following solutions: search for better water sources, treat well water with adequate 

amounts of chlorine, sensitize neighbours to avoid dumping their waste in the river, build solid pipelines, place 

wells away from flood areas, better clean water, and reuse waste to reduce its amount, including composting 
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leftover food. The solution "to sensitize the neighbors not to throw their waste in the river" was then 

experimented at home, by the women, without much success. On Facebook, an analysis of domestic waste 

followed, with women invited to publish photos of their household waste on the group. Among the waste 

exposed online, the group found the significant presence of food and plastic bottles. The project team then 

decided to provide the women with composters and teach them how to make compost (in September 2016). As 

the compost matured, the women asked questions on Facebook for advice and to know if the compost was 

ready. At the same time, photos of plastic bottle reuse ideas were placed on the Facebook group, first by our 

team and then by two women more skilled with the Internet. Various themes of possible recovery have been 

explored: reuse of bottles for the garden, decoration, art, jewelry or as utilitarian containers. Women reacted to 

the possibility of applying these solutions at home and for the next workshop (April 2017), they chose to create, 

prototypes of jewelry, candy boxes and under-plates made with plastic bottles. The jewels have been their 

favorite prototypes. As a result of the workshop, they responded positively to our invitation to start a women's 

cooperative specializing in waste recovery, the products of which would be jewelry and compost. During a 

workshop (August 2017), they tested their prototype jewelry by consulting the people of a community of Ourika 

to collect their opinions and suggestions about their first creations. In October 2017, a first exhibition and sale 

of jewelry of the cooperative was organized in Rabat and five women were able to participate. The Facebook 

group was used to plan the event by providing tips on visitor reception and jewelry arrangement. During the 

exhibition, the prototypes of jewelry were again commented by the customers and the women published on 

Facebook the prototypes of the best-selling jewels. During this month, the Regional Directorate of the 

Environment of the Marrakech-Safi region provided and installed in two of the women's houses a fast 

composter to help the cooperative to accelerate its production. In November 2017, the women took charge of 

their cooperative and registered by themselves at a local fair in Marrakech. On Facebook, they posted photos of 

their jewelry assortment at the fair. 

Previous lines briefly summarize GIREPSE's three-year-old women's design thinking-Facebook experience. It is 

important here to specify how the four researchers animated the Facebook group. In the first year, the 

publications of the facilitators, in Arabic, were about two per week whereas in the other two years, the 

publications of the facilitators reached an average of one per day (in French translated later into Arabic). 

Various ways to motivate women have been used on Facebook: to promote images and not texts, to use short 

texts, to participate ourselves in the prototyping of jewelry, to project success images of the cooperative, to 

inform them about Moroccan cooperatives, to talk about the risks of waste in the environment, to republish 

women's handicrafts as cover images, to write individually to women to encourage them, to recall the project's 

environmental objectives, etc. 

2.2 Data Collection and Analysis 

During the design thinking process facilitated by Facebook, individual interviews with women (in the middle 

and at the end of the project) and their Facebook postings were exploited. The purpose of the research was to 

evaluate the potential of design thinking and Facebook as approaches to environmental education and for co-

creation of adaptations to climate change. The first individual interviews were conducted after the first year 

(after the construction of the water filters) while the second interviews took place in the last year of the project. 

The analysis of the first individual interviews is not the subject of this article because these results were 
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published in Pruneau et al. (2016). This article discusses the final interviews in which the interviewees were 

invited to draw and comment on their experiences and impressions of themselves before, during and after 

GIREPSE Women. Here open questions were first asked to women: Draw yourself as you saw yourself before 

the GIREPSE project! ... Draw yourself as you see yourself now that you are involved in the GIREPSE project 

(tablets, Internet, cooperative, Facebook group ...). If you think you've changed, take the time to draw the 

changes you made! ... Draw yourself as you foresee yourself in the future, after the GIREPSE project. Draw the 

changes you think you will be making (for yourself, for your community, for the GIREPSE women's group, the 

cooperative)! Explicit interviews with open-ended questions followed the drawings, inviting women to explain 

their representations. Similar interviews were also conducted with three stakeholders from the major GIREPSE 

project. The interview data were analyzed using conceptualizing categories by two researchers who worked 

individually and then in confrontation. The objectives of the EE, as defined by UNESCO-UNEP (1977), served 

as broad categories and various themes emerged from the broad categories. For the Facebook group, a bi-

monthly table of women's publications was first prepared. In the table, it was a question of entering, for each 

period of two months, the actions and the non-actions (inactivities, absence of reactions) in person and on line of 

the participants and to qualify and to quantify their types of publication: their presence on the group, the images 

and videos inserted, the types of comments, the emoticons and the "likes". A 10-page compiled table thus 

reduced the data to make sense of it and then compiled a shortened summary of women's participation. The 

chart was done by a researcher and then readjusted or completed by two other researchers. 

3. Results and Discussion 

3.1 Women’s Participation and Non-Participation in their Community and on the Facebook group 

Since participation is considered an important learning outcome in EE, this is how we analyzed the presence or 

absence of it during GIREPSE Women project. Despite the personal occupations of each, a core of 8 women 

remained active throughout the three years of the project. About 75% of them actively participated in the 

workshops, providing elements of the problems, proposing solutions and experimenting and testing prototypes. 

In their environment, they carried out actions: filming the floods, their causes and their impacts; sensitize their 

neighbours to the harmful presence of waste; create and use an alert system to warn communities of a flood; test 

their soil; study the composition of their household waste; make compost; make jewelry and utility objects with 

plastic bottles; start a cooperative; apply compost; sell jewelry; experiment with a high-speed composter; 

register for and participate in a craft fair; propose other avenues and products for the cooperative. Through these 

actions, periods of passivity have been observed. Women were less involved in times when they had less 

confidence in their abilities, in times when they met personal limits (having a child, being sick ...), with the late 

arrival of jewelry materials or when too much time passed between the on-site workshops. At all these times, it 

was necessary to make use of the means of motivation mentioned above. 

Online, the majority of women watched the animators' publications until the formation of the cooperative. 

Subsequently, members of the cooperative were more present online than participants who had not joined the 

cooperative. Given the language limitations of women writing, their comments on Facebook remained very 

short and in small numbers: a brief opinion, many "thanks", short answers and several "likes" and other 

emoticons. The direct publications in Arabic of the facilitators elicited more comments than the French 

publications translated into Arabic in a short time. Women have often used images to express themselves on 
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Facebook and sometimes videos filmed with their tablet. Facebook's "personal conversation" feature has been 

used extensively as well as the Whatsapp digital tool for exchanging news and information. 

3.2 Women’s Impressions of their Experience 

Women spontaneously described some aspects of their experience before, and during, the GIREPSE Women 

Project. They also talked about how they saw themselves as a result of the project. In Table 2, we categorize 

their remarks according to the objectives of the EE: awareness, knowledge, state of mind (attitudes), skills and 

participation. 

Table 2. Women’s impressions of their experience 

Objectives of environmental education Synthesis of women's comments 

Awareness Awareness of the causes and impacts of floods and 

waste in their environment 

Knowledge Learning about their region, technologies, climate 

change, adaptation and crafts 

Attitudes Gains in self-confidence, autonomy, desire to learn; 

pride 

Skills Communication, research and problem solving with 

ICT; manual skills 

Participation Carrying out many adaptation actions 

 

Awareness: Before the project, women said they were aware of the nuisance of floods, which they associated 

with natural causes and not with climate change. They knew that there was a lot of waste in their village and that 

their environment was not quite healthy, nor their quality of life. During the project, they say they have become 

aware of various dimensions of floods, waste and the impacts of these two problems on health. They know that 

it is important to reduce this waste. 

Knowledge: Before the project, they admitted that they could barely read and write in Arabic and that they 

knew little about technology, the Internet and tablets (except for two of them who could express themselves few 

in this language and who had previously used cell phones or a computer). They had not heard about climate 

change, waste reuse and flood adaptations. Their knowledge of the other villages of Ourika and Moroccan cities 

was very limited because they had never or almost never been there. They had few friends or acquaintances 

outside their village (except for one of them who was studying in Marrakech). During the project, they say they 

have known other regions, people and cultures and made new friends in Ourika and even in other countries 

(thanks to the Internet). They learned to reuse waste, and to make filter water, compost and jewelry. They better 
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understand the variability of floods from year to year as well as their impacts. They have some means to get out 

of their misery. 

State of mind: Before the project, they perceived themselves as shy, unconfident and inactive in their daily 

lives. They used their time to take care of their families and to listen to television. They felt caught in a "blur", 

not knowing how to get out of their misery. During the project, they say they have gained greater self-

confidence and pride because of their participation in the project and the founding of the cooperative and 

because they help the environment. They say they like to learn. In the future, they believe that the cooperative 

will succeed if they work hard. They are keen to go to school, find a job, learn to read and write better, learn 

about ICTs, get married, improve co-ops and diversify their products. They feel solidarity with their community, 

want to take care of the environment and pass on this habit to their children. 

Skills: Before the project, they did not know how to use ICTs. During this, they say they learned to use an 

electronic tablet, to search the Internet (for images, recipes, drugs, jewelry ideas, solutions to environmental 

problems ...), to use new ICTs (YouTube, Whatsapp ...), to solve problems and to make crafts. They say they 

have also learned to communicate in Arabic and a little in French. 

Participation: Before the project, they said that they applied limited adaptations to floods: to fly, to unblock the 

roads, to protect their property from water ... During the project, as mentioned above, they have carried out 

many actions in their region and in a wider geographical area than before. Many of their actions are adaptive: 

creating their own water filters; using an alert system; reducing waste through composting, jewelry and 

neighbourhood awareness; start a recovery cooperative, etc. Online, they have watched and sometimes 

commented on the publications of the facilitators and their colleagues, they have joined other Facebook groups 

(according to their interests); they have created their own Facebook groups (among others to publicize their 

products), etc. The women also admitted that their presence and participation in the Facebook group, although 

constant, had been diminished by their language limitations. Facilitators interviewed also explained that 

women's lack of confidence and their lifestyle habits had limited the pace and consistency of their community 

actions and their involvement in the development of the cooperative. 

In light of these findings, it is certain that learning in environmental education and adaptation to climate change 

has been achieved. It can be argued that participating women went through at least the first four stages of the 

change process described by Rochlkepartain (2001): 1) receptivity (cultivating openness to change); 2) 

consciousness (emphasize the possibility of change); 3) mobilization (organizing for change); 4) action 

(implement the change). As for the fifth stage of Rochlkepartain's process, namely continuity (making sure that 

change becomes a way of life), it will be necessary to observe whether the sense of self-efficacy and 

determination of women as well as the prevailing political, economic and cultural conditions favour the 

continuation of the cooperative and the reduction of vulnerability to floods in the Ourika. Women's 

environmental and technological learning, the increase of their self-esteem and social capital, their many 

participatory experiences and their current online presence risk changing their living conditions and their 

adaptation to floods.  

4. Conclusions 
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In this project, design thinking seems to have helped to broaden the description of the flood and waste problems, 

according to the needs of the participants. During the iterative stages of design thinking, several solutions have 

been proposed, tested and implemented in the field and various learning has been observed in women. Women 

became aware of the causes of the floods and their impact on the health of their families. They can use 

technologies for a variety of purposes: learning, finding ideas and solutions, meeting new people, 

communicating. They know flood adaptation actions and they apply some of them. They have developed better 

autonomy and increased self-confidence. They go out of their homes and their social networks have expanded. 

They are currently learning how to organize the work of their cooperative and to earn income. 

About Facebook, our research reinforces the results of Palitza (2007), who found that ICTs could improve 

African women’s social, economic and family situations, and the results of United Nations (2005) saying that 

ICTs could increase the participation of rural women in community and economic development activities. 

Indeed, in this research, Facebook has proven itself as a powerful and flexible tool for learning, problem 

definition, ideation, building self-efficacy, planning, prototyping and decision-making. Facebook has also 

expanded geographic and time boundaries. Women have been in contact with ideas from around the world and 

thanks to continued work on Facebook, they have had more time than workshops to analyze problems and find 

solutions. Facebook has provided updates, links, images (sometimes in real time), and empathy with disasters 

and those affected by them. So Facebook seems to have some potential to personalize disasters and risks and, as 

demonstrated by Wang et al. (2012), to encourage participation and interactive communication on community 

problems. 

This research shows design thinking as a promising accompaniment process in climate change education. As 

used in this study, design thinking has allowed users to become involved in all stages of solving a local problem, 

and this in a profitable way since the solutions proposed by the participants were tangible, achievable and 

potentially effective. Design thinking has also transformed some participants’ attitudes and habits in many 

ways. Research is therefore to be continued on the use of design thinking in community adaptation to climate 

change. In climate science, new adaptation solutions inspired by the needs, understandings and ideas of users 

could emerge from the use of design thinking with social groups. The use of design thinking with rural women 

in emerging countries also seems fertile for women's empowerment. As for Facebook, despite its limits to 

represent the whole of an environmental problem (given that its pages appear as a long line of events and 

conversations over time), the research shows its potential for various uses: to motivate and engage the users; to 

share points of view and information about a problem; to quickly show the manifestations of a disaster in 

various places; to share and critique solutions; to go back to a problem after reflection; and to choose and plan 

actions. Research must be pursued to clarify the strengths, limitations, and optimal and sustainable uses of 

Facebook in community adaptation to climate change.  

References 

Beche, E., 2012. Enjeux et perspectives techniques, économiques et sociales pour le développement des régions 

septentrionales du Cameroun. Colloque International de Maroua 2012. Université de Maroua et Association 

pour le développement du Cameroun septentrional, Maroua, Cameroun. 

 

Buchanan, R., 2001. Human dignity and human rights: Thoughts on the principles of human-centered design. 

Design Issues, Vol. 17, nº 3, 35-39. 

 

Dorst, K., Cross, N., 2001. Creativity in the design process. Design Studies, Vol. 22, nº 5, 425-443. 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

201



 

 

Brown, T., 2009. Change by design: How design thinking transforms organizations and inspires innovation, 

New York, Harper Collins.  

 

Chawla, L., 2008. Participation and the ecology of environmental awareness and action, in Reid, A. (Ed.), 

Participation and learning: Perspectives on education and the environment, health and sustainability. Springer, 

New York, pp. 98-110. 

 

Cheng, J., Sun, A., Hu, D., Zeng, D., 2011. An information diffusion-based recommendation framework for 

micro-blogging. Journal of the Association for Information Systems, Vol. 12, nº 7, 463-486. 

 

Dos Santos, M., 2010. Sustainable development requires an integrated design discipline to address unique 

problems. Triple C: Cognition, Communication, Cooperation, Vol. 8, nº 1, 28-35. 

 

Gao, H., Geoffrey, B., Rebecca, G., 2011. Harnessing the crowdsourcing power of social media for disaster. 

IEEE Intelligent Systems, Vol. 26, nº 3, 10-14. 

 

Gaventa, J., 2006. Finding the spaces for change: A power analysis. IDS Bulletin, Vol. 37, nº 6, 23-33. 

 

Kiondo, E., 2007. Millennium development goals: challenges and opportunities for using ICTs to promote 

gender equality in Africa. Agenda: Empowering Women for Gender Equity, Vol. 74, 16-25. 

 

Lietdka, J., 2015. Perspective: Linking design thinking with innovation outcome through cognitive bias 

reduction. Journal of Product Innovation management, Vol 32, nº 6, 925-938.  

 

Liedtka, J., 2000. In defense of strategy as design. California Management Review, Vol. 42, nº 3, 8-30. 

 

Lockwood, T., 2010. Design thinking. Alworth Communications, New York. 

 

Newsroom. FB, 2017. Statistics. https://newsroom.fb.com/company-info/ 
 
Koh, J., Chai, C., Wong, B., Hong, H., 2015. Design thinking and education. Springer, Singapore. 

 

Luckin, R., Clark, W., Graber, R., Logan, K., Mee, A., Oliver, M., 2009. Do Web 2.0 tools really open the door 

to learning? Practices, perceptions and profiles of 11–16 year-old students learning. Media and Technology, 

Vol. 34, nº 2, 87-104. 

 

Mason, R., 2006. Learning technologies for adult continuing education. Studies in Continuing Education, Vol. 

28, nº 2, 121-133. 

 

Näkki, P., Bäck, A., Ropponen, T., Kronqvist, J., Hintikka, K., Harju, A,. Pöyhtäri, R., Kola, P., 2010. Social 

media for citizen participation. Report on the Somus project, Finland, VTT Publications. 

 

Narozny-Barborska, M., Stirling, E., Stevenson, F., 2016. Exploring the relationship between a ‘facebook 

group’ and face-to-face interactions in ‘Weak-Tie’ residential communities, in: Gruzd, A., Jacobson, J., Mai, P., 

Ruppert, E., Murthy, D. (Eds.), SMSociety '16: Proceedings of the 7th 2016 International Conference on Social 

Media & Society, ACM, New York, pp. 232-245. 

 

Palitza, K., 2007. ICTs -- closing or expanding the gender digital divide? Agenda: Empowering Women for 

Gender Equity, Vol. 74, 36-41. 

 

Park, N., Kee, K.,Valenzuela, S., 2009. Being immersed in social networking environment: Facebook groups, 

uses and gratifications, and social outcomes. CyberPsychology & Behavior, Vol. 12, nº 6, 729-733. 

 

Pruneau, D., El Jai, B., Khattabi, A., Benbrahim, S., Langis, J., 2016. Using design thinking and Facebook to 

accompany women in solving water problems in Morocco. Journalism and Mass Communication, Vol. 6, nº 8. 

 

Pruneau, D., Kerry, J., Laroche, A_M., Freiman, V., Evichnevetski, E. 2012. The competencies demonstrated by 

farmers while adapting to climate change. International Research in Geographical and Environmental 

Education, Vol. 21, nº 3, 247-259. 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

202



 

 

Rauth, I., Köppen, E., Jobst, B., Meinel, C., 2010. Design thinking: an educational model towards creative 

confidence, in DS 66-2: Proceedings of the 1st International Conference on Design Creativity. Kobe, Japan. 

 

Risbey, J., Kandlikar, M., Dowlatabadi, H., Graetz, D. 1999. Scale, context and decision making in agricultural 

adaptation to climate variability and change, Mitigation and Adaptation Strategies for Global Change, Vol. 4, 

137-165. 

 

Rochlkepartain, E., 2001. An asset approach to positive community change, Report ED462461. Search Institute, 

Minneapolis. 

 

Scheer, A., Noweski, C., Meinel, C., 2012. Transforming constructivist learning into action: Design thinking in 

education. Design and Technology Education: An International Journal, Vol. 17, nº 3. 

 

Seidel, V., Fixson, S. 2013. Adopting «design thinking» in novice multidisciplinary teams: The application and 

limits of design methods and reflexive practices. Journal of Product Innovation management, Vol. 30, nº S1, 19-

33. 

 

UNESCO-UNEP, 1977. Déclaration de Tbilissi et rapport final, Conférence intergouvernementale sur 

l’éducation relative à l’environnement. Tbilissi, 14-26 octobre, UNESCO, Paris. 

 

United Nations, 2005. Gender equality and empowerment of women through ICT. Division for the 

Advancement of Women Department of Economic and Social Affairs. Issue of women2000 and beyond. 

Recovered at: http://www.un.org/womenwatch/daw/public/w2000-09.05-ict-e.pdf 
 

von Thienen, J., Meinel, C. 2014. Building on a Stages of Change Model to bring home more big design 

thinking ideas, Electronic Colloquium on design thinking research. Recovered at: 

http://www.ecdtr.hpi-web.de/report/2015/001/ 

 

Wang, Q., Woo, H., Quek, C., Yang, Y., Liu M. 2012. Using the Facebook Group as a Learning Management 

System: An exploratory study. British Journal of Educational Technology, Vol. 43, nº 3, 428-438. 

 
 

 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

203



Enabling conditions for efficient biodiversity offset schemes in South American 

Lessons from Brazil, Chile, Colombia and Peru 

 

Felandro, Isabel1 

1isa.felandro@gmail.com 

 

 

Abstract 

 

Biodiversity offsets are mechanisms that are gaining attention throughout the world and in recent years many countries in 

South America have established regulatory frameworks to allow offset measures to take place. South America is a region of 

high biodiversity, with an economic growth mainly driven by primary extractive industries and where countries face similar 

environmental, institutional and social challenges. In this scenario, governments need to create necessary conditions where 

an offset scheme has a reasonable probability of functioning (Gelcich et al. 2016).  The review (1) identifies eight conditions 

that governments need to develop in order to enable and support offset implementation in Brazil, Chile, Colombia and Peru; 

(2) assess the extent to which these enabling conditions are in place, and (3) identify whether important gaps in the 

biodiversity offset schemes exist in the selected countries. Findings show that all surveyed countries have developed offset 

frameworks and even further guidance and regulations; however, none of the countries have all the enabling conditions in 

place and several gaps need to be overcome if offsets are to deliver effective outcomes. Main gaps are related to (1) weak 

technical and institutional capacity, especially at sub-national levels; (2) poor application of the mitigation hierarchy; (3) 

lack of accurate biodiversity and ecosystem services data; and (4) lack of appropriate legal and financial mechanism to 

secure permanence of offset actions. The report also stresses the need to develop further guidance, methodologies and metric 

for specific ecosystems (i.e. marine biome and Amazon rainforest); enhance vertical and horizontal coordination and 

collaboration among different government entities; strengthen monitoring and enforcement requirements; and ensure 

appropriate stakeholder engagement. Furthermore, countries need to set clear long-term conservation goals that would 

provide better understanding when deciding how much impacts matters, and thus finding the best way to trade losses and 

gains of biodiversity. 
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1. Introduction  

 

Biodiversity offset is a mechanism designed to compensate for residual environmental impacts of project development, after 

the mitigation hierarchy has been appropriately applied i.e. avoidance, minimisation and restoration measures have been 

undertaken (BBOP, 2012; ten Kate and others 2004). This mechanism is gaining attention throughout the world, and several 

South American countries have established regulatory frameworks that require biodiversity offsets to be implemented if a 

project has significant residual impacts (Villarroya et al. 2014; Reid et al. 2015).  

 

South America is a region of high biodiversity and where economic growth - mainly driven by primary extractive industries 

– has caused various pressures on the biodiversity (OECD, 2015; OECD, 2016; OECD 2017). Engaging in offset activities 

raises a number of challenges, its application still controversial (Bull et al. 2013, Quetier et al. 2014), and there is sufficient 

agreement among scholars and policymakers that without certain conditions in place, it is unlikely that offsets will achieve 

no-net-loss (NNL) or even net gain (NG) of biodiversity (Jenner and Howard, 2015, Gelcich et al. 2106; IEEP, 2016). The 
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main concern is that offset can in fact become a “license to trash”, allowing development in areas where impacts should have 

been avoided or more effectively minimized (Villarroya et al. 2014; Mckenney and Kiesecker, 2010). In this regard, the lack 

of clear conservation goals, poor application of the mitigation hierarchy in the EIA process, the lack of capacity building, the 

lack of robust data baselines or inadequate monitoring and enforcements, among others, represent significant barriers that 

must be overcome if offsets are to deliver outcomes and contribute to conservation (Brownlie et al. 2017).  

 

This study identifies eight conditions that governments need to develop to enable and support offset implementation, and 

analyses to what extent four countries in South America  - including Brazil, Chile, Colombia and Peru - have developed or 

are in track of developing these conditions. This assessment is timely as offsets are increasingly being integrated into 

governmental regulations and policies in the selected countries. In South America, Brazil took the lead and was the first 

country that adopted requirements for offset implementation, followed by Colombia. The Peruvian and Chilean schemes are 

more recent, and in 2014 both countries approved guidance that set explicit requirements for offset implementation. 

 

2. Methods 

 

A desk-based review combined with semi-structured interviews with experts from each selected country was conducted to 

(1) identify necessary conditions that governments need to develop to enable and support offset implementation (Table 1), 

(2) assess the extent to which the conditions are in place, and (3) identify whether important gaps in the biodiversity offset 

schemes exist. 

 

The desk-based review focused on international approaches to biodiversity offsets, official websites of the environmental 

agencies of each focal country, national environmental impact assessment (EIA) frameworks, offset related legislation and 

guidance; as well as more recent published articles on biodiversity offsets. The framework selected for the review included 

biodiversity offsets embedded within the environmental license process at the national level. Sub-national policies and 

regulations have not been included in this research. Complementary to the desk-based review, primary data was obtained 

through eight semi-structured interviews. The interviews aimed to get further insight and country level perspective on offset 

regulation and implementation. The respondents were identified through their involvement in biodiversity offset schemes in 

the focal countries. A list of open-ended questions was used to guide the semi-structured interviews. 

 

3. Results and discussion 

 

Enabling conditions 

 

Base on common concerns acknowledged throughout the literature review and interviews, the research found that besides to 

the need of technical conditions (e.g. Pilgrim & Ekstrom 2014) and offset methodologies (BBOP, 2019), South America 

countries still need to create institutional, political and governance conditions where an offset scheme has a reasonable 

probability to deliver positive outcomes (Gelcich et al. 2106; Brownlie et al. 2017). Table 1 summarizes the eight enabling 

conditions and provides a brief explanation of its relevance (why important?) for the effectiveness of biodiversity offset 

schemes. In addition, having those conditions in place will reduce uncertainty and transaction costs, making compliance 

more attractive to developers.   
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Table 1: Enabling conditions 

Enabling conditions Why important? 

Appropriate and clear legal 
offset framework.  
 

To (1) be aligned with international biodiversity offset best practices, (2) 
avoid inconsistency and confusion about what is required by projects 
developers in terms of offsets; and, (3) ensure losses and gains are 
appropriately quantified. This includes the development of comprehensive 
and detailed guidance and metrics.  
 

Clear national conservation 
goals are set for biodiversity 
values  
 
 
 

To enable offset actions to be aligned with broader conservation goals. 
Clear conservation goals, based on a landscape and ecosystem approach, 
are required for projects to understand the significance of the impacts and 
appropriately apply the mitigation hierarchy (avoid, minimize, restore) to 
the highest priority features and, where required offset residual impacts. 
Ideally, a national conservation strategy would include "no-go" areas to 
establish which features should not be impacted, as they cannot be offset.   
 

Rigorous application of the 
mitigation hierarchy 
 
 

To ensure that appropriate steps have been taken to avoid, minimize and 
restore impacts on site prior to considering offsetting as a mechanism to 
achieve a biodiversity gain (ten Kate et al. 2004). 

In country governance and 
institutional technical 
capacity 
 

Both technical and scientific institutional capacity is needed to support the 
design, implementation and monitoring of offset schemes.  

Generation of Biodiversity 
and Ecosystem (BES) data  
 
  

Having detailed BES data, will help countries choose priority offset sites 
that are compatible with national biodiversity conservation goals (Reid et 
al. 2015).  
 

Monitoring, reporting and 
enforcement mechanisms. 

To assess whether offsets actions are delivering required outcomes, to 
avoid delay or failures, and to support adaptive management of the offset 
scheme (IEEP, 2014). Monitoring is also a first step to ensure compliance 
and enforcement with offset policy requirements (Bull et al. 2013). 
 

Appropriate mechanism for 
stakeholder engagement 
 
  

To understand the way in which different stakeholders utilise, depend on 
and value biodiversity and ecosystem services in potential offset areas. 
Aligning offset actions with local stakeholder interest will help to secure 
the sustainability of the actions.  
  

Financial incentives to secure 
long-term effective 
management and outcomes 

To ensure outcomes are actually delivered and to ensure permanence of 
offset actions beyond the life of the projects, preferably in perpetuity 
(IEEP, 2014).  

 

 

Offset schemes review by enabling elements 

 

In this section, the study assesses to what extent the previously identified conditions are in place in the surveyed countries, 

and identifies whether important gaps in the biodiversity offset schemes exists. Table 2 summarizes the main results and 

gaps. 

 

a. Appropriate and clear legal offset framework 

 
According with IUCN, (2014) one of the principal reasons that offset fail to achieve NNL or NG appears to lack of clear 

policy requirements that offer unambiguous guidance to developers and offset providers. To the success of offset schemes, 

countries need to set clear offset goals and develop comprehensive and detailed guidance to reduce uncertainty, making 

compliance easier to developers. Also, in addition of direct impacts, offset schemes have to consider indirect and cumulative 

impact, taking account ecological functions of the ecosystems.  
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In Brazil,1 the National Protected Areas System law (Federal Law 9985/2000, SNUC Law) requires project developers to 

offset their environmental impacts by paying a fee to support the implementation and maintenance of the Protected Area 

System (SNUC Law, art. 36), through the Environmental Compensation Fund (Reid et al. 2015).2 The federal level has set 

the ceiling for payment at 0.5 percent of the total cost of the project development.  

 

In Colombia, the offset scheme is embedded within the environmental licensing process. In 2012, a “Manual for the 

allocation of Compensation for Loss of Biodiversity” was adopted through Resolution 1517. The Manual applies to large-

scale development projects under competence of the National Authority of Environmental Licenses (ANLA) and only for 

impacts on terrestrial ecosystems.  In contrast of Brazil, Colombia has a more complex offset system, with potentially higher 

implementation costs (Reid et al. 2015). The developer is required to conserve or restore an area that is similar ecologically, 

but four to ten times larger that the impact site (Reid et al. 2015). The multiplier is calculated with an algorithm that takes 

account the representativeness, rarity, eminence and risk of conversion of the impacted ecosystem. The offset site must be 

located within the area of influence of the project. So far there is not specific offset regulation for projects which 

environmental licensing approval is granted by regional authorities (sub-national scale).   

 

Chilean and Peruvian offset schemes are more recent. In Chile, project developers subject to environmental licensing should 

develop an environmental offset plan (Decree 40, art.97). In 2014, Chile approved referential guidance, which sets general 

provisions on how to develop offset actions; it does not establish a methodology to quantify losses and gains of biodiversity. 

In Peru, the environmental licensing framework requires large-scale projects (classified as category III and subject to a 

detailed- EIA) to offset, when appropriate, their environmental impact (Law 27446).3 In 2014, the Ministry of Environment 

(MINAM) approved “Guidance for Environmental offset under the SEIA framework” (Ministerial Resolution 398-2014-

MINAM). In 2016, the MINAM enacted a general guidance that complement the provisions sets by the 2014 regulation, 

including among other, criteria for the selection of offset sites and criteria to estimate losses and gains of biodiversity 

(Ministerial Resolution 398-2014-MINAM). The same year, a complementary guidance for environmental offset in the high-

Andean ecosystem was enacted setting the methodology to calculate losses and gains of biodiversity in the high-Andean 

ecosystems (pajonal, tolar and puna grass) (Ministerial Resolution Nº 183-2016-MINAM).  

 

While the four surveyed countries have developed environmental offset frameworks, the review found that only Chile, 

Colombia and Peru are better aligned with offset principles and set clear NNL or even NG targets; whereas in Brazil many 

gaps remain when compared to international offset best practices. In the case of Brazil, it is not possible to assess the 

ecological equivalence between impacts assets and offset measures, since the fee is based on the project’s development cost 

rather than in the environmental impacts (Reid et al. 2015).  

 

All the surveyed countries include provisions for assessing indirect impacts as part of their general EIA policies (Villarroya 

et al. 2014); however, even if provisions to take into account direct and indirect impacts exist in the Brazilian environmental 

licensing procedure, those are not linked with the offset schemes since the fee is used to conserve or restore any existing 

protected areas inside the SNUC - unless a protected area itself is directly damaged by the project development (MacKenney 

&Kiesecker, 2009, Reid et al. 2015). In addition, none of the countries include ecosystem services within their offset goals, 

and all lack of robust offset framework for the marine ecosystem. Although, in Colombia, the National Biodiversity Plan 

																																																								
1 In Brazil, there are also two other environmental compensation schemes embedded within the Forest Code (Law 12651 of 2012)1 and the 
Atlantic Rainforest Law (Law 11.428/2006.).1  However, these frameworks are not part of the scope of this study.  
2 The Federal government has set the ceiling payment at 0.5 percent of the total cost of the project development. 
3 According to Law 27446, Category III projects are those which characteristics, magnitude and location may cause significant negative 
environmental impacts.  
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2016-2030 set the goal to expand the scope of offset through subsequent work to marine and freshwater systems (Kate and 

Crowe, 2017). 

 

Despite the advance, countries still need to set clear measurable NNL-NG offset goals, take account ecological functions and 

develop further comprehensive technical and detailed guidance to standardize processes on: (1) how to design and 

implement offset actions; and (2) how to quantify biodiversity losses and gains. The guidance and methodologies should 

allow flexible application, adaptable to site-specific environmental and operational circumstances; and be more specific 

about the thresholds and criteria with which the different components of the environmental studies will be evaluated (CSBI, 

2015; CSF, 2017). More clarity on the implementation of offset plans at the sub-national level is needed. Countries should 

also develop specific guidance for the marine and freshwater ecosystem.  

 

b. Clear national conservation goals are set for biodiversity values  

	
All surveyed countries are part of the Convention on Biological Diversity and have developed strategies, plans and 

biodiversity policies that identify biodiversity priority regions and conservation targets. Also all countries have developed 

national protected natural areas systems. However, modest progress was made toward achieving their conservation targets, 

due to information gaps on biodiversity and ecosystem services, and lack of monitoring (OECD, 2015; OECD, 2016; OECD 

2017). 

 

Brazil, Colombia and Chile require offset schemes to be aligned with broader conservation goals. In Brazil, project 

developers have to offset their residual impacts by paying a fee to support the maintenance of the SNUC. In Colombia, the 

offset manual establishes that offset sites should be located in areas prioritized by the national restoration plan or within the 

national system of protected areas. Chilean’s offset guidance also includes provisions to encourage offset sites to be located 

within areas prioritized by national, regional or communal conservation plans, policies or programs. In the case of Peru, 

there is not explicit reference on how to integrate offset action into existing conservation priorities (Villarroya et al. 2014; 

CSF, 2017).  

 

Regarding no-go areas, although offset threshold are not included in the Brazilian legislation, criteria for no-go areas are 

established in the SNUC, and specific rules are in place for specific ecosystem types (e.g. Atlantic rainforest vegetation and 

special native vegetation). In addition, EIA’s term of references (ToRs) establish specific requirements for projects that are 

likely to impact protected areas (or other legally protected site), special native vegetation and cave systems. In Colombia, the 

offset manual sets a list of “exclusion areas”, which are those sites that due to their importance for the conservation of 

biodiversity should not be target of intervention, production or transformation activities. Also, bans to limit certain activities 

in specific ecosystems are included in protected areas regulations and sectorial legislation. In Chile and Peru their offset 

guidance’s do not include a list of “no-go areas”, but statements to limit certain activities inside protected areas or specific 

ecosystems are included in protected area and sectorial regulation (OECD, 2016; OECD, 2017). 

 

Aligning biodiversity offset programs with national or sub-national conservation goals might allow offset to move beyond 

specific sites and be integrated into broader conservation goals (Gelcich et al. 2016). Governments have advance on 

developing strategies, plans and biodiversity policies; however, countries still need to set clear and long-term conservation 

goals for different biodiversity values (ecosystem/habitats/species), based on an accurate list of BES priorities (including 

features of location, status, trends, etc.). More scientific research is needed to fulfil BES information gaps; this information 

will provide a better understanding when deciding how much different impacts matter, and thus finding the best way to trade 

losses and gains of biodiversity.  
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c. Rigorous application of the mitigation hierarchy 

 

Except for Brazil, all the countries include explicit reference on the application of the mitigation hierarchy. However, the 

review found that its application still poor and there is no clear understanding of the concept among officials and projects 

developers. For example, in Colombia developers can present the offset plan until the year after the environmental license is 

granted, thus project developments have green light even before assessing if the proposed offset is technically and practically 

feasible. In Chile and Peru, offset plans are developed before the environmental license is granted. 

 

Within the mitigation hierarchy, avoidance measures are often the most effective way to reduce losses of biodiversity, and 

they can effectively be approach by undertaking alternative analysis prior to the project site selections (CSBI, 2015). 

Avoidance through site selection involves the relocation of the project site or components away from an area recognized for 

its high biodiversity and ecosystem services value, and it has to be carried out during the pre-feasibility assessment stage to 

ensure no-ne-loss outcomes (CSBI, 2015). Brazil, Colombia and Peru explicitly require project developers to undertake an 

analysis of alternative, yes its application is poor. In the case of Chile, there is not mandatory requirement to develop this 

analysis within the EIA framework, but it is recommended within the offset guidance. Nevertheless, the review has shown 

that in most cases countries have weak requirement regarding impact avoidance and the earliest stage of the mitigation 

hierarchy, “avoidance”, is ignored more often than it is implemented (Mckenney and Kiesecker, 2010; Clare et al. 2011; 

Villarroya et al. 2014). 

 

Countries need to place greater emphasis on the application of the mitigation hierarchy. In the case of Brazil, explicit 

statements requiring compliance within the mitigation hierarchy needs to be included into the EIA procedure; Colombia 

should amend its offset manual to require the offset plan before the environmental license is granted. Countries need to 

develop guidance on how to implement the mitigation hierarchy, including provisions to approach each step (avoid, 

minimize, restore and offset). The main concern is that failures on the rigorous application of the mitigation hierarchy may 

lead to biodiversity offsets becoming a “license to trash”- allowing development in areas where impacts should have been 

avoided or more effectively minimized (Villarroya et al. 2014; Mckenney and Kiesecker, 2010). 

 
d. In country governance and institutional capacity 

	
Throughout the last decades, governments from the surveyed countries have made progress in their efforts to strengthen their 

environmental institutions and environmental management systems (OECD, 2015; OECD, 2016; OECD 2017). They have 

created environmental ministries and a number of new technical agencies specialised in different environmental issues. 

Colombia, Chile and Peru have created the ANLA, the Environmental Assessment Service (SEA) and the National Service 

of Environmental Certification for Sustainable Investments (SENACE) respectively, as independent and technical agencies 

in charge of the environmental licensing process, and now in charge of offset plans.  

 

Countries have highly fragmented biodiversity governance systems that create significant coordination challenges. 

Nevertheless, the review found a high rate of restructuring within government agencies and poor coordination between 

environmental agencies and sectorial ministries. It was also found that there has been a low level of coordination between 

units operating within the same environmental government bodies. The review also found that strengthen the environmental 

offset institutional capacity depends significantly on political will (Kate and Crowe, 2017). Thus, alongside institutional 

weakness, the changing political agendas and the changing potential land use priorities are significant barriers to achieve 

conservation benefits from offsetting (Jenner and Howard, 2015). 
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At the subnational level, states and municipalities in Brazil, Autonomous Regional Corporations in Colombia and regional 

governments in Peru, have the autonomy to approve environmental licenses under their competences. These decentralized 

governance structures require close vertical coordination between national and subnational authorities (OECD, 2014; OECD, 

2015; OECD 2017); however, the results indicate that there is a low coordination among different governance levels and 

most of sub-national and local authorities still lack human and technical capacities, which hider the implementation of the 

EIA and licensing procedure (OECD, 2014).  This issue is even worse when it comes to a new environmental mechanism 

such as biodiversity offset. In the case of Brazil with a multilevel environmental governance framework, boundaries of 

federal, state and local jurisdiction over environmental issues need to be clarified (OECD, 2015). In Chile, a country with a 

centralized environmental governance system, sub-national authorities lack the autonomy and resources to play a substantial 

role in local governmental management and to adapt national policies to local needs (OECD, 2016). 

 

All the surveyed countries present similar situations that require staff training and better horizontal and vertical coordination. 

Institutional capacity building, both technical and scientific, is needed given the limited experience regarding offsets and the 

application of the mitigation hierarchy in South America, especially at sub-national level. Resources to build knowledge and 

understanding would overcome these constraints and support the design and implementation of offset schemes. Capacity 

building would need to be extend not just to regulators and governments, but also to other stakeholders who are likely to be 

involved, including developers, consultants and NGOs (IEEP, 2014). Cross-sector mechanisms – such as the National 

Commissions for Biodiversity - are useful mechanisms to address governance barriers to NNL commitments and to identify 

opportunities for collaboration. Countries should improve collaboration with academic institutions and universities to build 

understanding and technical expertise through university courses and educational training programmes. 

 

e. Generation of BES information to address data paucity 

 
All the surveyed countries have improve knowledge on the status and pressures on biodiversity, particularly regarding 

terrestrial ecosystem (OECD, reports), but Brazil and Colombia are with more comprehensible and detailed information. 
Brazil has made progress in improving the knowledge on biodiversity-related data, and in monitoring the state and trends of 

biodiversity (OECD, 2015). The country has a National Environmental Information System, and in 2010 in an attempt to 

systematise the information and make it more accessible for research and policy design, an online Information System on 

Brasilia Biodiversity was developed (OECD, 2015).4  However, information remains fragmented and not always consistent. 

Many municipalities lack the resources and technical capacities to collect and process such data, resulting in large gaps and 

inconsistencies in national databases (OECD, 2015). 
 

Colombia has improved the quality and coverage of environmental information developing a comprehensive, performance-

oriented system of environmental information (OECD, 2014). The country has developed a National Biodiversity System 

(SIB) and a map of continental, coastal and marine ecosystem (scale 1:100,000). To support the offset plan design, the 

country has developed two software: Tremarctos-colombia and “Mapeo de Formulas Equivalentes” (MaFE), both at scale 

1:100,000. The first one assesses the impact of a project development on biodiversity, and base on that information creates a 

list of potential offset actions to be developed. The latter helps to calculate the offset site. The main challenges are to 

improve the resolution of the spatial data (from 1:100,000 to 1:10,000) and to make the system fully operational. 

 

Peru has made efforts to generate and systematise environmental information held by the government, and to improve access 

to information to ensure its transparency (OECD, 2017). In 2004, the government created a National Environmental 

																																																								
4 (http://www.sibbr.gov.br/) 
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Information System (SINIA), and has developed a map of wetlands and protected natural areas and a National vegetation 

cover map (MINAM, 2015). However, there is currently no national map of ecosystem considered as functional units 

(OECD, 2017), which would make it possible to classify, manage and monitor them. Chile has created the National 

Environmental Information System (SINIA, http://sinia.mma.gob.cl/), and has developed a spatial data on ecosystems and 

species.  

 
The review has shown that despite progress on the development of BES information, countries lack data regarding 

ecological function, marine and freshwater ecosystem, value of biodiversity and ecosystems services, as well as the cost 

associated of their loss (OECD, 2016). Also, the available spatial data are scaled at 1:100,000, which are not accurate 

enough to assess the impact of project developments on the biodiversity and to guide the selection of offset sites.  

 

These major information gaps hider offset design and implementation.  Further work is needed to develop accurate baselines 

to: (1) assess trend, (2) identify priorities compensation sites, (3) inform decision-making, (4) build public consensus around 

biodiversity conservation and sustainable use (Reid et al. 2015; OECD, 2016). Robust and detailed data, for both land and 

marine ecosystem underpins biodiversity conservation and is crucial for offset design (e.g. establishing appropriate baselines 

for species, habitats, ecosystem services). Having detailed ecosystem database will help countries choose priority 

compensation sites that are compatible with national biodiversity conservation plans (Reid et al. 2015).  

 

Under this circumstances, countries need to (1) develop uniform system for collecting and managing environmental data, to 

apply both at the national and sub-national level, to generate consistent information, (2) promote further engagement of 

academic and research centres to fill BES knowledge gaps and support policy development, (3) develop interactive online – 

mapping tools,5 (4) develop guidance to support developers on how to collect BES information, when gaps in data exist, (5) 

strengthen the link between environmental, social and economic information to better support policy decision, (6) institute 

inter-sector cooperation and collaboration mechanism to share useful BES data and information, allowing all sectors to play 

a more active role in supplying information to BES baselines. As an attempt to accelerate efforts, a policy option could be 

the allocation of a small percentage (e.g. <10%) of the correspondent offset obligation to improve the available information 

on BES (e.g. Scientific studies); even when this measure do not meet the equivalent principles, it would be desirable to fulfil 

specific pre-identify information gaps.  

 

f. Monitoring and enforcement requirements 

	
Effective offset measures would require efficient monitoring of impact sites and compensation activities not only for 

compliance enforcement, but also for program evaluation (Quintero & Mathur, 2011). The review has found that with 

exception of Brazil, all the surveyed countries include statements to monitor offset schemes.  

 

In Colombia, the offset manual does call for monitoring at the impact and offset sites for the entire duration of the impact 

(Reid et al. 2015), yet the minimum parameters for the monitoring actions are not clear (Murcia et al. 2017). Likewise, there 

is not a central and public registry of offset plans, which difficulties monitor actions and follow up (Sarmiento et al. 2015). 

With regards to enforcement requirements, non-compliance is penalized by a fine (Law 1333, 2009); nevertheless, after four 

years of the offset manual, there are no examples of legal or economics sanctions imposed for non-compliance (Sarmiento et 

al. 2015; Pardo, 2017).  

 

																																																								
5 For instance, the Protected Matters Search tool (http://www.environment.gov.au/epbc/protected-matters-search-tool) developed by 
Australia allows users to identify whether a chosen site may interact with eight conservation issues including World heritage and other 
protected areas, threatened communities and threatened or migratory species 
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In Peru, the environmental monitoring end enforcement system has been strengthening with the creation of Environmental 

Assessment and Enforcement Agency (OEFA), an agency responsible for overseeing the application of environmental 

regulation for four major sectors,6 and now the offset plans. In addition, the offset guidance includes provisions for 

monitoring; however, there is sill a long way to go in this area, not just for offset but also for the whole EIA system (OECD, 

2017). In Chile, the offset guidance include a general reference to monitoring measure and asks project developers to include 

a list of biodiversity elements that will be monitored in order to demonstrate the NNL of biodiversity. It also includes a 

requirement for project developers to document the process. The Environmental Superintendence is responsible for 

monitoring compliance with EIA and offset plans. The creation of this agency has strengthening the enforcement of EIA 

reports, with a wide range of administrative enforcement tools at its disposal, but with severely lacks the capacity to act 

(OECD, 2016). In addition, the creation of environmental courts in 2012 (Law 20.600/2012) substantially enhances the 

access to environmental justice (OECD, 2016). For instance, on January 2018 the Environmental Court of Valdivia annulled 

an environmental license, based on the argument that the proposed actions to offset the losses of forest and wetlands were 

insufficient, and they did not comply with the ecological equivalence and additionality principles.7 

 

In Brazil, there is not monitoring requirements of offset actions, but the compensation fund is used for protected area 

monitoring (Reid et al. 2015). Also, there are no legislative requirements for a project to adopt an adaptive management 

Plan. At the Federal level, the review found that agencies do not have the necessary resources to guarantee that the 

management and monitoring plans a are applied. In many states and municipalities, environmental regulation is weakly 

enforced, partly because of an insufficient number of inspectors (OECD, 2015). Also, administration fines are often 

ineffective due to very low collection rates  (OECD, 2015).  

 

The review shows that there is little advance regarding monitoring activities. Many of the countries in our survey lack 

provisions that guide the monitoring of impacts and mitigation measures, and the few cases that do require monitoring 

typically require short monitoring periods (Villarroya, et al. 2014). The lack of adequate law enforcement often arises as a 

result of poor inter-ministerial coordination and weak institutional capacity environmental. Countries need to: (1) increase 

monitoring and enforcement institutional capacity, through technical assistance, training and institutional coordination, (2) 

strengthen the capacity of environmental inspectors at all government levels, emphasise proactive compliance, (3) develop a 

central and public offset registry (of offset plan & offset site) to facilitate monitoring actions, (4) public resources should be 

increased to meet the additional requirements for registering, monitoring and evaluating offset performance and through 

monitoring, (5) government should get feedback to improve the effectiveness of the offset schemes, and (6) set explicit 

penalties and consequences for failed offset delivery 

	
g. Appropriate mechanism for stakeholder engagement 

 

All the surveyed countries emphasize the important of engaging stakeholders as early as possible in the process and 

continuing this engagement and transparency throughout the process. Countries have developed some mechanism to 

promote public participation within EIA framework. However, the large number of socio-environmental conflicts existing in 

those countries may reflect citizens’ limited ability to influence environmental decision-making (OECD reports). 

 

In Brazil, the review revealed that stakeholder participation is limited within the environment licensing process (i.e. public 

hearings and specialist participation). No stakeholder participation is required in the identification of compensation actions. 

In Chile, the offset guide promotes early involvement and participation of interested people. Within the SEA, participation 
																																																								
6 Large and medium scale mining, hydrocarbons and electricity, commercial fisheries and large-scale aquaculture; and brewery, 
papermaking, cement and tannery industries. Regional governments are responsible for overseeing local and small-scale projects (such as 
artisanal and small-scale mining) 
7 More information: Legal decision, https://3ta.cl/wp-content/uploads/Sentencia_definitiva-R-42.pdf 
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engagement is an important aspect, and so far the government have approved several guidance to facilitate participation 

across project development. In Peru, the country has made efforts to strengthen environmental participation and guarantees 

prior consultation of indigenous communities regarding project developments in their territory (OECD, 2017). Of particular 

note is the Prior Consultation Act (Law 29785) of 2011 (OECD, 2017), which regulates the process of consulting indigenous 

communities on activities in their territories, reflecting the provisions of the Indigenous and Tribunal Peoples Convention of 

the International Labour Organization (ILO Convention Nº 169). In Colombia, the offset manual does not require the 

inclusion of a social participation component within the Offset Plan, it only requires to socialize the proposed plan (Murcia 

et al. 2017). 

 

Aligning offset actions with local stakeholder interest will help to secure the sustainability of the actions. Thus, stakeholder 

engagement is important to (1) ensure that offset activities are aligned with communities resources use; (2) assess the social 

impacts of any proposed offset; (3) explore opportunities for maximising participation in the early assessment, planning, 

implementation and monitoring of offsets (Jenner and Howards, 2015); and (4) enable stakeholders the right to review and 

voice their concern about offset decisions and outcomes (OECD, 2013). Failure to engage stakeholders in a meaningful and 

participatory way can have serious consequences for the delivery of biodiversity outcomes from offsetting. Countries need to 

build the capacity of civil society through workshops, training programs, information disseminations, etc., specially in the 

areas affected by the project and by the biodiversity offset plan. The information should be public and accessible to 

everyone. 

 

h. Financial mechanism to secure long-term outcomes and to achieve net gain 

	
All surveyed countries lack of appropriate financial mechanism to secure permanence of offset actions and long-term 

outcomes. In Colombia, offset schemes lacks any guarantee to ensure long-term funding, or other financial mechanism, to 

ensure permanence of offset actions (Reid et al. 2015). Moreover, permanence is undermining by the requirement that the 

offset last the duration of the development project only, rather than the duration of its impact (Villarroya et al. 2014). In 

Peru, offset actions should last the length of the project or match the duration of the impacts; however, the general offset 

regulation lack provisions on the application of financial mechanism that guarantees permanence and long-term offset 

actions. The authorities must include this requirement as part of the compensation scheme for Peru, as is requested in the 

case of mine closure (Law 28090 and its regulation, art. 31, 63). According to CSF (2017), many studies show the existing 

of financial gap inside Peruvian national protected area system; thus, linking offset schemes with the protected areas system 

may not only ensure long-term offset measures but also strengthen the protected area system itself.  In Chile, there is also a 

need to address issues of permanence of the offset actions, both from a technical administration perspective, as well as legal 

certainty and financial sustainability. The approval of Law 20,930 that creates the royal right of conservation, promotes a 

favourable scenario for the creation of conservation banks in Chile that can be used to ensure the long-term sustainability of 

offset measures 

 

Offset frameworks should set a variety of financial mechanism to ensure the governance, monitoring and enforcement of 

offsets for the long term (such as contracts, covenants, conservation trust funds, habitat banking etc.). 

 

 

 

 

 

 

 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

213



Table 2: Summarize of main results and gaps 
 

Enabling 
elements 

Brazil 
 

Chile Colombia Peru 

Appropriate 
and clear legal 
offset 
framework 

§ Lack of NNL/NG 
policy. 

§ Does not comply 
with ecological 
equivalence and 
additionality 
principles. 

§ Neither direct nor 
indirect impacts are 
linked with offset  

§ Does not consider 
ecosystem services  

§ Lack of offset 
framework for marine 
ecosystem.  

 
 

§ NNL or even NG offset 
goals 

§ Indirect and cumulative 
impacts are considered. 

§ Does not consider 
ecosystem services. 

§ Lack of offset framework 
for marine ecosystem. 

§ Lack of mandatory offset 
guidance and 
methodology to quantify 
losses and gains of 
biodiversity. 

§ Offset guidance is 
referential, not 
mandatory. 

 

§ NNL offset goals 
§ Does not consider 

ecosystem services.  
§ Only direct impacts are 

explicitly considered in 
the offset algorithm. 

§ Lack of offset 
framework for marine 
ecosystem. 

§ Lack offset regulation 
at the sub-national 
level.  
 

 

§ NNL or even NG 
offset goals 

§ Indirect and 
cumulative impacts 
are considered 

§ Does not consider 
ecosystem services. 

§ Lack of offset 
framework for marine 
ecosystem. 

Clear 
conservation 
goals for 
biodiversity  
values 

§ Aligned with SNUC  
§ Lack of clear long-

term conservation 
goals for different 
biodiversity values. 

§ Offset regulation 
does not include a list 
of “no-go areas”. 

§ Offset sites should be in 
areas prioritized by 
national, regional or 
communal conservation 
policies. 

§ Lack of clear long-term 
conservation goals for 
different biodiversity 
values. 

§ Offset guidance does not 
include a list of “no-go 
areas”. 

§ Offset sites should be 
located in areas 
prioritized by the 
national restoration 
plan or within the 
national system of 
protected areas. 

§ Lack of clear long-term 
conservation goals for 
different biodiversity 
values. 

§ Offset manual set 
"exclusion areas”. 

§ Lack of explicit 
reference to align 
offset with 
conservation 
priorities. 

§ Offset guidance do 
not include a list of 
“no-go areas” 
 

§ Lack of clear long-
term conservation 
goals for different 
biodiversity values. 
 

Rigorous 
application of 
the mitigation 
hierarchy 

§ Absence of a clear 
goal adherence to the 
MH. 

 
§ Requires analysis of 

alternatives sites 
 
§ Not clear 

understanding of the 
concept of MH 
among officials and 
project developers. 

 
§ Lack guidance on the 

application of the 
MH  

 

§ Despite explicit 
references to MH, its 
application still poor and 
in most cases 
“avoidance” actions are 
ignored. 

 
§ Not clear understanding 

of the concept of MH 
among officials and 
project developers. 

 
§ Lack guidance on the 

application of the MH.  
 

§ Despite explicit 
references to MH, the 
scheme does not ensure 
its effective 
application, since the 
environmental license 
is granted before 
assessing if the 
proposed offset plan is 
technically and 
practically feasible. 
Once the environmental 
licenses is granted, 
project developers have 
one year to present the 
offset plan 

 
§ Not clear understanding 

of the concept of MH 
among officials and 
project developers. 

 
§ Lack guidance on the 

application of the MH.  
 

§ Despite explicit 
references to MH, its 
application still poor 
and in most cases 
“avoidance” actions 
are ignored. 

 
§ Not clear 

understanding of the 
concept of MH 
among officials and 
project developers. 

 
§ Lack guidance on the 

application of the 
MH,  
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In-country 
governance 
and 
institutional 
capacity 

§ Biodiversity 
governance is highly 
fragmented 

§ Weak institutional 
capacity of sub-
national 
environmental 
authorities. 

§ Poor alignment 
between federal, 
states and 
municipalities. 

§ Local authorities lack the 
autonomy and resources 
to play a substantial roll 
in environmental local 
managements. 

§ Weak institutional 
capacity 

§ Low political will 
 

§ Weak institutional and 
technical capacity, 
especially at sub-
national levels (CARs) 

§ High rate of 
restructuring within 
government agencies. 

§ Poor alignment and 
coordination among 
national (ANLA) and 
sub-national 
environmental entities 
(CARs). 

§ Biodiversity 
governance is highly 
fragmented.  

§ Low in-country 
capacity, especially at 
the regional level. 

§ High rate of 
restructuring within 
government agencies. 

§ Poor alignment 
between national and 
sub-national entities. 

§ Low coordination 
between ministries 
and between different 
units within the 
MINAM. 

§ Low political will. 
§ Biodiversity 

governance is highly 
fragmented.  

Generation of 
BES 
information to 
address data 
paucity 

§ BES information 
remains fragmented 
and not always 
consistent. 

§ Municipalities lack 
the resources and 
technical capacities to 
collect and process 
data, resulting in 
large gaps and 
inconsistencies in 
national databases. 

§ Lack of uniform 
system for collecting 
and managing 
environmental data 
across different 
governmental levels. 

§ Marine ecosystem is 
particularly data poor 

 

§ There is almost none 
information on 
biodiversity protection 
and negative impacts on 
ecosystem. 

§ Lack of official map on 
ecosystem and ecosystem 
services.  

§ Marine ecosystem is 
particularly data poor. 

§ Spatial data resolution is 
not accurate enough to 
assess the impact of 
project developments on 
the biodiversity and to 
guide the selection of 
offset sites 

 

§ Lack of a national map 
of ecosystem services.  

§ Marine ecosystem is 
particularly data poor. 

§ Maps are referential, 
not accurate enough to 
assess the impact of 
project developments 
on the biodiversity and 
to guide the selection of 
offset sites. 

§ Lack of a national 
map of ecosystems 
and ecosystem 
services.  

§ Marine ecosystem is 
particularly data 
poor. 

§ Spatial data 
resolution is not 
accurate enough to 
assess the impact of 
project developments 
on the biodiversity 
and to guide the 
selection of offset 
sites 

Monitoring , 
reporting and 
enforcement 
requirements 

§ Lack of monitoring 
requirements for 
offset actions, but 
offset funds are used 
for protected areas 
monitoring 

§ Lack of legal 
requirements to adopt 
an adaptive 
management Plan. 

§ Lack of a central and 
public offset registry. 

§ Environmental 
regulation is weakly 
enforced in many 
states and 
municipalities, partly 
due to insufficient 
number of inspectors. 

§ Administration fines 
are often ineffective 
due to very low 
collection rates 

§ Lack of a central and 
public offset registry. 

 
§ Insufficient financial and 

technical capacity to 
monitor EIAs and offset 
plans. 

 
§ The Environmental 

Superintendence, still 
lack human and technical 
capacity.  

 

§ Monitoring must be 
done at both impact and 
compensation sites, 
however there is not 
clarity about the 
minimum parameters 
that a monitoring 
program should have. 

§ Lack of a central 
registry of offset plans 
to facilitate monitoring 
activities. 

§ Insufficient financial 
and technical capacity 
to monitor EIAs and 
offset plans, especially 
at regional levels.  

§ Insufficient budget and 
technical capacity to 
enforce offset 
regulation 

 

§ Lack of a central 
registry of offset 
plans to facilitate 
monitoring activities. 

 
§ Insufficient financial 

and technical 
capacity to monitor 
EIAs and offset 
plans. 

 
§ Uncertainly regarding 

biodiversity offset 
compulsory nature.. 

§ Insufficient technical 
capacity to enforce 
offset regulation. 
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Appropriate 
mechanism for 
stakeholder 
engagement 

§ Despite 
improvements, 
citizens and sub-
national governments 
(municipalities) have 
limited ability to 
influence 
environmental 
decision-making.  

§ Lack of effective 
engagement of 
indigenous and 
traditional 
communities. 

§ Lack of knowledge 
and trainings on the 
topic. 

§ Limited mechanism 
to guarantee 
stakeholder 
participation. 

§ Lack procedures to 
allow stakeholder 
participation for the 
identification of 
compensation 
actions. 

§ Public participation often 
intervenes too late in the 
decision-making process. 

 
§ Lack of effective 

engagement of 
indigenous communities. 

 
§ Lack procedures to allow 

stakeholder participation 
for the identification of 
compensation actions 

§ Despite improvements, 
much remains to be 
done to strengthen 
environmental 
governance at all 
levels. 

§ Lack of effective 
engagement of 
indigenous and 
traditional 
communities. 

§ Lack of knowledge and 
trainings on the topic. 

§ Lack procedures to 
allow stakeholder 
participation for the 
identification of 
compensation actions 

§ Despite the existence 
of participation 
mechanism, 
stakeholders’ 
engagements need to 
be more effective in 
terms licensing 
processes. 

§ Progress should be 
made in applying the 
prior consultation 
mechanism under 
ILO Convention 169.  

§  Citizens have limited 
ability to influence 
environmental 
decision-making 
resulting in a large 
number of socio-
environmental 
conflicts. 

§ Lack procedures to 
allow stakeholder 
participation for the 
identification of 
compensation actions 

Financial 
mechanism to 
secure long-
term outcomes 
and to achieve 
net gain 

§ Lack of financial 
mechanism to ensure 
permanence of offset 
actions.  

§ Lack of financial 
mechanism to ensure 
permanence of offset 
actions 

§ Lack guarantee of long-
term funding to ensure 
permanence of offset 
actions.  

§ Offset actions only 
need to last the duration 
of the development 
project. 

§  

§ Lack of financial 
guarantees to ensure 
long-term outcomes. 

 

 

4. Conclusions 

 

Biodiversity offsets can offer opportunities to balance economic, social and environmental concerns, yet it is not enough to 

have legal frameworks in place. While Brazil, Chile, Colombia and Peru have developed offset framework during the last 

years, the research argues that the countries are far from deliver effective outcomes from biodiversity offsets. Main gaps are 

related to (1) weak technical and institutional capacity, especially at sub-national levels; (2) poor application of the 

mitigation hierarchy; (3) lack of accurate biodiversity and ecosystem services data; and (4) lack of appropriate legal and 

financial mechanism to secure permanence of offset actions. The report also stresses the need to develop further guidance, 

methodologies and metric for specific ecosystems (i.e. marine biome and Amazon rainforest); enhance vertical and 

horizontal coordination and collaboration among different government entities; strengthen monitoring and enforcement 

requirements; and ensure appropriate stakeholder engagement. Furthermore, countries need to set clear long-term 

conservation goals that would provide better understanding when deciding how much impacts matters, and thus finding the 

best way to trade losses and gains of biodiversity. Political will and resources are needed to create the necessary conditions 

to enable and support offset implementation. Regional-based learning platforms might help to share empirical evidence, 

develop pilot projects and enhance capacity building to overcome these gaps.  
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Abstract 

The Seixe River Basin (SRB) in southwestern Portugal is located within the Southern Portugal Green Belt covering 254 km2 

in an area recognised for its high biodiversity. The SRB, therefore, has several overlapping Nature Conservation Instruments: 

the Natura 2000 sites of Costa Sudoeste and Monchique, the Nature Park of Southwestern Alentejo and the Vicentina Coast, 

an Important Bird and Biodiversity Area and it is partly covered by the National Ecological Reserve. Located within the 

regions of Algarve and Alentejo, and contained within three municipalities (Aljezur, Monchique and Odemira) the SRB has 

around 91% of the area under high level protection for its habitats, flora and fauna. In addition, due to its morphology and 

climate conditions the area may be recognised as a climate refuge. However, monoculture plantations (mostly eucalyptus, and 

some pine), along with other (past and present) agricultural practices have resulted in the systematic removal of much of the 

area’s natural vegetation. Consequently, the theoretical rhetoric of sustainability is not being realised in practice. Instead, it is 

being undermined by either economically-driven land-use activities or by land abandonment, resulting in cumulative long-

term ecological and social impacts. These include extensive soil erosion, deregulation of the water cycle, land abandonment 

and landscape degradation, all ultimately leading to high future economic costs for the SRB; costs associated with land 

restoration and climate change adaptation. Infused with these impacts, particularly in Portugal, are the issues of private land 

ownership, around 98%, which means low state land ownership. In addition, decision-making regarding management of river 

basins and landscapes remains sectoral and regionally divided. The question is, how to reconcile economic development with 

social and ecological resilience, when current economic activities act as direct driving factors enhancing the wicked problems 

of land degradation and climate change. The TerraSeixe Project (TSP) was created by an initiative between two environmental 

NGOs that has as its aim the introduction of environmental stewardship as the process for identifying and deciding approaches 

for protecting biodiversity, ecosystems and ecosystem services within the SRB. To achieve this aim, remediation, adaptation, 

management and governance approaches to land uses need to be integrated and transdisciplinary, leading to transformational 

(systemic) changes over the long-term. Methodologies for this purpose, based on studies still to be conducted, will be decided 

by a strategic partnership platform incorporating the three municipalities concerned, four universities, a local development 

NGO and the national nature conservation authority. As stakeholders, the mosaic of landowners within the SRB are to be 

included in public participation processes for identifying integrated approaches for dealing with landscape degradation and 

climate change, while at the same time considering the need to maintain long-term sustainable socioeconomic activities. 

Partnerships between land owners and business are being developed and, what is particularly promising so far, is the 

opportunity for ecological restoration, ecotourism development and agroecologically-based sustainable practices to produce 

local products all aimed at developing multifunctional landscapes, by taking theory to practice. 

 

Keywords: Environmental stewardship; Natura 2000 management; socioecological resilience; ecological restoration; 

sustainability. 
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1. Introduction 

The location of the Seixe River Basin (SRB) in southwestern Portugal is recognised as a biodiversity hotspot for Mediterranean 

woodlands (Oliveira and Palma, 2003). Defined by the biogeographical limits of the watershed/catchment of the Seixe River, 

the SRB is located within the Southern Portugal Green Belt, which makes up the western aspect of the Mediterranean 

Biogeographic Region stretching from Portugal to the shores of Lebanon in the east (European Commission, 2016) (Figure 1 

and Figure 2). 

 

This area enjoys the legal protection of three overlapping Nature Conservation Instruments (NCIs) (Ferreira 2014), providing 

a legislative blanket covering approximately 231 km2  of the 254 km2 of the SRB (Ferreira and Jerónimo, 2015). The most-

extensive of the NCIs is the Natura 2000 network (European Commission, 2008: 242-243) covering 231 km2  of the SRB 

(Ferreira and Jerónimo, 2015). The aim of this network 

as expressed by the Institute for Nature Conservation 

and Forests (ICNF) is “for the conservation of certain 

habitats and species, where human activities should be 

compatible with the preservation of these values, 

aiming at sustainable management from an ecological, 

economic and social point of view” (ICNF, n.d.(d)) 

(Figure 3). 

Within the SRB, the Natura 2000 network is 

overlapped by an Important Bird and Biodiversity 

Area (IBA) (BirdLife International, 2018). This area 

covers 230 km2 of the SRB (Ferreira and Jerónimo, 

2015). The aim of the IBA is to ensure “special 

conservation measures relating to the habitat of species 

listed and to migratory species occurring regularly in 

the country, therefore guaranteeing that these areas should have an adequate structure to prevent pollution and deterioration of 

habitats and where measures are taken to preserve birds” (ICNF, n.d.(a)) (Figure 4). 

Figure 1. Map showing the Southern Portugal 

Green Belt (red) and the location of the SRB 

(blue). 

Figure 2. Map showing the Southern Portugal 

Green Belt and SRB in a high biodiversity area. 

(adapted from Oliveira and Palma, 2003: 45) 

Figure 3. Map of SRB showing Natura 2000 area. 

(Ferreira and Jerónimo, 2015) 
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In addition, a further overlapping area located along the coast and mainly affecting the estuary of the SRB is the Southwest 

Alentejo and Vicentine Coast Natural Park (Parque Natural Sudoeste Alentejano e Costa Vicentina (PNSACV)). The 

PNSACV, which covers 9 km2 of the SRB (Ferreira and Jerónimo, 2015), aims to support “conservation, legislation, planning 

and management”. The PNSACV is the only nationally recognised protected area in the SRB (ICNF, n.d.(b)) (Figure 5). 

Economic development in the SRB is recorded as a combination of sustainable-yield (plantation) forestry, agroforestry and 

agriculture (Direção-Geral do Território 2017a). These developments consist of eucalyptus plantations (Eucalyptus globulus 

Labill.), mixed forest stands of Cork oaks (Quercus suber L.), Maritime pine (Pinus pinaster Aiton.) and Stone pine (Pinus 

pinea L.), agriculture and agroforestry, natural environment, consisting of herbaceous and sclerophytic vegetation, water 

bodies and wetlands, with a small area of urban and industrial zones (Direção-Geral do Território, 2017b; Luís, 2017) (Figure 

6). 

Despite these NCIs, there is a high density of sustainable-yield forestry and other monoculture plantations. These activities 

appear in contradiction to the aims of the NCIs. Land use decisions, combined with unsustainable land management practices, 

instead of conserving and protecting certain habitats and associated endemic species, are in fact incrementally replacing these 

with simplified human agricultural and forestry systems. The development of these systems not only clears endemic vegetation 

(Figure 7), but also fragments large areas of natural vegetation (Figure 8), reducing or destroying the protected habitats and 

biodiversity of the SRB. 

Figure 4. Map of SRB showing IBA. 

(Ferreira and Jerónimo, 2015) 

Figure 5. Map of SRB showing PNSACV. 

(Ferreira and Jerónimo, 2015) 

 
Figure 6. Main land-uses within the SRB (Direcão Geral do Território, 2017b). 
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Starting in July 2016, the TerraSeixe Project (TSP) as a bottom-up NGO driven process, is a partnership between a local NGO, 

Acção Ambiental, and a national NGO, Grupo de Estudos de Ordenamento do Território e Ambiente (GEOTA). The vision 

for the TSP is “to return the SRB to an area where human activities are compatible with the conservation, protection and 

preservation of nature” – as prescribe by the NCIs. The mission of the TSP, or long-term goal, is “to introduce environmental 

stewardship as a process for identifying and deciding approaches for socioeconomic development that are in balance with the 

need to protect the natural environment of the SRB”.  

To support this bottom-up process, a strategic multi-stakeholder 

platform was developed by engaging various stakeholders in the 

TSP process as partners. These partners include three municipal 

authorities and one parish where the SRB is located (Figure 9), 

the  Algarve office for the ICNF (ICNF, n.d.(e)), the Algarve 

office of the Portuguese Environmental Agency (APA) (APA, 

2018), as well as a local development NGO and 4 national 

universities (Figure 10). 

 

 

 

 

Figure 10. Partnership logos. 

 
 

Figure 7. Natural vegetation removed for eucalyptus 

plantations. 

(Image: J. Roborg- Söndergaard, 19.05.2017) 

 
 

Figure 8. Habitat fragmentation. Front left: Remnant 

Mediterranean woodland; Centre: New eucalyptus 

plantation; Top: Old eucalyptus plantation. 

(Image: A. Lambe, 21.09.2016) 

Figure 9. SRB map showing municipal jurisdictions. 
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When considering the ensemble of overlapping NCIs, the presence and density of the current economic activities within the 

SRB appear to be in direct contradiction to the aims of these NCIs which is to protect, conserve and preserve large areas of 

natural heritage. Within the SRB, it appears that the productivist-oriented and dominant economic role that still exists in 

Portugal today, including trends toward biomass production  (Pinto-Correia and Breman, 2009), e.g. the eucalyptus plantations 

within the SRB, may be a driving factor behind the apparent flagrant disregard for NCIs that support compatibility between 

human activities via the sustainable management of the ecological, social and economic dimensions. 

Is the rhetoric for sustainable development being challenged by this singular focus on economic development, or is there an 

opportunity for change? In other words, can this economic approach, that is focused on financial and human capital, incorporate 

the NCIs in practice? If so, this means changing the current practice of systemically removing natural habitats, i.e. biodiversity 

and ecosystems (natural capital), and replacing these with simplified agricultural systems (financial and human capital). This 

paper, however, does not attempt to answer these questions, as the TSP is currently carrying out research to understand some 

of these dynamics. Instead this paper aims to identify factors that support the aim of reconciling economic development with 

social and ecological resilience within the SRB, as well as identifying a framework, as a context for change, that includes the 

stakeholders of the SRB in a process aimed at realising this aim. In this way, an alternative socioeconomic path that is 

sustainable over the long-term is presented. 

2. Methods 

This paper provides a theoretical framework for the work in progress by the TSP; that is taking the theory of sustainability to 

practice. The first results recorded are the formation of a coalition of twelve institutions and organisations, focused on 

implementing the project. Other results include successful applications for funding to support research and the development 

of an environmental awareness and education programme aligned to schools and environmental education in the area. 

The aim of the research is to establish a baseline as a point of departure for developing a framework for an Integrated 

Management Plan as a strategy for involving the stakeholders of the SRB in the environmental stewardship  (e.g. Račinska et 

al., 2015; Sabaté et al., 2013). 

However, as Lindblom (1959) wrote and Sayer et al. (2008) later confided, sometimes there is too much focus on scientific 

method or grand design when emphasis should be on developing “capacity to engage with the process of change” (Sayer et 

al., 2008). To achieve this capacity, the TSP will engage the partners and stakeholders in an environmental stewardship process 

that is adaptive, opening new ways to deal with what is essentially a changing intellectual and physical landscape. The 

challenge facing the TSP then is how to “build the human capacity and institutions to achieve” (Sayer et al., 2008) the TSP 

vision and aim and the changes required to ensure the reconciliation of economic development with both social and ecological 

resilience. 

3. Results and Discussion: building a framework for action 

As a long-term project that has been active for less than two years, proved results relating to the TSP are limited. Relevant  

results so far include: 1. The formalisation of the strategic partnerships and an Agreement of Shared Environmental 

Management Commitments (Carta de Compromissos de Gestão Ambiental Partilhada (GEOTA, 2017)); 2. Two successful 

funding applications; and, 3. The completion of a research study on the potential for ecotourism as an alternative 

socioeconomic activity (Luís, 2017). Apart from maintaining a small management team, the successful funding applications 

are supporting the development of an environmental education and awareness programme, the identification of landowners 

and land for ecological restoration demonstration projects and land for an environmental centre. In addition, these funds are 

supporting ongoing research to determine a scientific baseline as a point of departure for the TSP. 
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This focus of this paper is on the discussion relating to factors affecting the possible reconciliation of the current economic 

development trajectory with social and ecological resilience within the SRB. In addition, a framework as a context for change 

will be presented and discussed.  

As there is sufficient evidence, both anecdotal and scientific, to suggest that the continued removal of natural systems to be 

replaced by simplified human systems will over time influence the structure and functioning of these natural systems, i.e. the 

potential for natural systems to deliver ecosystem services necessary for human well-being, this aspect will not be included in 

the discussion to follow. Instead, the aim of the discussion will be to focus on factors influencing the human-nature interactions 

within the SRB. Interactions that have identified the problem as an economically-driven focus for land use and land 

management and how these relate to approaches for reconciling economic development with social and ecological resilience 

as a way to take the theory of sustainability into practice. 

For this reason, the SRB is approached by the TSP as a landscape, a place where human-nature interactions occur. This 

approach is endorsed by the European Landscape Convention (ELC) that views landscapes as areas “perceived by people 

whose character is the result of the action and interaction of natural and/or human factors” (Council of Europe, 2018). In 

addition, because of the coexistence of both agricultural and other activities within the context of the SRB, the 

multifunctionality of the SRB landscape is recognised (Oliveira et al., 2008). Sayer et al. (2013) also add that owing to the 

various goods and services provided by multifunctional landscapes, trade-offs between the different landscape needs and uses 

will exist and will need to be reconciled. Oliveira et al. (2008) identify this aspect of multifunctionality as both virtues and 

limitations that must be considered in territorial planning and management. 

The use of the concept, multifunctionality, allows for the functional evaluation of the SRB as a landscape in a given spatial 

and temporal context (Oliveira et al., 2013). This analysis aims to support an understanding of the landscape functions as the 

goods and services provided by the SRB in response to human needs, demands and expectations for determining the mutual 

enhancement of functions and for identifying possible conflict between functions (Oliveira et al., 2013). The aspect of conflicts 

brings into question the balance between development and conservation, and in the case of the SRB, the implications of nature 

in an agricultural environment (e.g. Bennett et al., 2006; Sayer 2009). 

Development, in this context, is understood as processes of societal and structural change that allows humans to achieve their 

potential and to promote well-being (e.g. United Nations Development Programme, n.d.). This should be achieved without 

compromising the need to maintain the natural biodiversity and ecosystems (natural capital) of the SRB with the need for land-

owners and land-users to sustain their livelihoods (financial capital). As Power (2010) points out, “Agroecosystems also 

produce a variety of ecosystem services”. However, Power (2010) cautions that “depending on management practices” these 

systems can be source of a variety of disservices, such as water/nutrient run-off, soil erosion and the sedimentation of water 

bodies, streams and rivers. 

Bringing a balance to development within the SRB when almost all the land is under some form of private ownership, is a 

challenge for the TSP. Approaching this idea of balance, or harmony, especially from productivist-orientation, as in Portugal 

currently (see: Pinto-Correia and Godinho, 2013; Pinto-Correia et al., 2014), is difficult. enough. Add to this the effects of 

poor coordination regarding agricultural incentives, such as payments via Agri-Environmental Schemes (AES) under the 

European Union Common Agricultural Policy (CAP) (European Commission, 2017), that resulted in the conversion of 

agricultural lands to forest plantations (Pinto-Correia, 2000), means a number of underlying factors need to be considered. 

Rodrigo and Veiga, (2009) identify the self-perception of farmers or land-owners, the producers, within their own 

agricultural communities as a factor contributing to the mainstream focus on production. As Pinto-Correia and Godinho 

(2013) point out, this perception of production is important if farmers are to retain their social positions in their farming 

communities. The trend then, as explained by Pinto-Correia and Godinho (2013), remains one of business as usual. This is 
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endorsed by Rodrigo and Veiga (2009) who highlight these “dominant productivist strategies” and as a consequence, the 

lack of alternative production options. Pinto-Correia and Godinho (2013) go further by saying that intensification or 

“reduction in land care”, as well as land abandonment, are all results of this singular focus on production. They reiterate that 

most land abandonment is a result of insufficient financial returns from production (Pinto-Correia and Godinho, 2013). 

Land abandonment results in further complications. Although there are a number of recognised driving-factors (both direct 

and indirect) linked to this phenomenon. Within southern Portugal, and the SRB, the first of these has been the issue of a 

decreasing “active rural population” of the SRB (Bugalho et al., 2011). Closely linked with this rural exodus is the process of 

land transformations, such as the development of eucalyptus plantations (Costa et al., 2011). Pinto-Correia and Godinho (2013) 

corroborate this by pointing out that the phenomena of land abandonment is linked to the planting of eucalyptus on abandoned 

agricultural lands, something that has been going on since the 1970s. They also point out that this has happened mostly in 

response to the then fast-growing paper industry in Portugal (Pinto-Correia and Godinho, 2013). This practice of land 

transformations to eucalyptus was seemingly supported by a law, Decree-Law No. 96/2013, known in Portuguese as "Lei do 

Eucalipto Livre" (the Free Eucalytpus Law). This law appeared to simplified the planting of eucalyptus by ostensibly 

complicating the planting of autochthonous forest species such as the Cork Oaks (Q. suber) and Holm Oaks (Q. rotundifolia 

Lam.) (Carmago, 2013). 

However, when combined, i.e. the abandonment of rural land and the simplification of rural landscapes as monocultural 

plantations, this results in another issue facing the SRB today, that of wildfires (Moreira et al., 2011; Pereira et al., 2006). Fire, 

it seems, is another factor affecting the transition of rural land to agricultural land by increasing the tendency for land 

abandonment, that in turn increases the probability of fire (Rego and Silva, 2014). Eucalyptus, despite the risks of fire along 

with several other negative environmental, social and economic impacts (e.g. Calviño-Cancela et al., 2012; ecological aspects 

of eucalyptus, e.g. Davidson, 1993; ecological, economic and social effects of eucalyptus, e.g. Sunder, 1993), remains the crop 

of choice for many rural landowners (Perreira et al., 2006). 

The aspect of reconciliation then, between economic development (as productivist) and the resilience of social and ecological 

systems requires a broader understanding of resilience. For this purpose, Walker and Salt (2006: xiii) define resilience as “the 

capacity of a system to absorb disturbance and still retain its basic function and structure”. Resilience then, it can be said, is 

about “cultivating the capacity [of systems] to sustain development in the face of expected and surprising change” (Folke 

2016). Folke (2016) goes on to say that “resilience thinking is coupled to social-ecological systems”. This identifies with the 

SRB which as a landscape is regarded as a coupled social and ecological system. Development within this system is a process 

of coevolution between the environmental and the social systems (Norgaard, 1997). In this way, environmental factors affect 

social systems and conversely, social systems influence environmental systems (Norgaard, 1997). Thus socioecological 

systems can be characterised by this “parallel and interactive development of society and nature” (Norgaard in Sevilla-Guzmán 

and Woodgate, 1997: 94). This concept links development, in all its forms, to social and ecological systems. 

As a socioecological system, the SRB is understood as complex and adaptive. As the TSP focuses on the long-term 

sustainability for the SRB, stakeholders, as managers and resource users of the SRB system, are regarded as integral 

components (Walker et al., 2002; Folke et al., 2005). From a social orientation of this perspective of the SRB, stakeholders 

are the communities that depend on the environmental resources of the SRB for their livelihoods (Adger 2000), thus creating 

the link between social and ecological systems. Adger (2000) then defines social resilience as “the ability of groups or 

communities to cope with external stresses and disturbances as a result of social, political and environmental change”. 

This definition links social and ecological resilience, highlighting as Adger (2000) says, “social resilience in relation to the 

concept of ecological resilience”, where both are characterised by a capacity “to maintain themselves in the face of 

disturbance.” Norgaard (1994) explains this relationship between social and ecological systems as “fitting together”. For the 

sake of argument and supposition, based on this simplified notion of fitting together, the question being asked is whether a 
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society, or community, that relies almost entirely on a single resource – eucalyptus plantations - for their livelihoods, can 

recover from the effect of shocks, such as wildfires that can wipe out livelihood assets (e.g. Diário de Notícias, 2017), or 

trends, such as desertification (ICNF, n.d.(c)) that result in the gradual erosion of these assets over time? 

Within the SRB, the stakeholders (landowners/land-users) rely almost entirely on the capacity of the environment to deliver 

the goods and services needed to sustain their economic activities, such as sustainable-yield forestry, agroforestry and small-

scale agriculture. These livelihood activities are open to the effects of shocks and trends. Hence, the resilience of the ecological 

system in this instance is paramount to the maintenance of these economic activities and to the sustainability of these 

communities’ livelihoods and wellbeing. The NCIs supporting ecological (resource) protection express the need for human 

activities to be compatible with the preservation of these ecological systems, or natural habitats. Furthermore, these NCIs are 

aimed at the sustainable management of the ecological, social and economic components of this area. However, in almost all 

instances, the natural habitats are incrementally and rapidly being replaced by monoculture plantations (Figure 11 and Figure 

12). 

 

 

 

 

 

 

 

 

 

 

This suggests that the discourse for sustainability, particularly regarding the SRB, as a balance between the human use of the 

environment and the preservation of vital ecological habitats is more de jure than de facto, raising the question then whether 

economic development within the biodiverse rich SRB can be reconciled with social and ecological resilience over the long-

term? 

As the basis for sustainability, the 3-dimensional theoretical approach for understanding the interrelationships between the 

ecological, the social and the economic systems identifies these as hierarchal and nested. As such, the environmental 

component, with its natural systems, provides the goods and services needed to sustain both the social and the economic 

systems of the SRB, i.e. a functioning and equitable social system that equates to a productive and sustainable economic system 

(Figure 13 below). 

From this basis of understanding sustainability, a context for change can be developed that identifies approaches to economic 

development that reconcile current economic development within the SRB. From this context, balanced approaches are 

identified as equitable, feasible and manageable (Cato, 2009) by not crossing thresholds, “points that have the potential to alter 

the future of many of the systems that we depend upon” (Walker and Salt, 2006: 53) (Figure 14 below). 

Figure 11. Map of SRB showing eucalyptus 

plantations (red) located within designated 

Natura 2000 habitat areas (green). 

(adapted from Luís, 2017) 

Figure 12. Map showing the extent of eucalyptus 

plantations (red) within the SRB (Natura 2000 

habitat areas shown in green). 

(adapted from Luís, 2017) 
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The framework suggested is the context for change. Change that can only happen if there is an integrated stakeholder process 

that identifies approaches to finding solutions for the underlying problem within the SRB. This problem is that the rhetoric of 

sustainability is not being realised in practice. Instead, sustainability is being undermined by a drive for short-term profit via 

unsustainable land-use practices or, simply, poor land management that is not conducive to the essence of the area as Natura 

2000. 

In the first instance, the need to develop a balanced approach for conserving biodiversity and ecosystem functioning within 

the SRB must be achieved without compromising development (e.g. United Nations Development Programme, n.d.). As 

Berkes et al., (2003: 3) point out, social and ecological systems are linked, and it is how we, as human societies (communities), 

adapt to and deal with environmental change in order to learn how to “shape change for sustainability”. Whether viewed as 

social or economic change or development, the TSP regards both these aspects as complementary where, in theory, 

development is a process “of change in which the exploitation of resources, the direction of investment, the orientation of 

technological development, and institutional change are all in harmony and enhance both current and future potential to meet 

human needs and aspirations” (World Commission on Environment and Development, 1987: Ch. 2, I, 15).  

Figure 13. Theoretical basis for sustainability: 3-dimensional, hierarchal and nested, approach to 

sustainable development. 

(adapted from Adams, 2006; Raworth, 2017; Rockström et al., 2009) 

The Theory The Practice The Context for Change 

Figure 14: The context for change: Taking theory to practice 

(adapted from Adams, 2006: 2) 
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Another aspect of development, is to understand that over time human systems have simply replaced natural systems to the 

extent that today what is left of natural systems are embedded in human systems (Ellis and Ramankutty, 2008). Even human 

systems of high conservation value and socioeconomic importance, such as the Portuguese Cork Oak parklands (known as 

Montado), require constant human use to sustain their biodiversity and output of ecosystem services (Bugalho et al., 2011). 

A conceptual framework for understanding the interrelationships between economic development as a balanced and 

sustainable approach to land use within the SRB has been developed. This framework includes an understanding of social 

resilience as an adaptive process for dealing with a changing environment and an understanding of ecological resilience as the 

adaptability of ecosystems to maintain function and structure after disturbance. 

Until the TSP, there was no visible attempt in the SRB to reconcile economically-driven land use practices with either social 

or ecological resilience. This framework therefore provides the basis for a dynamic process of change that requires an 

integrated approach (stakeholder involvement) for determining the environmental stewardship of the SRB. In turn, this process 

of change is linked to the capacity of the SRB to adapt, that is the resilience of SRB as a socioecological system (Figure 15). 

 

4. Conclusions 

The long-term goal of the TSP is based on the idea of balanced approach to land use and conservation within the SRB. This 

goal identifies with environmental stewardship based on a strategy that involves the stakeholders of the SRB toward achieving 

this goal. These stakeholders include any legal entity that will be affected, or that will affect, or that is interested in the TSP. 

This means attempting to include as many landowners, land-users, businesses, local organisations, municipal and regional 

authorities in the development of an Integrated Management Plan, the vehicle for implementing stewardship processes aimed 

at the sustainable management of the SRB. 

However, if the socioeconomic development of the SRB is a productivist model that results in the destruction of the ecological 

basis (i.e. ecosystem functioning, structure and processes), how does this affect the resilience of the social and ecological 

Figure 14: Taking the theory of sustainability to sustainable practice as a dynamic and continuous process within the 

SRB. 

(adapted from Berkes et al., 2003: 4) 

The TerraSeixe 
Project (TSP) 
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systems within the SRB? From a sustainable development perspective, this question remains unanswered. In other words, if 

land use within the SRB remains economically-driven, then there is little chance for a balanced approach to land management, 

or for that matter, a model for the sustainable development of the SRB. If such a model existed, it would need to be driven by 

the SRB stakeholders as owners of the process. 

Furthermore, will the current development trajectory result in cumulative long-term effects on the ecological, the social and 

the economic dimensions of the SRB? Again, looking at these issues from a systems perspective, how will the loss of 

biodiversity and ecosystems within the SRB affect, not only the ecological systems, but the social and economic systems as 

well? And how will this then affect social and ecological resilience? 

By taking the theory of sustainability to sustainable practices, the TSP, in the long-term, aims to support activities that focus 

on the issues of socioeconomic development, social and ecological resilience by identifying and promoting approaches for the 

long-term sustainable management of this precious natural heritage, viz. the Seixe River Basin. 
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Abstract 
Pumping systems account for a very relevant share of the energy consumption of infrastructures for water supply, treatment, 

use and disposal. For example, in wastewater treatment plants, (WWTPs) hydraulic pumps are responsible on average for 

more than 12% of the total energy demand of a plant. Acting on the correct sizing and operational control of the pumping 

system has therefore a high potential impact on the energy efficiency of WWTPs.  
This paper presents a simplified implementation of a decision support tool to estimate the efficiency of the pump system of a 

hypothetical WWTP and assess the environmental and economic payback times of some selected scenarios. 
The environmental impacts are estimated here solely in terms of lifecycle carbon emissions of the scenarios, including the 

energy use in each scenario, the installation of a new pump and the disposal stage of the old pump.  
The simulated example shows a situation in which the environmental payback time is significantly lower than the economic 

one. This methodology is suitable to be applied in pump systems also outside WWTPs. Moreover, the system prospects to be 

even more interesting if implemented as a web-based tool where the plant managers can very quickly assess possible sub-

optimal efficiencies in the pump system and estimate the suitability of pre-defined correction actions. In particular, the 

advantages of a system like the one described in this paper can be particularly relevant if extended to other energy 

demanding appliances in the plant (such as air blowers, and stirrers). 
 
Keywords: Waste Water Treatment Plant (WWTP), Pump performance, Global Warming Potential (GWP), Carbon 

Footprint, Decision Support System 

1. Introduction  

Pumping systems account for a very relevant share of the energy consumption of infrastructures for water supply, treatment, 

use and disposal (Plappally and Lienhard, 2012; Smith and Liu, 2017). Focussing on Waste Water Treatment Plants (WWTPs) 

alone, pumps account for up to 12% of the total energy consumption (Shi, 2011; Torregrossa et al., 2017a). In some European 

countries, the total electricity demand for wastewater treatment accounts for about 1% of the total electricity consumption of 

the country (Longo et al., 2016). Due to their high-energy intensity and the dependency of their operation from numerous 

factors, WWTPs have a high potential for energy efficiency improvement (Torregrossa et al., 2017b). 

In WWTPs, supervisory control and data acquisition (SCADA) systems produce a huge amount of information (up to 300k 

values per day; Torregrossa et al., 2016), that cannot be easily processed by human operators. According to the current practise, 

plant operators perform efficiency analysis once or twice per year using averaged values. This approach is not optimal because 

aggregated values prevent from investigating the impact of dynamic parameters (such as the water inflow) on the pump 

efficiency. Moreover, inefficiencies are usually detected at a late stage, when they have already produced negative effects.  

Recently, Torregrossa et al. (2017a, 2017c) proposed a decision support tool to analyse the pumps’ consumption on a daily 

basis and compare the economic feasibility of several options. Tools like this can run automatically, allowing the plant 

managers to connect to a database, visualize results and be alerted of occurring inefficiencies. 
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Figure 1. Concept of Decision Support System [adapted from Torregrossa et al., 2017a] 

Such methodology has the advantage to automatically assess the performance of the pumps using high-resolution data, identify 

failures at their early stage and rank the potential reactions to the detected failures according to economic criteria. However, 

in this approach, environmental criteria to support the decision making process have not been taken into account and, 

consequently, the decision making process is solely economic-oriented.  

The present contribution extends the analysis presented in Torregrossa et al. (2017a) by enabling the calculation of the carbon 

footprint, based on Life Cycle Assessment (LCA) methodology, of pre-defined intervention scenarios, in order to include an 

environmental criterion in the decision-making process. 

Figure 1, adapted from Torregrossa et al. (2017a), helps to explain the concept behind this tool. The algorithm is fed with 

different information sets: 1) pumps' sensors provide high-resolution information on energy and water inflow, 2) economic 

and environmental information such as the cost of energy or its hourly carbon intensity, 3) technical knowledge about the 

pump (e.g. pump efficiency curve). 

The algorithm can be run automatically, provide high-frequency assessments (currently one analysis per day), make the results 

available through a web-interface and thus support the decision making process. 

2. Methods 

The application described in this paper has to be considered a preliminary version of the tool, with only demonstration 

purposes. The water inflow Qin is simulated as a function of time t, considering a typical daily pattern h (with hourly resolution) 

for WWTPs, retrieved from the InfoWorks ICM platform (Innovyze, 2018). The expression to simulate the water inflow is 

given by:  

 𝑄𝑖𝑛(𝑡) = 𝑄𝑖𝑛_𝑎𝑣𝑔 ∙ ℎ(𝑡) ∙ 𝑟𝑓 + 𝑄𝑟(𝑡) (1) 

Where Qin_avg is the average inflow, that we assumed equal to 3000 m3/h; h(t) is the hourly value of the water inflow pattern 

(see Figure 2); rf is a random factor distributed as a Gaussian N(0,1) and Qr is the rain flow contribution, which in our case is 

considered equal to zero (simulation of a dry weather period). As an example, the resulting Qin(t) for a 48-hours temporal 

window, is shown in Figure 3. In a real application Qin(t) will be provided by automatic flow sensors. 
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Figure 2. Typical water inflow daily pattern. 

 

Figure 3. Water inflow profile generated for an example 48-hours temporal window. 

For methodology testing purposes, we simulated the operation of the pump system over one year. The daily pump operation 

changes day by day because of the (24 x 365=) 8760 random factors rf  applied to each hour of the simulated year.  

The energy efficiency of the pump system (ηs) is expressed by the ratio:  

 𝜂𝑠 =
𝑀∙𝑔∙𝐻

𝐸𝑐
 (2) 

Where M is the mass of water lifted, g is the gravity acceleration (9.8 m/s2), H is the lifting height difference of the water 

pumped (assumed equal to 10 m in our case) and Ec is the real energy consumed by the pump. M is calculated as the product 

by the water flow volume and the water density. In our simulation, the density value is currently a static value, which for the 

sake of simplicity was set equal to the water density of pure water at 4°C and standard sea-level atmospheric pressure (1000 

kg/m3). In reality, the sewage density changes instantaneously with the pollutant concentration, but as a first approximation 

one can use the pure water density as a proxy (Xu et al., 2014). 

The global pump-system efficiency ηs (also called wire-to-water efficiency) can be decomposed in three main components: 

pump efficiency (ηp), motor efficiency (ηm) and flow control efficiency (ηfc). It is therefore given by the product of the 

efficiencies of these three elements, as described in Eq. (3):  

 𝜂𝑠 = 𝜂𝑝 ∙ 𝜂𝑚 ∙ 𝜂𝑓𝑐 =
𝑀∙𝑔∙𝐻

𝐸𝑐
 (3) 
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The pump manufacturers provide the pump efficiency function ηp, depending on the incoming water flow (i.e. on the rainfall 

rate for real cases). For our simulation we have hypothesized the use of the pump model D 6300-27-3-1 (HMS Group, 2018), 

whose pump efficiency curve is approximated by Equation 4:.  

 𝜂𝑝 = −4.92 ∙ 10−7𝑄𝑖𝑛
2 + 3.96 ∙ 10−4𝑄𝑖𝑛 + 1.75 ∙ 10−2 (4) 

where Qin is the water inflow (which, for the chosen pump model is comprised in the range between 300 and 5000 m3/h). 

For the current pump system we assume an average motor and flow control efficiency as per table 4.1 in Spellman (2013), 

which correspond to ηm = 0.9 and ηfc = 0.6, respectively.  

When a suboptimal efficiency (thus involving a higher energy expenditure if compared with the optimal functioning) of the 

pump is detected, different scenarios can be envisaged and assessed. These include also the no-action scenario, in which the 

plant operator does not undertake any action and accepts the cost induced by the detected inefficiency. In our case, the 

following three scenarios were assessed and compared taking into account their economic and environmental impacts: 

o Scenario 0: No actions implemented (the plant manager accepts the under-performance), 
o Scenario 1: Substitution of the old, inefficient, pump with a new pump of the same nominal power and disposal of the 

old pump, 
o Scenario 2: Installation of a pony pump to use in parallel with the old pump and assure efficient operation in dry weather 

period. 

Pony-pumps are those pumps, smaller than the pumps installed for peak flow conditions, which are used to treat efficiently 

reduced volume of inflow (U.S. DOE, 2006). The pony-pump we assumed to use has an operation range between 700 and 

2500 m3/h (model D 2500-62 in HMS Group; 2018). Therefore it will be operated (instead of the main pump used in peak 

flow conditions) only when the water inflow is lower than 2500 m3/h, thus optimizing the energy efficiency in dry periods. 

The tool we have developed has been coded in the R programming language (R Core Team, 2014) and makes use of the R 

package Chron (James, 2018). For each of the actions listed above, the script calculates and compares the economic cost of 

running the pump system and its carbon footprint. The calculation of this latter includes the pump system operation (inefficient 

or optimised energy use), the installation phase (infrastructures of the pumps) and the disposal stage (dismantlement of the old 

pump). The functional unit is the pumping of wastewater during one year for a treatment plant with an average sewage flow 

of 3000 m3/h. The sewage flow is based on the simulated daily variations. For the pumping system, the system boundaries 

include the manufacturing of pumps (new ones installed for Scenarios 1 and 2), their operation (including one or two pumps, 

depending on the scenario) and their disposal (old pump for Scenario 1), as depicted in Figure 4. 
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Figure 4. System boundaries for the LCA evaluation (focused on carbon footprint here). Processes with short and long 

dashes are only included for Scenarios 1 and 2, and for Scenario 2, respectively. 

In order to evaluate the environmental impacts of the pumping system, Life Cycle Inventory (LCI) data need to be determined. 

Foreground data include pumps weight given by manufacturer (used to model their manufacturing and disposal) and electricity 

consumption for pumping operation (calculated from the simulations described above). Background data are retrieved from 

the ecoinvent v3.3 database (Wernet et al., 2016). Due to lack of data, the pump construction is modelled with the datasets 

“Market for cast iron {GLO}” (cast iron being the main material the pump is made of) and “Market for metal working, average 

for metal product manufacturing {GLO}” (proxy for pump manufacturing process). Regarding the dismantlement of the pump, 

only the end-of-life of cast iron was considered, a using the dataset “Market for scrap steel {GLO}”. This module includes the 

production and operation of the machineries used for the mechanical treatment of steel scraps.  

In order to take advantage of the time-differentiated nature of the tool, we explored the influence of different electricity mixes 

during night (from midnight to 6 a.m.) and day (from 7 a.m. to 23 p.m.) times. This was possible using the hourly values of 

electricity carbon intensity from the open source project “Electricity Map” (2018), expressed in kg CO2eq emitted per kWh of 

electricity produced and distributed in the grid. As an example, we used data from Denmark. In this paper, only the Global 

Warming Potential (GWP) is therefore evaluated. It would be possible to evaluate a broader range of impacts such as 

eutrophication or resource depletion (e.g. using ReCiPe 2016 method by Huijbregts et al., 2016). However, in order to do this 

we would need to get time-differentiated data on electricity mix and apply the ecoinvent datasets for the different electricity 

production processes. 
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Figure 4 shows the average carbon intensity of the Danish electricity mix with an hourly resolution over a three weeks period. 

In order to obtain a daily profile (with 1-hour time step) of the carbon intensity, the values in Figure 5 were aggregated by 

hour, and the profile shown in Figure 6 was obtained. This profile was used to obtain the hourly carbon emissions over the 

simulation period. 

Figure 5. Average carbon intensity of the Danish electricity mix in the example period spanning from 09.05.2017 to 

31.05.2017 

As in Torregrossa et al. (2017a), which follows DANCEE model (2004), as a first approximation the cost (C) of the pump can 

be estimated as a function of the installed power using Eq. (5):  

 𝐶 = 𝑓 ∙ 16570 ∙ 𝑃0.559[€] (5) 

where P is the installed power [kW] and f is a coefficient equal to 1 for pump update, and equal to 2 for pump replacement. 

Figure 6. Aggregated hourly profile of the carbon intensity of the electricity production used for the simulation. 

3. Results and Discussion 

In the case of Scenario 1, where a new pump is installed while leaving the flow control and motor systems unchanged, the 

coefficients ηm and ηfc remain unchanged, but the pump efficiency ηp increases. Figure 7 shows the dependency of the pump 

efficiency from the water inflow. As one can observe from Figure 6, the efficiency of the pony pump for low values of the 

water inflow is even higher than the efficiency of a new big pump. 

As an example, Figure 8 shows the energy consumption of the pump system in the current operating conditions (Scenario 0) 

and in the case of Scenarios 1 and 2 for two days. 
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Figure 7. Comparison of efficiency-flow dependency during the three scenarios. 

 

Figure 8. Energy consumption of the pump system in the three scenarios. 

Scenario 0 (black line) corresponds to the highest curve profile, in which the energy consumption is always above 300 kWh. 

Scenario 1 (red line) represents the case of the installation of a new and more efficient pump that operates in every flow 

condition (night and day, dry and wet weather). In Scenario 2 (blue line), the old pump is coupled with a new pony-pump: 

during the peak inflow conditions, the old (full-capacity) pump, is active and the consumption profiles of Scenario 0 and 

Scenario 2 coincide; during low inflow conditions (night hours), only the pony-pump is active and the energy consumption is 

therefore reduced (getting around 100 kWh). This is obviously due to the fact that the pony-pump has a high efficiency (see 

Figure 6) compared to the old full-capacity pump, and even compared to a new full-capacity pump. 

Figure 9 shows the cumulative GWP of the three scenarios for one month (in order to focus on the moment where the curves 

intersect each other). The GWP of Scenario 0 starts from value zero and increases depending on the energy consumption and 

the hourly carbon intensity. In the case of Scenarios 1 and 2, the cumulative GWPs start from the environmental impact of 

installing the new pump and dismantling the old pump, and increases with a lower slope because of reduced energy 

consumption. Compared to Scenario 0, the payback time (where the new solutions starts to have lower cumulative GWP than 

Scenario 0) for Scenario 1 is 18 days and for Scenario 2 is 24 days. 
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Figure 9. Cumulative GWP of the three scenarios for 1-month example. 

Similar considerations can be made to calculate the economic payback time. Assuming 500 kWp and 100 kWp peak power 

for the installed pumps of Scenario 1 and Scenario 2, respectively, and electricity cost of 0.082 €/kWh, we obtain the economic 

benefits summarised in Table 1. For the sake of simplicity, no money discount rate has been taken into account.  

Table 1. Summary of economic and environmental costs and benefits for Scenarios 1 and 2. 

 Scenario 1 Scenario 2 

Installation cost [M€] 1.07 0.43 

Economic savings [k€/year] 144 35.7 

Economic payback time [years] 7.4 12.2 

Environmental payback time [days] 18 24 

Results show that Scenario 1 performs better than Scenario 2 both in terms of economic and environmental payback times, 

with a net advantage for the economic criterion. The economic and carbon-footprint-based evaluation present nevertheless 

different perspectives. On one hand, the economic criterion produces a quite large payback time, which would encourage the 

plant operator to accept the cost of inefficiency rather than investing on a new efficient pumping system. On the other hand, 

from the environmental point of view, both actions could be recommended, with fast benefits.  

These outcomes show that the inclusion of environmental criteria is necessary for decision-making processes, too often based 

solely on economic evaluation. The implementation of regulations could foster this integration, e.g. through the definition of 

benchmark indicators for the different sectors. In the case of wastewater treatment plants, environmental regulations exist 

regarding the concentration of pollutants in the discharge but there are no constraints or guidelines regarding the plant 

efficiency to achieve these thresholds. The tool developed here makes environmental and economic assessment available and 

comparable using payback time indicators. Decision makers could therefore use the tool to act considering a broader 

information set (which is particularly important when economic and environmental criteria follow different trends) and could 

monitor the impacts of the implemented solutions. 

Conclusions 

The paper presents a simple application of a tool for the automatic time-differentiated calculation of the energy efficiency and 

the carbon footprint of a pump system. Even if the system described in the paper is very simplified for demonstration purposes, 

it enlightens the importance of considering lifecycle-based decision support tools when environmental and economic trade-

offs are at stake. The tool detects energy inefficiencies of the pumping systems and calculates the economic and environmental 

(carbon-footprint-based) payback times of a set of solutions. For the scope of the present paper, only the carbon footprint was 

taken into account; other impact indicators could be used to calculate a more comprehensive environmental payback time. In 
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this respect, the coupling of our model with a LCA calculation framework like Brightway2 (Mutel, 2017) is envisioned as the 

most effective way to allow a completely automatic calculation of the environmental impacts and their utilization as a feedback 

to the system, in order to assess the most optimal solution (according to the set objectives and constraints). A similar example 

is given by the approach followed by (Marvuglia et al., 2017), in the context of a coupling between an agent-based model 

(ABM) and the LCA calculator. Moreover, the analysis of temporal variability, pursued in the present paper, has the advantage 

of yielding more accurate results, as compared to results obtained with average data. The next step of this research consists in 

the application of the tool to a real pump system, making use of the time-specific LCIs obtainable from the DyPLCA model 

(Tiruta-Barna et al., 2016). 

Finally, we plan to realize a web-based implementation of the tool, similarly to what already described in Torregrossa et al. 

(2017c), which has the aim to enable the plant managers to easily customize some case-specific parameters such as the cost of 

the pumps or the price of energy.  
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Abstract 

Sustainable energy is a burning issue in a world where 1.4 billion people still have no access to electricity. A solution for 

sustainable energy is better governance of energy trade. Energy security, or access to energy at an affordable price, is one of 

the main problems humanity faces. Without access to energy, people and countries cannot develop their potential. Today’s 

environmental challenges are driving a shift from fossil fuels towards clean and renewable energy, i.e., energy from sustainable 

sources, as opposed to conventional sources such as oil, natural gas, or coal. We argue that trade agreements can help mitigate 

climate change and enhance sustainable energy. In the past, they have been a very powerful instrument for change. The aim is 

to show that trade agreements have tremendous potential to help mitigate climate change, which is currently under-explored. 

The find the following synergistic links between the international trading system and the climate change regime:  minimizing 

conflicts between the trade and climate regimes; revisiting the concept of ‘like’ products; climate action via the formation of 

climate clubs; n agreed framework for a global Emissions Trading System and border measures; shift subsidies from fossil 

fuels to renewable energy; and fostering sectoral approaches such as aviation and shipping. We conclude that there is still 

much to do about how the trading system can be supportive of clean energy and climate action. We further conclude that the 

role of international trade (agreements) in renewable energy may be enhanced in the future. For instance, wind and sunshine 

in northern Europe is not the same as in southern Morocco. The price of northern European renewable energy will therefore 

be higher. International trade will therefore play a major role to reduce prices. For that to happen, free and fair solar trade in 

the global value chain of trade in goods and services is a must. The elimination of trade barriers damaging the global value 

chain is necessary, whether it is local content requirements or fossil fuel subsidies, as is the promotion of green growth for a 

sustainable future. 

 

Keywords: international trade, climate change mitigation, sustainable energy  

1. Introduction  

There is a lot of talk about the fact that, as a result of trade, we have increased social inequality (World Economic Forum, 

2017), nationally and internationally, and that the level of carbon dioxide and other greenhouse gas (GHG) emissions has been 

going up over time, also a result of international trade (OECD, 2017), and what can be done about it. Trade is in many senses 

considered to be the competitor of environmental protection. In this chapter, however, we argue that, while all of that may be 

true, trade can contribute to climate change mitigation. 

Climate change is one of the biggest challenges humanity faces today. Today, 80% of the global energy supply comes from 

fossil fuels (World Energy Council, 2015). Fossil fuels contribute to climate change and are finite, which leads to energy 

insecurity. Renewable energy can help here in that it is cleaner than fossil fuels. It also helps towards energy independence 

and therefore enhances energy security. Trade law could be used as a vehicle to achieve this goal. Trade can help everyone lift 

their living standards by aligning international standards. Examples of this line of thinking are the policies of Canada, whose 

trade agreements include strict standards for labor rights and the environment. The European Union (EU) has the same view 

and concluded the Comprehensive Economic and Trade Agreement with Canada in 2016. Other countries such as China, 

however, want to keep trade deals just to trade issues, avoiding non-economic issues in trade agreements such as labor rights, 

equity, social welfare, and environmental protection. 

We argue that trade agreements can help mitigate climate change. In the past, they have been a very powerful instrument for 

change, as the following two examples demonstrate: 

1. poverty reduction (World Bank Group and World Trade Organization, 2015): due to trade agreements, one billion 

people have come out of poverty between 1990 and 2010; and  

2. the protection of human rights: 75% of countries use trade agreements to protect human rights (Aaronson).  
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So why not use trade agreements as a novel tool to solve one of the most important challenges of today, namely climate change, 

given that they are legally binding, unlike traditional environmental agreements? 

The purpose of this chapter is to explore the potential of the trading system in contributing to decarbonization, focusing on the 

EU and international level. The chapter provides the state of the art and then explains how to go beyond the state of the art in 

the trade field to help decarbonize the economy. The chapter then provides a section on the synergistic links between the 

trading and climate regimes and what the right forum may be for the trading system to facilitate climate action. The chapter 

ends with a section on what the future may hold on the links between international trade and renewable energy. 

2. Methods: Making greater use of the trading system 

Scholars have explained climate change activities in terms of multilevel governance, transnational governance, polycentricity 

or fragmentation. This chapter will go a step further and look at how the trading system can be used as a vehicle to mitigate 

climate change, enhance energy security and help grow economically. Is there a transnational legal order for renewables? If 

yes, what are its boundaries? If not, why did it fail to exist?  

Very little theoretical work exists on renewable energy law and even less on trade in renewables law. So this chapter will 

address an important knowledge gap from an interdisciplinary perspective. As a result, it will open up new horizons for 

scholarship by creating a new field of research. This chapter, therefore, aims to open up new horizons for research in three 

ways: 1) currently, we do not have a good understanding of the links between trade and renewable energy, of how trade can 

promote renewable energy and, therefore, help mitigate climate change (Leal-Arcas and Alvarez Armas, 2018); 2) through the 

application of our findings to other areas of sustainable development, e.g., trade and gender issues; and 3) trade is underutilized 

as a tool to promote issues of global common concern. 

We stand to achieve considerable gains when trade law becomes a tool for change. Trade law can be a tool to help mitigate 

climate change and enhance sustainable energy. And it is well known that, thanks to trade, countries grow economically. 

Hence, the triple benefit of trade, which can have a positive economic, environmental, and social impact, and brings all three 

sectors together. But can countries grow sustainably?  

We argue that renewable energy may become the engine to obtain the three attributes of sustainable energy in the energy 

trilemma, namely clean, secure, and affordable energy. First, renewable energy is clean. Second, efforts are being made to 

make it increasingly secure via storage systems. The renewable energy trading system can help enhance sustainable energy 

and, therefore, mitigate climate change. Lastly, regarding affordability, we need to overcome the way in which renewables are 

viewed in that they are difficult and expensive to produce, attain and transport. Through significant research and many trials, 

the production of renewable energy will become more and more commonplace. A good analogy is that of computers or cell 

phones which, initially, used to be (very) expensive, but today are accessible to almost anyone in the world. 

Since time immemorial, trade has played a role in foreign relations, poverty reduction, and societal advancement. Trade has 

had many positive impacts on the sustainability agenda, as mandated by the preamble to the World Trade Organization (WTO) 

Agreement. We aim to fill the theoretical and empirical gap for how trade law can help mitigate climate change and enhance 

sustainable energy. As a result of this knowledge gap, we have missed crucial opportunities for cooperation between trade and 

climate change. Here is an example. 
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In the 1990s, two major agreements were concluded (one on climate change—the United Nations Framework Convention on 

Climate Change—and one on international trade—the WTO Agreement).1 The WTO Agreement only briefly mentions in its 

preamble the importance of ‘sustainable development’ in the context of international trade. I argue this was a missed 

opportunity for trade law to play a bigger role in mitigating climate change. In 2015, a new global climate agreement came 

into existence—the Paris Agreement on Climate Change—which does not even mention the term ‘trade.’ These are examples 

of missed opportunities to cooperate between the trade and climate regimes.  

New concept: Trade as a vehicle for climate action and sustainable energy 

We can use trade law as a vehicle not only for climate action and sustainable energy,2 but for many of the other sustainable 

development goals (SDGs). In other words, trade can serve as an enabler for achievement of the SDGs given that it embraces 

environmental, economic, and social dimensions. This is in line with the EU’s commitments to sustainable energy. However, 

currently, the governance of trade and renewable energy is fragmented, with many institutions and legal instruments.  

There is insufficient research on how the trade and renewable energy regimes can cooperate. No one has conducted the kind 

of research required to understand trade’s role in sustainability issues. New agreements are starting to include sustainable 

development chapters, and various think tanks and institutes are starting to discuss this issue. But there is no thorough empirical 

and theoretical study of what impact such sustainable development chapters are having so far, how they can improve, how the 

two regimes operate and can align better, and how to capitalize on trade to really push forward the renewable energy agenda.3 

3. Results and Discussion 

A. Finding synergistic links between the international trading system and the climate change regime 

A few decades ago, very few people would have thought of placing the environment in the trade debate. Today, many recognize 

that trade and the environment, as an institutional bureaucratic issue, needs to be integrated. Given the importance of greater 

cooperation between the trading and climate change regimes for a sustainable future, relevant questions arise: What are the 

trade instruments that best deal with climate action, bearing in mind that there is much public opposition to trade agreements? 

What kind of trade regime do we need to create for the great transformation of decarbonization? What should be the role of 

the trading system in reducing fossil-fuel consumption? In accordance with Article 4.2 of the Paris Agreement on Climate 

Change,4 how do the nationally determined contributions (NDCs)5 integrate with the trading system, taking into account that, 

unlike trade, they are a global public good (Leal-Arcas, 2017)? What will be the impact for investment flows, say, to expand 

                                                      
1 Interestingly, some 20th-century trade agreements already contained reference to climate change or greenhouse gas (GHG) emissions 

reduction even before the UNFCCC was signed. Below are two excerpts from pre-1992 (the year when the UNFCCC was signed) agreements 
referring to GHGs effects and climate change:  

“The Parties recognize the value of exchanging views, using existing consultation mechanisms under this Convention, on major ecological 

hazards, whether on a planetary scale (such as the greenhouse effect, the deterioration of the ozone layer, tropical forests, etc.), or of a more 
specific scope resulting from the application of industrial technology”. See Fourth ACP-EEC Convention signed at Lomé on 15 December 

1989, Official Journal L 229, 17/08/1991 p. 0003 – 0280, Article 41. 

“2. Cooperation shall centre on: […] - global climate change […]. 3. To these ends, the Parties plan to cooperate in the following areas: - […] 
- development of strategies, particularly with regard to global and climatic issues […].” See Europe Agreement between the European 

Communities and their Member States, of the one part, and the Republic of Hungary, of the other part, 1991, Official Journal L 347, 31/12/1993 

p. 0002 – 0266, Article 79. 
2 As a result, interesting questions would need to be answered, such as could the trade regime be modified to reduce fossil fuel consumption? 

Should it be? 
3 This situation raises the question whether climate change demands a normative shift in how we think about the trade regime. 
4 Article 4.2 of the Paris Agreement reads: ‘Each Party shall prepare, communicate and maintain successive nationally determined 

contributions that it intends to achieve. Parties shall pursue domestic mitigation measures, with the aim of achieving the objectives of such 

contributions.’ 
5 Nationally determined contributions (NDCs) “embody efforts by each country to reduce national emissions and adapt to the impacts of 

climate change. See United Nations Framework Convention on Climate Change “Nationally Determined Contributions (NDCs),” available at 

http://unfccc.int/focus/items/10240.php. The idea with the NDCs is to make sure that the increase in the global average temperature is “well 
below 2 °C above pre-industrial levels.” See Paris Agreement on Climate Change, 12 December 2015, FCCC/CP/2015/L.9/Rev.1, p. 2. The 

NDCs are not legally binding. 
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carbon sinks?6 How can trade policy attract investments in climate action?7 How can trade policy help climate action? How 

can fossil fuel subsidies be reconciled with attempts to integrate the trade and climate change regimes? What is the role of 

fossil fuel subsidies and border tax adjustments in this equation? Is there a deficiency in WTO law regarding fossil fuel 

subsidies?8 Since the trading system should support sustainable development, has globalization (personalized by the world 

trading system) been de-legitimized? Will greater cooperation between both regimes be possible in light of the current political 

threats to internationalism?9 Is the fact that the Paris Agreement offers a territorial approach10 to climate mitigation an issue 

for international trade? How will emerging technologies and business models affect both the trade and climate change regimes 

in the future? 

 

There are deficiencies and potential tensions when trying to work out synergistic links between the trade and climate regimes. 

For instance, the term ‘trade’ does not appear in the Paris Agreement on Climate Change. In fact, the Paris Agreement 

incorporates few trade-related elements, such as technology transfer11 and renewable energy.12 Moreover, updating13 the NDCs 

may lead to tensions based on process and production methods and to intergovernmental trade disputes at the WTO. 

Furthermore, the US may withdraw from the Paris Agreement. In addition, it is often the case that officials at trade ministries 

do not have a mindset for the environment, which makes synergies between trade and climate change more challenging.14 

 

Arguably, much of the difficulty with greater cooperation between trade and climate change is that the so-called ‘trade-in’ 

issues (such as trade in goods or trade in services) are about the reduction or elimination of barriers to trade, whereas the so-

called ‘trade and’ issues (such as trade and climate change) are about regulatory coherence. Any future climate action will 

need to be WTO-consistent. In this sense, former chairman of the WTO Appellate Body James Bacchus has argued that “to 

combine the most benefit for the climate with the least risk to trade, a WTO climate waiver is urgently needed” so that “WTO 

members revise and realign WTO rules in accordance with the objectives of sustainable development” (Bacchus, 2017). In 

addition, adding environmental and social issues to the WTO agenda might give it more legitimacy, presenting the WTO as 

an evolutionary body of law that may go beyond trade, classifying it as ‘regime extension.’15 Other possible solutions are the 

removal of impediments in the existing law as well as the gradual phase-out and eventual prohibition of fossil fuel subsidies.16 

Litigation at the WTO will most likely not move forward many of these difficulties.  

 

Rather, constructive regulation through plurilateral agreements to develop regulation on emerging technologies, carbon capture 

and storage, batteries, and similar topics may be a more fruitful way forward. Much of the analysis thus far on how the trade 

and climate regimes can better work together has been done at the multilateral level. There is a need to think about the regime 

                                                      
6 The UNEP argues that cutting GHG emissions will not be enough to keep global warming within desired expectations and that GHGs must 

also be removed from the air. See UNEP, “The emissions gap report 2017,” chapter 7, available at 
https://wedocs.unep.org/bitstream/handle/20.500.11822/22070/EGR_2017.pdf. 
7 A case in point here would be a climate-investment facilitation agreement. 
8 Arguably, the possibilities for addressing subsidies under WTO law in general have major limitations. 
9 Examples of political threats to internationalism are Brexit, the US’s withdrawal from the Trans-Pacific Partnership, and President Trump’s 

idea of leaving the Paris Agreement on Climate Change and the world trading system. President Trump is an example of someone de-

stabilizing international cooperative structures in environment, climate change, and trade. 
10 ‘Each climate plan reflects the country’s ambition for reducing emissions, taking into account its domestic circumstances and capabilities.’ 

[emphasis added]. See http://unfccc.int/focus/items/10240.php. 
11 Article 6.8 of the Paris Agreement. 
12 Paris Agreement, p. 2. 
13 ‘The Paris Agreement requests each country to outline and communicate their post-2020 climate actions, known as their Nationally 

Determined Contributions (NDCs).’ See http://unfccc.int/focus/items/10240.php. 
14 Peru has a ministry for the environment as a result of the 2009 US-Peru Free Trade Agreement. See https://ustr.gov/trade-agreements/free-

trade-agreements/peru-tpa. 
15 Adding non-economic issues to the WTO agenda creates a legitimacy-enhancing effect of addressing these problems that clearly matter to 
the people who are now challenging the validity of the WTO’s objectives. The counterargument, however, would be whether economists and 

trade law professionals have the necessary tools to tackle environmental and social concerns. 
16 There is the so-called Friends of Fossil Fuel Subsidy Reform, which is “a group of countries committed to supporting the reform of inefficient 
fossil-fuel subsidies.” See Global Subsidies Initiative, available at https://www.iisd.org/gsi/about/who-we-work-with/friends-fossil-fuel-

subsidy-reform.  

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

246



complex too. To do so, political will is necessary, which one can create through leadership. Ultimately, nature, technology, 

and science will make a difference. Moreover, tensions between the trade regime and the environmental regime are also due 

to the fact that they do not share a common language. Trade is mainly concerned with the market and is a field where 

governments are strongly influenced by business and industry groups. In contrast, the environmental regime is concerned 

mainly with regulation. 

 

Another way forward would be the support of the green infant industry. Doing so would generate green jobs and would 

translate into climate action without having to import green goods. Furthermore, creative avenues for international dialogue 

between finance and climate change ministers, instead of trade and climate ministers, is very promising, especially as countries 

start to feel the economic effects of climate change and extreme weather. Moreover, since the WTO is a member-driven 

institution, it is relevant in the trade-climate debate to pay close attention to the domestic politics and policies of WTO member 

states that are major GHG emitters, followed up with individualized action plans on how to address the issue in each of these 

countries and link the debate to the investment system. The investment regime is relevant in the broader political economy of 

this debate to address the clean-energy agenda, climate infrastructure, company sustainability, and eco-system protection. In 

addition, carbon pricing is one of the main issues in the climate change mitigation debate, not trade, to reach the social cost of 

GHG emissions.17 

 

Below is a list of recommendations for how the trade and climate regimes can better cooperate (Bacchus, J., Leal-Arcas, R., 

et al., 2016):  

 

1. Minimize conflicts between the trade and climate regimes 

Making greater use of existing fora, such as the Committee on Trade and Environment at the WTO secretariat, is very 

promising. One could also explore the role for a mandatory climate dispute settlement mechanism in the UN Framework 

Convention on Climate Change and in other international climate agreements. Equally, it may be worth proposing tough 

environmental trade regulations given that very few dispute settlement cases related to environmental restrictions have been 

successful and such cases take years to adjudicate. 

 

Moreover, one could make an exception to the most-favored-nation18 and national-treatment19 principles of non-discrimination 

for policy objectives, e.g., climate change mitigation. This could be the drafting of WTO norms to not impose duties on 

renewables. In addition, one could establish a “peace clause” for climate action. Similar to the WTO’s Agriculture Agreement, 

the peace clause would enable countries to protect themselves from action taken against each other’s fossil fuel subsidies. In 

general, although the trade regime does not seem to be an obstacle to climate change action per se, it is also not driving such 

action. Therefore, the international community should re-gear the trade regime to incentivize innovation and capital flow 

toward sustainability initiatives. 

 

2. Revisit the concept of ‘like’ products 

One could establish an international standard for calculating the amount of carbon used in the making of products. In addition, 

it would be desirable to agree on a “waiver” from WTO obligations for all trade-restrictive climate measures that are based on 

the amount of carbon used in making a product. 

 

3. Climate action via the formation of climate clubs 

                                                      
17 Even the US Supreme Court ruled in 2007 that GHGs are a risk to human health. See Massachusetts v. EPA, 549 U.S. 497 (2007). 
18 Most-favored-nation treatment (GATT Article I, GATS Article II, and TRIPs Article 4) is the principle of not discriminating between one’s 
trading partners. 
19 National treatment (GATT Article III) is the principle of giving others the same treatment as one’s own nationals.  
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An option to be explored is plurilateral action to promote green technology transfer among club members –eg., G20, G7, the 

Major Economies Forum, participation of cities (C40), namely a group of 90+ of the largest cities in the world for the 

implementation of the Paris Agreement on Climate Change. In addition, climate measures pursuant to a climate agreement 

should fall within the scope of Article XX(b) and (g) of the GATT and of Article XIV of the GATS (i.e., the general 

exceptions). Moreover, one could envisage granting a waiver for a climate club organized outside the WTO framework to 

become a plurilateral agreement under the WTO Agreement.  

 

A club approach would overcome free-riding issues of climate change mitigation (eg., the EU and NATO as examples of clubs 

where only members have benefits). This area is of great importance because, despite all the progress in scientific and 

economic understanding of climate change, achieving international agreements on climate change has proven difficult because 

of the threat of free-riding. In addition, a carbon price, rather than carbon emission reduction requirements, should be a core 

element of this climate-club approach because states are more likely to reach agreement on a carbon price than on carbon 

emission reduction levels. Ideally, carbon prices should reach a level up to that of the social cost of GHG emissions. 

 

4. An agreed framework for a global Emissions Trading System and border measures 

The idea is to ensure that WTO rules apply to a global emissions trading system and to ensure that a carbon tax is an indirect 

tax on a product that is eligible for a “border tax adjustment” under Article II:2(a) of the GATT. Border tax adjustments can 

be perceived as a carrot to avoid or minimize a loss of economic competitiveness and to avoid carbon leakage, or as a stick to 

spur climate action. 

 

5. Shift subsidies from fossil fuels to renewable energy 

The international community should agree on the gradual phase-out and eventual prohibition of fossil-fuel subsidies. If we are 

serious about climate change mitigation, fossil fuel subsidies must come to an end and green industrial policy tools (i.e., 

renewable energy subsidies, specific performance requirements, technical standards, and local content requirements) must take 

priority.20 We should also allow only non-discriminatory purchases of climate-friendly environmental goods and services 

under the WTO Government Procurement Agreement (GPA) while encouraging more WTO Members to accede to that 

Agreement.21 Finally, subsidies should go to the renewable-energy industry to make the transition to a green economy a reality. 

The need is great, but the science is nascent and economic incentives in the market are still missing. Here is where governments 

can play a role through subsidies and green taxes.22 

 

6. Foster sectoral approaches such as aviation and shipping 

Climate agreements affecting trade made by organizations such as the International Maritime Organization (IMO) and the 

International Civil Aviation Organization (ICAO) should be upheld in WTO dispute settlement to WTO Members that are 

parties to those agreements. In addition, one could improve the fuel efficiency of new and existing ships and planes via electric 

engines. Moreover, electric or hybrid engines in aviation and shipping would be very effective for climate change mitigation. 

For instance, hybrid planes, with a capacity of 100 passengers, could take off and land using jet engines but, during the cruise, 

they could make use of electrically powered engines. Similarly, lighter electric engines for aviation have been developed. 

In fact, aviation could be an interesting sector for the fight against climate change if we manage to use battery power in planes. 

The main issue is the weight of planes because planes have to lift themselves into the sky, which is currently hard to do with 

                                                      
20 The international community should find ways to reduce both the strong influence wielded by industries benefiting from fossil fuel subsidies 

and the hesitance of political leaders, even those generally committed to environmental issues, to take a stand publicly despite growing 
awareness of such measures’ economic and environmental repercussions. 
21 At the moment, the GPA comprises only 47 WTO members out of 164 members. See 

https://www.wto.org/english/tratop_e/gproc_e/gp_gpa_e.htm. 
22 That said, Germany has invested $1trn on low-carbon electricity and yet still depends at 50% on fossil fuels for its power. See “Negative 

emissions: What they don’t tell you,” The Economist, 18 November 2017, p. 12.  
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battery power, as opposed to jet engines.23 But there are advantages to electric motors, rather than jet engines: they are lighter 

and more energy-efficient. Currently, there are trials to see whether a hybrid-electric airliner with a capacity of 100 passengers 

might enter the market in 2030 (The Economist, 2017). 

 

B. Which is the right forum? 

There are several options to push forward the trade agenda for climate action and sustainable energy. Multilateralism has been 

in decline for some time (Leal-Arcas, 2010), and certainly when it comes to trade liberalization. A case in point is the never 

concluded Doha Development Agenda, which was initiated in 2001. In the case of trade, the Trump administration questions 

its validity and the WTO’s way of settling disputes, where ‘frustration has turned to aggression’ (The Economist, 2017a). In 

fact, Mr Robert Lighthizer, the US trade representative, has suggested a return to the pre-WTO system, where might was right, 

rather than making use of the dispute settlement system to resolve trade disputes. One great difficulty for the WTO process of 

creating new agreements is that decisions are made by consensus. In a WTO of 164 members, and more to come, such structure 

does not make decision-making easy. 

 

In the climate change front, multilateralism offers a new global agreement to mitigate climate change, the Paris Agreement on 

Climate Change of 2015. Two years later, more than 50 world leaders met in Paris for a One Planet Summit to launch an 

ambitious project to win the battle against climate change.24 The World Bank announced that it would stop funding fossil fuel 

explorations by 2019 (The Economist, 2017b). The consequences of climate change are well known and most climate scientists 

agree that, if the global temperature continues to increase, there is a serious risk of catastrophic sea level rises and more 

inundations in various parts of the world. It is therefore imperative that CO2 emissions be reduced. In fact, the 2017 Emissions 

Gap report of the UN Environment Program states that the climate pledges submitted by 164 countries represent one third of 

the cut in GHG emissions needed to meet the Paris Agreement target of keeping global warming below 2 degrees above the 

pre-industrial levels. Complications arise due to the Trump administration’s announcement that it will not honor the nationally 

determined contributions submitted by the Obama administration and it will not pay into the UN’s Green Climate Fund, whose 

purpose is to transfer $100bn per year by 2020 to poor countries (The Economist, 2017b). 

 

Plurilateralism is an option to be explored in order to ease barriers to trade in environmental goods and services (Leal-Arcas, 

2013). For instance, climate clubs (i.e., getting countries to join various regimes) could serve as a way to promote technology 

transfer within the club members. In terms of configuration of clubs of major countries (e.g. G-8, G-8+5, G-20, APEC), they 

could serve as a platform to conclude RTAs in green energy technologies. In the context of trade, the Environmental Goods 

Agreement (EGA) is a plurilateral25 trade agreement currently under negotiation between 18 WTO Members to reduce tariffs 

on environmentally beneficial goods26 so as to stimulate sustainable practices within global supply chains.27 The idea is that 

                                                      
23 That said, there are already companies that make two-seater electric training planes. See for instance the E-fan, available at 

https://www.siemens.com/innovation/de/home/pictures-of-the-future/mobilitaet-uns-antriebe/die-zukunft-der-mobilitaet-e-fan-x.html. 
24 https://www.oneplanetsummit.fr/en/. 

25 A plurilateral approach to trade agreements means that the agreements are optional and not binding on those WTO members who do not 

engage in them.  In the WTO context, multilateral negotiations, as opposed to plurilateral negotiations, imply the participation of all WTO 

members.  The nature of the consequent multilateral agreements from these multilateral negotiations implies that commitments are taken by 

all the WTO members.  The idea behind plurilateral negotiations is to make the WTO deliver again on progressive liberalization.  See Rafael 

Leal-Arcas, The GATS in the Doha Round: A European Perspective, in THE WORLD TRADE ORGANIZATION AND TRADE IN SERVICES 28 

(Kern Alexander & Mads Andenas, eds., 2008).  
26 Lower environmental goods tariffs would allow for cheap procurement of, say, solar panels and other renewable technologies, thus 

facilitating a transition to a clean energy future as fast as possible. On the other hand, temporarily higher tariffs may allow a country to build 

up, say, a solar industry that will then be able to compete on the global market, bringing prices down overall and leading to further innovation 
globally. 

27 The 18 WTO members are: Australia, Canada, China, Costa Rica, the European Union, Hong Kong, Iceland, Israel, Japan, South Korea, 

New Zealand, Norway, Singapore, Switzerland, Liechtenstein, Chinese Taipei (Taiwan), Turkey, and the United States.  Environmental Goods 

Agreement. All the E.U. member states are represented by the European Union in the negotiations, which means that there is a total of forty-

six WTO member states represented in the Environmental Goods Agreement (EGA). 
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“there could be a benefit for the multilateral trading system in lowering technical barriers to trade in energy-related goods and 

services, including in relation to technological goods and services that could encourage the proliferation of renewables.” (Leal-

Arcas, 2015)  

 

Combined, the parties represented at the EGA discussions produce 90% of environmental goods (Transport and Environment, 

2015). Since tariffs are already very low in many countries, the issue with the EGA is mainly about non-tariff barriers. Much 

of the issue with the EGA is defining what an environmental good is. Even if a trade agreement can be formed with explicit 

environmental objectives, arguably, the fact that the EGA has stalled is detrimental in that it is evidence that the international 

trade regime has little to offer sustainability efforts and is thus disconnected from the Paris Agreement.   

 

Also in the trade context, RTAs are examples of trade clubs, offering the advantage of preferential treatment in trade without 

penalties, in accordance with GATT Article XXIV. A joint statement by the US, the EU, and Japan at the 11th WTO Ministerial 

Conference in Buenos Aires in December 2017 pledging “to enhance trilateral cooperation in the WTO” shows that 

plurilateralism is a strong alternative to multilateralism (USTR, 2017). Another example of plurilateralism being on the rise is 

the fact that a coalition of countries has signed up for the negotiation of new rules on e-commerce plurilaterally. So long as 

there is critical mass, such a deal would be possible if there is no discrimination against other WTO members. 

 

In the context of climate change, there is hardly any international cooperation in that countries do what they think is best for 

them, as opposed to what is good for the world as a whole. International climate agreements offer no incentives for countries 

to go beyond what is in their self-interest, which explains the lack of international climate cooperation. An example is Canada’s 

withdrawal from the Kyoto Protocol in 2011 without legal consequences, which weakened both the environmental 

effectiveness and legitimacy of the Kyoto Protocol regime. The current legal instruments are not enough for what the 

international community needs to solve the climate change issue. 

 

A solution would be to find a mechanism where countries want to join the club and no country wants to leave. That would 

mean offering benefits to the club members, where the negatives become positives, and where the members can exclude others, 

who themselves do not wish to join the club. To be in the club, one would need participation and compliance.28 Such a situation 

would create stable coalitions. Economic theory and empirical evidence show that stable coalitions with substantial emissions 

abatement are not likely to form without sanctions against non-participants. 

 

Arguably, in the case of climate change agreements, they are doomed to failure because there is no incentive to remain a 

Contracting Party to the agreements, as there is no penalty if a country chooses to withdraw from the agreement. Equally, there 

is no punishment if a Contracting Party does not comply with the agreement. So a future club for climate mitigation could be 

construed as one that offers benefits for joining, but there would be no punishment if countries wish not to join.  

 

Three characteristics appear evident for the creation of a successful climate club: 

1. Most big GHG emitters need to be members of the club; 

2. Membership benefits are a must, and they should outweigh obligations; and 

3. The club would need to be related to sanctions for non-compliance.29 

 

Who might be the right institution to host such a climate club? The WTO? The Organization for Economic Co-operation and 

Development (OECD)? The Major Economies Forum on Energy and Climate (MEF) could well be a good platform to link 

                                                      
28 A simple example of compliance would be a speeding ticket: if the speeding ticket is very high, the driver will be very careful not to go 
beyond the speed limit and would therefore comply with the law. 
29 One would need to make sure that such sanctions would not violate international law and/or WTO legal rules. 
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clean energy, climate action and international trade. It was initiated in 2007 by the Bush administration under the name “Major 

Emitters Forum”30 and launched by the Obama administration on March 28, 2009.31 

 

The MEF is intended to facilitate a candid dialogue among major developed and developing economies, help generate the 

political leadership necessary to achieve a successful outcome at future UN climate change conferences, and advance the 

exploration of concrete initiatives and joint ventures that increase the supply of clean energy while cutting GHG emissions. 

The MEF partners include: Australia, Brazil, Canada, China, the EU, France, Germany, India, Indonesia, Italy, Japan, Korea, 

Mexico, Russia, South Africa, the UK, and the U.S. Bringing together these major emitters, which were responsible for around 

75 per cent of GHG emissions in the world as of 2009 (these numbers include land-use change), will increase the likelihood 

of reaching a climate change agreement, as the MEF is a more efficient and effective negotiating forum than the UN 

Framework Convention on Climate Change (UNFCCC). Even bring together the six major emitters, responsible for 60% of 

global GHG emissions, will be very beneficial for climate action. As a platform for action, the MEF carries legitimacy: it 

represents 80% of global GHG emissions, 80% of the world’s GDP, and 80% of the world’s population (Leal-Arcas, 2013, 

pp. 337-338). 

 

The MEF fosters technological innovation, brought about by increased trade. To avoid the obstacles faced by the UNFCCC 

machinery, the MEF should focus on each member’s economic weight, GHG emissions reduction responsibilities, and the 

calculation of responsibility for GHG emissions such as sharing the burden equally between producers and consumers, in order 

to fairly decide who should reduce GHG emissions and by how much. For instance, most GHGs are emitted because countries 

do not have clean sources of energy. They have no choice but to use available technologies. If energy producing countries 

have to pay 50 per cent of the cost, there would be a greater incentive to shift energy production from fossil fuels to clean 

energy. Investing in clean energy would then enhance innovation, which is beneficial for the economy (Leal-Arcas, 2013, p. 

338). 

 

Bilateralism, which should be understood as complementary to multilateralism and not mutually exclusive, has been very 

constructive in clean-energy terms, e.g., US-China relations (the G2). Since a few years now, the US and China have made 

remarkable advancement on energy- and climate-related cooperation. The United States and China are already cooperating on 

a number of joint efforts over clean technology, which plays a major role in the relations of the two countries. Below are a few 

(Leal-Arcas, 2013, pp. 333-336): 

1) The United States-China Clean Energy Research Center 

2) The United States-China Energy-Efficient Buildings, 

3) The United States-China Electric Vehicles, 

4) The 21st Century Coal Program 

5) The China Greentech Initiative 

6) The United States Alliances in Chinese Cleantech Industry 

7) The United States-China Renewable Energy Partnership 

8) The United States-China Energy Cooperation Program,  

9)  The U.S.-China Regional Cooperation Initiatives 

 

In the trade front, bilateralism seems to be beneficial for the big party in a bilateral trade negotiation because it is able to bully 

the other country. However, higher tariffs means that prices would rise for the consumers of the country that raises the tariffs. 

For instance, exports that depend on imported components would become less competitive. 

                                                      
30 The name was changed because, according to the members, the initial name sounded like an oligopoly of polluters. 
31 The MEF has gone through a number of name changes. It was previously called the Major Emitters Forum and the Major Economies Process 

on Energy Security and Climate Change. 
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There have also been unilateral, sector-specific attempts to mitigate climate change using trade as a tool. For example, the EU 

has tried to include aviation in the Emissions Trading System. 

 

Very promising is the idea of going beyond a horizontal (inter-governmental) approach to policy-making so that the 

international community starts exploring vertical approaches32 too (i.e., the involvement of cities through their mayors, NGOs, 

states through their governors,33 companies) (Victor, 2017). At the Conferences of the Parties (COPs), there is the issue of 

physical design if the international community is serious about the engagement of non-state actors during the negotiations. At 

the moment, the structure is such that only governments are participants in the climate change negotiations. In this respect, we 

have recently seen the relevant work of C40 Cities and R20 regions of climate action outside the COPs. 

 

In fact, in December 2017, city leaders from different parts of the world met in Chicago, invited by its mayor, to discuss how 

cities can implement the Paris Agreement. As of December 2017, there are plans that California’s governor Jerry Brown is 

planning an equally innovative summit to mitigate climate change at the sub-national level. All these sub-national green efforts 

are most welcome. 

Finally, regionalism seems to be on the rise, certainly since the decline of multilateralism. Adjustments by just a few major 

GHG emitters34 and just three mega-RTAs (namely the Trans-Atlantic Trade and Investment Partnership, the Trans-Pacific 

Partnership, and the Regional Comprehensive Economic Partnership) can make a great contribution towards climate change 

mitigation and the enhancement of sustainable energy. The evidence for this claim is that RTAs have often served as 

laboratories for covering new disciplines that do not exist in the WTO context (Leal-Arcas, 2011). Moreover, RTAs today 

cover many topics well beyond trade: competition, investment, environmental protection, natural resources, intellectual 

property rights, labor rights, and so forth (Leal-Arcas, 2016). Since most of the contracting parties to these three mega-regional 

agreements are also the main GHG emitters, and since RTAs have provisions that bind countries to mitigate climate change, 

then RTAs may potentially become a very effective solution to climate change mitigation and the promotion of clean energy 

(Leal-Arcas, Caruso & Leupuscek, 2015). 

4. Conclusions 

There is still much to do about how the trading system can be supportive of clean energy and climate action. Investing in 

renewable energy makes economic sense, not just environmental sense, given that solar energy is the fastest growing energy 

source. There are obvious social and economic benefits in renewable energy in general and solar energy in particular. 

Renewables can provide energy for all. They can increase the quality of health by reducing the level of pollution. They can be 

scalable: citizens can decide what type of energy they want (micro-grids or big solar panels). Renewables can enable students 

to study where there is not light after dark. The key drive of solar energy is its business case: the price has dropped dramatically 

in recent years. For renewable energy to be produced at large scale, international cooperation will be necessary. One could 

also have a more decentralized and democratized energy system. 

The role of international trade (agreements) in renewable energy may be enhanced in the future. For instance, wind and 

sunshine in northern Europe is not the same as in southern Morocco. The price of northern European renewable energy will 

                                                      
32 See for instance America’s Pledge, where a ‘number of U.S. cities, states, businesses, and universities have reaffirmed their commitment to 

helping America reach its Paris climate goals.’ Available at https://www.americaspledgeonclimate.com/. 
33 See for instance the US Climate Alliance, which is a bipartisan coalition of states in the US committed to implementing the objectives of 
the Paris Agreement on Climate Change within their borders. For further details, see https://www.usclimatealliance.org/. 
34 Based on cumulative emissions (which describe a country’s total historic emissions), according to the World Resources Institute, almost 

half of global emissions of greenhouse gases comes from just four parties to the UN Framework Convention on Climate Change, namely 
China, the United States, the European Union, and India). See https://wri.org/blog/2014/11/6-graphs-explain-world%E2%80%99s-top-10-

emitters. 
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therefore be higher. International trade will therefore play a major role to reduce prices. For that to happen, free and fair solar 

trade in the global value chain of trade in goods and services is a must. The elimination of trade barriers damaging the global 

value chain is necessary, whether it is local content requirements or fossil fuel subsidies, as is the promotion of green growth 

for a sustainable future. Equally, greater cooperation will be necessary between developed countries that possess the solar-

energy technology and sunshine countries between the Tropic of Cancer and the Tropic of Capricorn, who are fortunate to 

have tremendous solar-energy potential. All of this will take place with new thinking and innovation, instead of more of the 

same. 

The reduction of GHG emissions is possible if we switch to 100% renewable energy and if we stop using fossil fuels in the 

energy sector, transportation and agriculture. Green buildings, reforestation of large areas, and organic agriculture will be 

necessary elements to reach this goal. To all this, one should add the engagement the U.S., the EU, and China (as the major 

GHG emitters), helping navigate the transition to renewable energy, and the promotion of carbon pricing. 
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Abstract 
Energy is a critical feature of modern society, both as an enabler of development and as a cause of major environmental 

impacts, particularly regarding pollution, land use and climate change. Traditionally energy planning has been focused 

largely on supply management, particularly in the electricity sector. Existing models to manage electricity supply are mainly 

focused on a single goal usually financial cost) which they try to optimize, treating other goals (environmental, society) as 

constraints. Another lack in the existing models is the consumer's reaction to two critical factors on the electricity demand: 

the evolution of tariffs and the evolution of innovation-based technology efficiency. The authors have previously developed 

a hybrid model for the electricity sector and applied it to the Portuguese case. The model developed is dynamic in nature, 

executing a simulation year-by-year; thereby every action has a reaction in the following years, allowing better adaptation to 

reality. It takes explicitly into account the relation between electricity price and resulting electricity demand, and the 

decisions of final consumers (households, services, industry), who may choose to use more efficient technology to reduce 

energy costs. Background inputs include historical data from the power plants and the grid, production costs, Government 

incentives and historic consumption. Key inputs are future policy decisions. The output comprehends several economic, 

energy, social and environmental indicators, intended for decision support for different agents. The model has proved a good 

tool to understand the evolution of past electricity demand, and also the outcomes of different policy decisions. It may be a 

good tool for decisions makers and other stakeholders, including consumers, academics and NGO. The past few years have 

been rich in major changes and challenges in the energy domain: emerging technologies such as photovoltaic and electricity 

storage are rising rapidly, the economy is growing more electric, the grid paradigm is shifting from dumb and centralized to 

smart and decentralized, new business models are emerging, the international recognition of the need for transparency is 

growing, as is the urgency to face climate change. The research in progress, presented in this paper, examines the new 

scenarios for these new costs, tariffs, incentives, available technologies and philosophy. 

 

Keywords: electricity market, energy modelling, environmental indicators, decision support 

1. Introduction  
In Portugal energy costs were assumed as a current expend for all sectors of consumption and were treated as a monthly cost. 

Consumers considered it a fatality since they act as if they had no possible intervention. There was a lack of energy 

efficiency auditing and accounting that could identify areas or processes of reducing electricity losses and energy (ERSE 

2017). In 2002 started some investments on equipments and processes that revealed good results. By the last Great 

Recession in Portugal, in the second half of 2011, there was a need for assistance of third parties and the obligation to a 

Memorandum of understanding on financial assistance. By them several authors implied that the electricity consumption 

would increase because: 

energy is associated with our needs and our life style, not being possible to decline this consumption; 

the reduced power purchase of citizens will lead to cheaper appliances buying and post pone energy efficiency measures; 

the bank loans to energy efficiency implementations to companies were more difficult and selective; 

 

However, reality has proven the opposite since the consumption went stable in total but reduced in some sectors and per 

capita. Some explanations can be presented but the author identifies some key ones: 

- the increasing awareness of avoiding energy losses; 

- the adjustment of comfort definition by consumers; 

- the mechanism to implement free energy savings options and pay by economic savings, transforming Capex in 

Opex; 

- the modernisation of the economy; 

- the municipalities involvement in their own energy expenses, mainly on outdoors and street lighting; 

- the increased literacy in energy efficiency appliances by sellers; 

- the media role on spreading good practices in all sectors; 

- the activism of environmental and social NGOs. 

2. The electricity sector until 2010 

The electricity consumption in 2004 kept pace with growth years earlier with a variation of 5.7% or 4.5% correction with 

temperature and number of days. The maximum demand for public verified on December 9th with 8249 MW, an amount 

that exceeds by about 200 MW the previous maximum observed in January 2003. The hydro produtibility was reduced with 

a coefficient of 0.81. The hydro from SEP and SENV reduced its contribution supply consumption to 20%, rising thermals to 

56%. The Deliveries of Special Regime Producers continued to grow sharply, reaching already 10% of consumption. In 
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exchanges with foreign countries there was an import balance higher always supplying 14% of domestic consumption. The 

consumption of SENV customers increased 70% in 2004, accounting for 16% of the total supplied by the public. In 2004 

entered service in the second group of central hydraulic Alqueva with 120 MW, and the second group of the combined cycle 

plant Ribatejo with 392 MW of power. In National Transmission entered service the second interconnection High-Lindoso 

Cartel and new interconnection Alqueva-Balboa both at 400 kV. 

In 2005 the electricity consumption increased by 5.4%, 4.7% correcting effect temperature and number of days, in line with 

the values recorded in two years. Part of this growth is due however to the effect of Ordinance 399/2002, which cogenerators 

allowing the sale of the entire production have increased the demand on the public network by about 2%. The maximum 

demand the network occurred in January with 8528 MW, 280 MW above the peak seen in 2004. The hydro producibility 

was very low throughout the year, with an ratio of only 0:41. Consequently hydroelectric production and the SEP SENV 

represented 9% of consumption, compared to 64% of thermal power plants. The Deliveries of Special Regime Producers 

(PRE) increased 47%, with sharp increases in wind and cogeneration in the latter case due to the effect of Ordinance 

399/2002. Altogether the PREs already represented 13% of consumption. In exchanges with foreign countries the import 

balance increased slightly over the previous year supplying 14% of domestic consumption. The consumption of SENV 

customers grew 45%, representing 22% this year of total consumption supplied by the public. In 2005 entered service in the 

3rd group of the combined cycle plant Ribatejo with 392 MW and the two groups of reversible hydro plant Frade with 196 

MW. In the Special Regime for which these entries into service 30 new wind farms totalling about 400 MW. RNT was made 

to strengthen capacity of 400 km of 220 kV lines the which contributed to the increased capacity of trade with the Spanish 

network, namely to importer. Also continued extension of 400 kV in the Lisbon area, with the construction of a new section 

of line between the double cutting station and the Ribatejo area Fanhões. In terms of quality service, measured by equivalent 

interruption time, the year 2005 was the best ever (TIE = 0.49 minutes). 

In 2006 the electricity consumption grew 2.6%. With temperature correction and number of working days this value would 

have been 3.2%. The maximum was reached at 30 January with 8804 MW, adding about 300 MW to the previous maximum 

observed in 2005. Inflows to hydroelectric had a distribution very irregular, with a start to the year very dry but sharply 

recovering last quarter. As a whole year's inflows have ended up very close to the regime with an average hydro coefficient 

of 0.98. The hydropower supplied 20% consumption, compared to 51% of thermal power plants. Over the previous year 

hydroelectric production has increased 126% and the thermal decreased by 17%, not having been no change in capacity 

installed. The Special Regime (PRE) continued growth in recent years mainly in wind farms with entry into service of 600 

MW, bringing the wind power to about 1500 MW. The total deliveries of PRE, influenced also the hydrological situation 

more favourable, grew 34%, representing 18% of consumption, and 6% from the wind. The balance of trade with Spain was 

importing and having been 20% below the value last year, supplying 11% allowed of national consumption. From 

September the market extended to customers getting the Low Voltage completely liberalized. Nevertheless consumption in 

the System Not Linked (liberalized) decreased throughout the year reducing by 30%. In developing the NTS stands out the 

commissioning of the line-Tunes Estói at 150 kV, improving quality levels Service in the Algarve. It is noted even the 

opening of new substations Bodiosa (Viseu), Paraimo (Anadia) and Portimão as well as the construction of new Castelo-

Branco Iron lines, 220 kV, Bodiosa-Paraimo and Pego-Battle, 400 kV, and the refurbishment of the 220 kV line Fanhões 

Alto de Mira, with a suit to 400 kV and 220 kV another. In terms of quality of service, Time Equivalent Interruption stood 

below 1 minute for the second consecutive year, that test for the sustained robustness of Transmission. In 2007, consumption 

of electricity grew 1.8%, less than the 2.6% in the previous year. Fixing the effect of temperature and number of days, 

consumption growth stands at 2.4%, well below the 3.2% in the previous year. With the market completely liberalized, 

stocked with the consumption rate regulated corresponded to 88% of full face to the 85% recorded in the year above. The 

maximum demand network public occurred on 18 December with 9110 MW, which became the record high, above 300 MW 

previous maximum occurred in 2006. The produtibility hydropower was the fourth consecutive year of below medium with 

an index of 0.76. The production allowed hydroelectric supply 19% of consumption, while production fuelled thermoelectric 

46%. The Special Regime (PRE) maintained a high growth rate, although lower than in recent years. The total shipments of 

PRE grew 16%, supplying 20% of national consumption. In 2007 the power installed wind was reinforced with MW about 

400 at the end of the totalling years around 1900 MW connected to the grid. With MIBEL operating since 1 July trade with 

Spain were the highest ever, with the balance importer to rise 38%, fuelling 15% of consumption. Regarding the 

development of NTG, notes to entering the service of connections to 400-kV Bodiosa Paraimo (explored at 220 kV), Battle-

Sines and Pego-Portimão (operated at 150 kV) and at 220kV, Castelo Branco-Iron-and Fanhões-Trajouce, providing 

enhanced the overall structure of the RNT and warranty satisfaction of consumption before the its growth. Also entered in 

exploration of new substations Penela, Castelo Branco, Trafaria (Almada) and Alqueva (Vidigueira) and still the rank of 

cutting Pedralva (Braga). In terms of quality of service, network performed well, keeping the Interruption Time Equivalent 

for the third consecutive year below 1 minute. 

Portugal has invested in high scale solar power that started fully producing since 2009. Also, there was a huge investment in 

wind power, with significant steps in 2004, 2007 and 2009. The fuel power plants (Carregado, Barreiro and Setubal) are not 

producing anymore since they have been substituted by natural gas, PRE Wind and PRE thermal. For a short period (the 

years from 2005 to 2011) the PRE thermal was high than expected in the future because there was incorporated part of the 

Natural Gas power plants (these technology is not going to be supported as PRE in the future). In 2010 the wind power 

plants installed capacity increased. In 2007 was introduced the high scale solar power plant, starting to fully produce two 

years later. The consumption from 2007 to 2008 decreased due to the national crisis conjuncture, returned to likely values in 

2009. The years 2009 and 2010 the ones that best represent the national electrical system because they are similar in the 

available technological power plants, consumption behaviour and absence of policy measures. 

Sources: EDP (2017), EEA (2012), EEA (2013), EEA (2014), Endesa (2017), ERSE (2017), Eurostat (2017a), Eurostat. 

(2017b), EuroStat (2017), GALP (2017), REN (2017). 
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3. Context at the Bailout regime period 
In 2010 Electricity consumption recovered from the decline recorded in the previous year, growing 4.7%, or 3.3% when 

corrected for the temperature effect and number of working days. Annual consumption of 52.2 TWh is 3.2% up on the 2008 

figure. Power demand on the public grid recorded an all-time high on 11 January at 9 403 MW, which is 185 MW above the 

previous all-time high, set in 2009. Hydroelectric generation had its first wet year since 2003 with a hydraulicity rate of 1.31, 

supplying 28% of consumption. Special status generation (PRE) grew 24% and accounted for 34% of consumption, 17% of 

which originated from wind power. Wind energy generation increased 20%, with 350 MW of new wind farms in 2010 and a 

wind rate of 1.08. The import balance was the lowest since 2002, accounting for 5% of consumption. Thermal power 

stations used 34% of the available power, supplying 33% of consumption, which is the lowest share of the last 30 years. The 

Pego combined cycle power station (2x418.6 MW) entered into service in 2010, with grid connection at the Pego switching 

station. Of note in the development of the national electricity transmission grid was the entry into service of the 400 kV 

Armamar-Lagoaça and Lagoaça-Aldeadávila power lines, the switch to 400 kV of the Armamar-Bodiosa-Paraimo link and 

the opening of Armamar substation and extension of Lagoaça substation, both with 400/200 kV auto transformation. These 

projects raised the capacity of the grid to transmit renewable generation in the Douro area and increased the interconnection 

capacity with the Spanish grid. The 220 kV connection of the northern side of the Serra Lousã hills with the new 220 kV 

Penela-Tábua power line was also reinforced, contributing to the transmission of new renewable energy in the region. The 

400 kV Batalha-Lavos power line entered into service near the coast line, which is important for the transmission of 

generation by the new thermal units of the coastal area of Central Portugal. In South Portugal, the 400 kV Sines-Portimão 3 

line came into operation, improving supply to the Algarve region. There were 3 faults in the national transmission grid in 

2010, with the interruption of supply, comprising a total equivalent interruption time of 1.15 minutes. 

The short-term financial gains achieved by some have had terrible consequences for many, proven that policies allowing 

banks and corporations to behave in this way are not socially or economically sustainable. The current global financial crisis 

reinforced the need for transparency in business. Frightened by the scale of the bailout in Ireland in May, and by the failure 

of Irish banks, international investors began to look more closely at the finances of EU member states. Portugal was 

considered a risk because of its weak economic growth and high level of debt: “It has borrowed huge amounts to finance 

sacred welfare entitlements and private spending, while protecting jobs through outdated labour laws that make it difficult to 

hire and fire workers. Its industry has also broadly failed to move with the times.” wrote the Associated Press. The interest 

rates were pushing Portugal towards the situation seen in Greece and Ireland before. At the same time as investors were 

worried that Portugal would not be able to meet its debt obligations and might need a bailout, the Portuguese Government 

insisted in the adequacy of its debt reduction plan and in its lack of need for financial help. 

The country's debt was over 100% of GDP (higher than Ireland, Greece and Spain), damaging the economy, strengthening 

and increasing the distrust of foreign creditors. The public debt was 86% of GDP, revealing a huge weight in the economy. 

The current expenditure of the State (without interest) increased from 26.7% in 1990 to over 40% of GDP in 2010. The 

household debt was due to years of high consumption levels not compatible with the family budget earned. Savings rates 

were low, therefore aggravating the deficit, although the demand for instruments to buy public debt was about 2.6 times 

higher than the supply. GDP growth was only 0.5%, setting Portugal away from its European partners and decreasing the 

perception of security for payment to creditors. Portugal had difficulty to compete in foreign markets due to its low 

productivity and high prices of products and services (despite the cheap labour cost). With the national debt traded closed to 

7%, it was estimated that Portugal would need to apply to the Financial Stabilisation Fund of the European Union amounting 

to 51 billion Euros. Nevertheless, the average rate of instruments to purchase of public debt was only 3.6% over the medium 

term and 4.5% in the long term, not encouraging savings and capital that are essential to prevent or reduce the external 

financing. The savings were only 9%, while in 1990 they were 20% (despite having been 6% in 2008). External financing of 

domestic capital rose from 6% to 11% in the last decade, increasing external debt and dependence. 

In the energy sector, external financing has fallen from more than 50% in 2003 to less than 30% in 2010. Portugal was the 

fifth country with the highest level of energy dependence in the EU, importing 83.1% of energy consumption against an EU 

average of 53.1%. In addition, the high energy bill and the targets set by Brussels for CO2 emissions, have led Portugal to 

bet strongly in this sector. In late 2010, 17.7% of the primary energy consumed in Portugal came from renewable sources, 

the fifth highest rate in Europe and more than double the European average (7.5%). 

Overall, the national strategy is based on an exhausted development model without cost-benefit analysis, neglecting the 

agricultural sector, the maritime economy and the manufacturing industry and privileging infrastructure. Instead of being a 

creative agent of globalization, Portugal settled down to a survival strategy and subsidy-dependency. The State 

configuration, its role in wealth creation, and the regulatory frameworks for financial and economic activities are 

increasingly being questioned. The Portuguese people, stepping aside from their participatory citizenship due to their loss of 

faith in politics and unfulfilled promises, have increased trouble in distinguishing the real from the imaginary (i.e., 

distinguishing what is the current status from what they hear in the media and/or in «coffee talks»). There is an 

overwhelming feeling of confusion regarding values, as citizens perplexedly watch the spread of corrosive corruption and 

see no social responsibility or accountability. The Portuguese are not challenged to reflect on the future but are regularly 

called upon to make sacrifices without seeing a national strategy leading to the creation of social wealth and economic 

growth hand in hand with sustainable development. 

Business associations have emerged in society to promote studies and mobilize minds to create wealth to benefit the national 

economy. The State, with modest amounts of available money, chose to continue spending, postpone the payments and 

establish public-private partnerships in the hope to combine efforts to harmonize policies and political power with business 

strategies. Significant spin-offs from universities and other centres of knowledge rose in the economy and society. 

Portugal ended 2010 with an energetic controversy between renewable and classical forms of energy production, after a 

petition from an association for consumer protection stated that 6.5% of the costs of general economic interest (CIEG) in the 

electricity tariff were due to renewables. Regardless of the fact that this petition confused issues, was poorly structured and 

wrongly reasoned, it had significant support from the population and was discussed in Parliament. On this issue, the 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

257



stakeholders from the renewable energy sector claimed that they have to tender, create direct jobs, invest locally, and give 

anticipated finance for R & D on new technologies in the energy sector. In addition, they have to deduct 2.5% of tariff 

revenues for rent paid to municipalities and have to pay the transport infrastructure. By contrast, traditional energy producers 

must only ask for a license and, if there is energy injection capability, they must only pay administrative costs and nothing 

else immediately out of the power plant. The issues of renewable energy and energy independence have taken high 

magnitude in conversations, but the means of achieving various energy goals have proven to be rather controversial. The 

question if there is an energy path that all can agree upon was left on the air. 

Internationally, the equations are as well multiple and difficult to solve. Countries are generally inadequate to cope with the 

expanding global problems: global climate change, international economic and debt crisis, the deteriorating balance-of-

payments in the early 80s, transnational terrorism and crime, the China and India factor, the end of cheap conventional 

energy sources, the worth of the ecosystems, the Kyoto and Cancun agreements, the cost of renewable energy, the promotion 

of efficiency use of energy and the nuclear lobby proliferation. These factors sharply reduced capital all the way down the 

energy supply chain, from production to end use, amplified the known global and EU challenges of climate change, energy 

security and the expansion of the EU’s power sector and enlarged uncertainty to the challenges of the energy sector: 

difficulties in obtaining credit and higher cost of capital, increased aversion to risk, paralysed credit markets, plunging share 

values have increased debt‐equity ratios, lower prices and cash flows have made new capitals less attractive, falling demand 

caused by economic recession has reduced enthusiasm for suppliers to invest. Access to liquid international financial 

markets is vital for a capital-intensive industry and the attempt to face it led to reforms to public expenditure and pricing and 

taxation policy in an effort to mobilise more revenue and restore macroeconomic stability and business confidence.  

At the end of 2010, Europe suffered from difficulties in three dimensions: Security of Energy Supply  (Europe has a very 

high dependence on external energy, exceeding 50%, which is expected to perhaps exceed 65% within 20 years), 

environment (Europe has assumed major environmental commitments that have led to important targets imposed to its 

member states) and competitively (ravaged by severe economic and financial crisis, Europe sees its growth threatened by the 

stagnation of business capital and of household consumption). 

(BdP 2017, EEB 2017, GBE 2017) 

4. Model 
 

Table 1- List of variables implicated in the model diagram 
Variable Description 

1X  
NewTecCons New technologies available to the consumer sector 

2X  
Measures Philosophy and political criteria 

3X  
NewTecProd New technologies available for the production sector 

1W  
DisrupTec Disruptive available technology 

2W  
SelfProd Decentralized production of electricity 

3W  
PricesFutureCons Forecasted future prices to the consumer of the diverse forms of energy to replace 

electricity 

4W  
GDP Gross Domestic Product 

5W  
PricesFutureProd Forecasting future prices to the producer of the diverse forms of primary energy 

to produce electricity 

6W  
CostUnitTecProd Unit cost, by technology of power plant 

1Z  
VarTecCons Changes in technology in the consumer sector 

2Z  
VarTecProd Changes in technology in the production sector 

3Z  
Supply Electricity quantity available for production 

4Z  
Losses Grid self-production and losses of the electricity sector 

5Z  
QuantElec Electricity quantity 

6Z  
MixEnergy Share of primary energy for electricity generation 

7Z  
IncentiveCons Government incentives for the consumption sector 

8Z  
IncentiveProd Government incentives for the production sector 

9Z  
PriceElec Average price of electricity to consumers defined by the tariffs (in the regulated 

system) or by the market (in liberalized regime) 

10Z  
TariffSupport Government incentives to the selling price of electricity 

11Z  
PricesFutureElec Future prices of electricity for the period under review 

1Y  
IntensEnerg Energy intensity of GDP 

2Y  
ConsElec Total electricity consumption 

3Y  
Demand Electricity demand 

4Y  
CostCons Consumer electricity costs, according to the price of electricity to consumers 

defined by the tariffs (in the regulated system) or market (in liberalized regime) 

5Y  
CostCitz Cost of electricity to citizens 

6Y  
CostElec Total cost of production, transmission and distribution of electricity 

7Y  
EnvPressure Emissions, land use and other environmental impacts of production, transport 

and distribution of electricity. 
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The DSS implemented can be generically represented by Figure 1. 

 

 
Figure 1- General Model 

 
 

5. Methodology and Case study for Portugal 
To characterise the electricity system it is assumed that electricity is a homogeneous product (i.e., impossible to differentiate 

it by the power plant or by the technology production). That way, the model neglects luxury, statute and deviated behaviours 

of consumers, considering that electricity is for basic needs, day-by-day activities, companies’ occupation and industry 

production. 

The forecast of electricity demand to the electricity grid is considered to be ruled by the mathematical equation: 

 

 
Where 

t - Year 

- demand forecast 

- Gross Domestic Product 
IntensEnerg  - Electricity energy intensity of GDP 

 - Demand elasticity 

 - Electricity price 

 - Electricity reduction by energy efficiency measures implemented. 

 

It is assumed that consumers react to electricity price variation, representing the smashing effect. It is assumed that the 

consumers react to GDP, representing the level of richness and the power purchase parity. It is assumed that the energy 

intensity is changing every year according to the natural evolution (improved and affordable appliances and technologies by 

each period), according to the reaction of consumption compared to the price (i.e., adjusting to the needs and comfort level) 

and according to the energy efficiency measures implemented in preceding periods. For the year, energy intensity is given 

by: 

 
The forecast of electricity demand to the electricity grid is accomplished through causal interpolation of historic data. All 

available historic data are illustrated in Erro! A origem da referência não foi encontrada. in appendix. The economic crisis in 

Portugal was at the second half of 2011, producing effects on the system in 2012 and been reflected in the tariff prices and 

costs of 2013. Thereby, the GDP and the average price values are 2013 constant values. 

Using multiple linear regression and apply it to the available data, it was possible to obtain the electricity demand forecast. 

Considering only the data before the economic crisis in 2011, the electricity demand forecast is: 

 
This is the BAU scenario shown in Figure 1. 

It is possible to see that consumer is highly dependent on GDP. For the Portuguese society, it was considered high level 

statute and signs of richness the abundance of gadgets and entertaining equipments. Also, in a small scale the consumer is 

dependent on the price variations, showing the electricity inefficiency of consumption. The electricity consumption didn’t 

have higher values because the successive Governments subsidised tariffs, creating an economic tariff deficit. 

Considering all the data and the effect of the economic crisis in 2011, the electricity demand forecast is: 
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This is the Efficiency1 scenario shown in Figure 1. 

It is possible to see that consumer is almost passive to price variations, proving a higher electricity efficiency consumption 

system. Even for significant price variations the electricity tariff costs to consumers, the electricity demand remains almost 

constant. The consumer reaction to GDP is also low because the higher the economic power the better efficiency appliances 

and equipments are bought by consumers. The system is more optimised, energy losses are scarce and consumers are more 

informed on their buys. 

Considering the impact of the economic crisis in 2011 and project the consumer reaction to the past, the electricity demand 

forecast is: 

 
This is the Efficiency2 scenario shown in Figure 1. 

It is possible to see that consumer is even more passive to price variations. This is because the efficiency level of the 

installation is higher, being a result of continuous years of avoiding electricity losses and accelerating the natural energy 

intensity of GDP. As in the Efficiency1 scenario, even for significant price variations the electricity costs remain almost 

constant. The consumer reaction to GDP is a little bit higher because with the higher economic power purchase  the more 

appliances and equipments for entertainment are bought by consumers, thereby the total consumption is higher even if the 

electricity costs on basic needs reduces. 

Figure 2 shows all the curves related to the previous scenarios. 

 

 

Figure 1 – Electricity demand scenarios 

In both Efficiency scenarios (the last two situations) the main advantage is that the consumer is not so connected to GDP, 

meaning that the economic power purchase doesn’t lead to an increase in consumption so high. The inconvenient is that the 

price signal to guide consumers is lost and it could degenerate in an increase due to the rebound effect. 

The year 2011 is the starting point for the scenarios Efficiency 1 and Efficiency 2. In the BAU scenario is foresee the 

demand evolution if there was no economic crisis. To respect the natural evolution of electricity demand, the micro 

production, mini production and self generation real data is not presented but it was taken into consideration. 

 

6. Policy considerations and guidelines 
Even in hard times there are good examples and unexpected behaviours. That is what happened in Portugal after 2011 crisis 

in the electricity sector. However this is a work in progress and a continuous process. Some factors, such as the rebound 

effect, the decrease of information and subsidised tariff prices could jeopardize the entire effort of the last years. Here there 

is a major role for policy makers. 

The policy makers are conscious about the impact of the energy efficiency measures. Reducing the electricity demand avoids 

energy waste and increases the renewable energy share in the production mix. 

Considering the available instruments for policy makers, the ones that suits best for Portugal in the present times is 

technological approach since the consumers are focused and informed. 
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In Portugal the focus should also be in the electricity production technologies and installed capacity. The role of wind energy 

is now stable and should remain that way. It is time to solar energy PV but without the high feed in tariffs that will increase 

the energy tariff deficit of the electricity system. 

 

7. Conclusions 
The economic crisis brought to front previous warnings about the wasted energy and previous measures to save energy in an 

easy way. These discussions were cross knowledge’s and scientific areas, leading to an increase of awareness and 

information to end consumers and sellers. 

Another effect was the actualization of the electricity tariffs (to avoid economic deficit) that turn the investments in energy 

efficiency and in the appliances update more appealing. 

Thereby, despite the general opinion on the aggravation of the efficiency patterns in the Portuguese economy, the opposite 

has happen: more and better implementations were made. 

These positive effects of the economic crisis in Portugal will continue to guide consumers to sustainable paths with good 

academic dissemination, informed media and focused law makers. 
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Abstract 
During the last decades, biomass-based materials derived from different types of natural resources have 
attracted great attention because of their availability and renewable nature. Biomass wastes from 
agricultural and forestry activities are renewable and sustainable but are still underutilized. The use of 
fibers, obtained from residues of lignocellulosic plants and organic biomass, respectively as 
reinforcement and matrix, in combustible composite materials, is a very interesting alternative to 
manufacture briquettes for use in heating boilers instead of conventional fuels. In this context, this work 
proposes a sustainable strategy that transforms waste into energy by developing composite materials 
(briquettes), fully biodegradable and compatible with environmental policies. Its composition is based 
on lignocellulosic fibers of leaves, stems and branches of Hedychium gardnerianum (Kahili ginger), an 
invasive plant in the archipelago of the Azores that causes serious environmental problems; and animal 
manure, easily available on farms and agricultural land. The results showed that the obtained briquettes 
have a heating value (HHV) of 18.79 MJ/kg), higher than that of wood (~ 15 MJ/kg) and other solid fuels 
such as herbaceous biomass (17,209 MJ/kg), corn stover (16,370 MJ/kg) and forest residue (15,402 
MJ/kg) On the other hand, Preliminary tests were performed in laboratory to estimate the amount of 
CO released into the environment due to the combustion of 1 kg of briquettes. A portable CO sensor, 
detecting CO concentrations up to 350 ppm was used and the results have shown a CO concentration in 
air of 52 ppm. The briquettes physical and morphological characterization was performed by Fourier 
Transform Infrared Spectroscopy (FTIR), Thermogravimetric Analysis (TG/DTG, mass change versus 
temperature), Differential Thermal Analysis (DTA, heat flow versus temperature) and Nitrogen 
Adsorption (BET) at 77 K. The development of composite materials (briquettes) obtained from Kahili 
ginger fragments (dispersed and reinforced phase) in animal waste (matrix-binder phase) is presently a 
very promising alternative to firewood, wood pellets and charcoal since they prevent deforestation as 
well. Besides, the proposed briquettes are lightweight and renewable in nature. They can be made in 
shape of uniform size, making it easy for the transport and store. 

Keywords: Composites, Briquettes, Kahili ginger, Lignocellulosic Fiber, Organic Biomass. 

 
1. Introduction 

The adverse effects of the huge use of fossil fuels on environment demand other sources of energy. 

Biomass forest-based materials are normally thought of as the selected energy source but biomass can 

also apply to animal dung or manures, or even both sources together. The abundance of underutilized 

biomass from agriculture and forest activities of primary economic sector represents a huge potential 

that could be harnessed and processed into a fuel source of renewable and sustainable energy. 
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Hedychium gardnerianum (Kahili ginger) (Fig.1A), a native plant from Himalayas, has been introduced as 

ornamental in the Azores (Portuguese archipelago located in the North Atlantic) but has become invasive 

and presently is a serious risk to the local biodiversity. Nowadays, Kahili ginger is the worst invasive 

plant in this region; it grows very easily and has no local predators. Stop the spread of an invasive is an 

impossible task and removing invasive plants trough cleanings of forests almost ends with a pile of 

biomass. Therefore, its use as raw materials (Fig.1B) for briquettes production gives them a purpose and 

creates a positive feedback. The same applies by looking at the huge quantities of caw manure or organic 

biomass waste, which are also unutilized. This approach fits both the concepts of energy sustainable 

and zero waste and besides, creates value in something that is discarded. The development of 

composite materials (briquettes) obtained from Kahili ginger fragments (dispersed and reinforced 

phase) in animal manure (matrix-binder phase) is presently a very promising alternative to firewood, 

wood pellets, and charcoal since they prevent deforestation as well. Besides, the proposed briquettes 

are lightweight and renewable in nature. 

 

Figure 1. A- kahili ginger in Azores (S. Miguel Island); B- harvested kahili ginger wastes. 

 
2. Methods 

The process begins by gathering forest waste and fresh cow fecal matter, respectively from treatment centers 

(municipal centers for waste treatment and landfills) and farms at S. Miguel Island (cattle excrement 

stabled or temporarily stabled). Composite materials were made from a mixture of Kahili ginger wastes 

(from leaves, stems, and branches) and agricultural residues  (animal-dung), respectively in the ratio of 

30:70 (wt %).  After sampling (mixing and grinding), the material (pulpy matter or folder)  was manually 

compressed in metal containers (prism-shaped or cylindrical) and placed to air-dry (Fig. 2)   at room 

temperature until a maximum remaining moisture content of 15%. 

 

 

Figure 2. Briquettes manufacture and final shape. 

 
3. Results and Discussion 

 
3.1. Chemical Analyses 

 
Proximate and ultimate analyses were achieved by suitable procedures described by Standard Methods. 

Animal-dung is a fecal matter that consists of organic compounds and fibrous material. Its chemical 

composition is essentially carbon, hydrogen, oxygen, nitrogen, phosphorus and urea (Munam et al., 
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𝐇𝐇𝐕 = 𝐋𝐇𝐕 + 𝒉 ( 
𝒏
 

2016) as well as cellulose, lignin, and hemicellulose. After drying, the mixture animal-dung/Kahili ginger 

wastes exhibits the chemical analysis present in Table 1. 

Table 1. Chemical analyses. 

 

Chemical analyses (wt %) Standard method Remarks 

Total moisture 12,7 EN 14774-1:2009 PROXIMATE 
ANALYSIS 

Ash d 10,2 EN 14775:2009 

Carbon d 46,8  

 
EN 15104:2011 

 
 
 

ULTIMATE 
ANALYSIS 

Hydrogen d 5,9 

Nitrogen d 1,3 

Oxygen d 35,5 EN 15296:2011 

Sulphur d 0,11  
EN 15289:2011 

Chlorine d 0,24 

ar - as received; d -dry basis; 

The fixed carbon content is a very important parameter in the briquette composition because its amount  

will directly influence the calorific value, there is a positive relationship between the carbon content  and  

the higher heating value, denoted HHV (Protásio et al., 2011) This, therefore, is a property based on the 

content of elemental analysis (C, H, O, N). However, the ash content (that is inserted in the fixed carbon 

calculation) has a negative effect on the final HHV value. There are several models in the literature that 

relate HHV  with the chemical, immediate and elemental analysis of solid fuels (Erol et al., 2010; Akkaya et 

al., 2009). There is a trend of HHV values are associated with higher percentages of H and C. Demirbas and 

Demirbas, 2004) found a highly significant correlation between the contents of C and H with HHV. 

 
3.2. Thermal analyses 

 
3.2.1 Calorific values 

Calorific values were achieved by several processes described by Standard Methods. The results are 

reported in Table 3 and are expressed in terms of Higher Heating Value (HHV) and Lower Heating Value 

(LHV). HHV is defined as the amount of heat released when the fuel is burnt. The heat of water 

condensation is included in the measured total heat. The LHV is defined as the net heat value and is 

determined by subtracting the heat of vaporization of the water vapor (generated during the combustion 

of the fuel) from the HHV (Meriçboyu et al., 1998). HHV is related to LHV by the equation: 

 

 𝒏𝑯𝟐𝑶 𝒐𝒖𝒕 
𝒗 

𝒔 𝒊𝒏 
) (2) 

where hv is the heat of vaporization of water, nH2O,out is the moles of water vaporized and ns,in is the 

number of moles of burning sample. 

Table 3. Calorific values 
 

Thermal analysis (MJ/Kg) Standard method Remarks 

Higher Heating 
Value 

(HHV) v, ,d 

 
18,790 

 
 
 

EN 14918:2009 

 

HHV, constant volume (v), 
dry basis 

Lower Heating 
Value 

(LHV) p,d 

 
17,510 

LHV, constant pressure. 
(p), 

dry basis 
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Lower Heating 
Value 

(LHV) p,ar 

 
14,980 

 
LHV, constant pressure 

(p), 
as received 

 

The proximate and ultimate analysis (C, H, and O), ash and the HHV obtained for the briquettes of this 

study are consistent with others published in the literature (Bech et al., 2009). For example, Protásio et 

al., 2011, have found a HHV of 19.14 MJ/Kg for eucalyptus chips exhibiting contents of C (48.20 %), O 

(45,04 %) and ash (0,25 %), comparables to this work with respect to the amounts of C and O. They also 

found that O is an essential element to promote the biomass combustion, although it does not 

contribute directly to improve HVV. However, despite the high value of C (46.8%) found in briquettes 

of this study, 10.2% of their ashes most likely contributed to the slightly lower value of HHV (18,79 

MJ/kg), since the mineral matter (ash) does not participate in the combustion process but is recorded 

in the mass of the fuel undergoing the burning process (Protásio et al., 2011). In the energy field, the 

wood that is traditionally called firewood has always offered a contribution as a source of energy. The 

heat power of the firewood (12% water) is 15.4 MJ/kg. However, there are many other fuels, which over 

the years have been used as energy sources, for example, petroleum coke with a HHV of 31 MJ/kg and 

coal with a HHV of 24 MJ/kg. From the environmental point of view, sustainability also depends on the 

energy matrix. This has been renewed through the introduction of new materials that have very good 

heat powers, are a natural resource and are biodegradable. In this context, the exploitation of natural 

fibers is included. The calorific value of the rice husk is 12,977 MJ/kg and that of the wheat straw is 

13,395 MJ/kg, and other solid fuels such as herbaceous biomass (17,209 MJ/kg) and corn stover (16,370 

MJ/kg). 

 
3.2.2 Burning qualities 

For determining the combustion behavior of briquette samples, tests in the physics lab (Department of 

Physics, Chemistry and Engineering Sciences), of Azores University were performed. An overview of the 

briquettes burning qualities and their combustion behavior is given in Table 2. 

Table 2. Burning qualities 
 

Burning Qualities Briquettes Behavior Burning Image 

Ignition behavior Dry briquettes ignite easily 
 

 

Combustion rate 
Slow and even; readily 
controllable 

Ember formation Long-lasting glow 

Heat release Long-lasting heat 

Optimal range of use 
Use in the fireplace for a few 
hours; as fuel in boilers 

Release unpleasant odors no 

 
3.2.3 Combustion Rate 

The average combustion rate (CR) is determined by the ratio between the total mass of burnt briquettes and 

burning time, as follow: 

 

𝐂𝐑 = 
𝒎𝒂𝒔𝒔 𝒐𝒇 𝒃𝒓𝒊𝒒𝒖𝒆𝒕𝒕𝒆 

𝒃𝒖𝒓𝒏𝒊𝒏𝒈 𝒕𝒊𝒎𝒆 

The average combustion rate was found to be ~ 4 g/min. 

(1) 
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3.2.4 CO Release 

Preliminary tests were performed in the laboratory to estimate the amount of CO released into the 

environment due to the combustion of 1 kg of briquettes. A portable CO sensor (COSMOS Personal Gas 

Monitor XC-2200), detecting CO concentrations up to 350 ppm was used and the results have shown a CO 

concentration in air of 52 ppm. This value is promising and is similar to that found by Pilusa et al., 2013 

(74 ppm CO), in a similar study of gas emissions from combustion of eco-fuel briquettes made from a 

mixture of biomass and coal fines, which burnt within the acceptable exposure limits as set out by the 

Occupational Safety and Health Agency (OSHA). 

 
3.2.5 TG/DTG and DTA 

Thermogravimetric analyses were performed with a Perkin Elmer Pyris Diamond TG/DTA apparatus. 

Alumina crucibles were used as the sample holder. Prior to analyses, samples were dried in an oven at 80 

ºC for 24 hours. For all the experiments, the heating rate was of 10 °C/min from 40 to 1000 °C, under 

air atmosphere and the initial sample mass was about 4,64 mg (weighted with an accuracy of ±0.001 

mg). Fig. 3 exhibit the thermogravimetric (TG) record (red line) together with the first derivative curve 

(DTG, green line) and the DTA signal (blue line). The TG curve can be subdivided into three different 

mass loss steps at specific temperature ranges. The first range, up to 200 °C (mass loss of about 7% of 

the total weight), consists in a progressive loss of residual water and moisture on the sample attributed 

to adsorbed water, since the sample has previously dried. The DTG peak temperature associated with 

this mass change is 50 °C. On further heating, the thermal decomposition was found to take place in two 

more successive stages. A weight loss of around 43% was observed in the second stage (200-400 °C) of 

the decomposition with a maximum decomposition peak at 325 °C. This loss of mass was mainly due to 

a progressive degradation of hemicellulose together with organic components, namely carbohydrates 

and aliphatic compounds (Gomez et al., 2007; Fernandez et al., 2012) and aromatic rings (El Ouaqoudi 

et al., 2014). The third stage begins with cellulose decomposition at around 400 °C, which decomposes 

slowly up to 1000 ºC accompanied by a mass loss of 35%. The final residue formed was of found to be 

15% of the total, which is consistent with the presence of ash. The lignin begins to decompose at low 

temperatures (Brebu and Vasile, 2010), at about 160 °C (Fig. 3), but as it is thermally very stable, its 

decomposition extending slowly to 1000 °C. For temperatures below 120 °C, the DTA curve shows that 

the reactions occurred up to 100 °C were endothermic and mainly attributed to the removal of moisture 

when the sample was heated. With the temperature increasing (> 150 °C), the DTA shows a large 

endothermic peak at 335 °C, attributed to the onset of pyrolysis (Yang et al., 2007). 

Figure 3. TG, DTG and DTA thermograms of Kahili ginger and organic biomass-based composite materials. 
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3.3. Infrared Spectroscopy (FTIR) 

The FTIR spectrum of the briquettes has been determined on a Perkin-Elmer FTIR spectrometer using 

KBr as background reference. The result is shown in Fig. 4 and present a variety of peaks, bands and 

shoulders in the mid-infrared, from 4000 to 600 cm-1, namely at: 3410 cm-1 (stretching vibration O–H and 

N–H in amino groups), 2921 cm-1 and 2895 cm-1 (respectively stretching of asymmetric (CH2) and 

stretching of aliphatic (C–H) ), 1654 cm-1 (stretching of amide I, C=O and C=C aromatic), a weak peak at 

1520 cm-1 (stretching of amide II: C-N stretching, N-H bending), 1420-1320 cm-1 (respectively, stretching of 

aliphatic C–C chain and stretching of OH of phenolics) and in the 1200–900 cm-1 range assigned to 

carbohydrates: 1150 cm-1 (stretching of C–O–C), 1080 cm-1 (stretching of -glucans), 1036 cm-1 (stretching 

of C–O) and 890 cm-1 (stretching of -glycosidic linkages) (Ravindran et al., 2013; Hussain et al., 2015, 

Bykov, 2008; Derkacheva and Sukhov 2008; Xu et al., 2012; Teh et al., 2014; Mochochoko et al., 2013; 

Boeriu et al., 2004; Bykov, 2008; Klien et al., 2010; Hu et al., 2014). This shows that the briquettes 

composition includes aromatic, phenolic, aliphatic and polysaccharide structures, in a good agreement 

with the lignocellulosic nature of Kahili ginger fragments (mostly cellulose, together with hemicelluloses 

and lignin) and the organic nature of the binder (Munam et al.,2016). 

 

 

Figure 4. FTIR of Kahili ginger and organic biomass-based composite materials 

 
 

3.4. Textural Characterization 

The Fig.5 shown the isotherms of adsorption and desorption of nitrogen of the as-prepared briquettes  (after 

drying). The isotherms are type V, according to the IUPAC classification, which is characteristic of 

mesoporous materials, with H3 type hysteresis (Braunauer, 1945; Rouquerol et al. 1999; Lowell and Shields, 

1991) which suggests that the internal porosity of the briquette is slit-shaped and panel-shaped. This means 

that the pore size is considered two-dimensional and three-dimensional.  These characteristics are beneficial 

because they lead to a reduction in gaseous diffusion keeping the solid longer in combustion. Therefore, 

compaction is a major factor in the quality of a biomass briquette and their behavior in combustion. The 

mesoporosity helps to explain the low combustion rate of 5 g/min, with the 
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same order of magnitude as other eco-fuel briquettes for domestic applications (Pilusa et al., 2013), 

demonstrating not only the importance of the type of pores present in the briquettes, its shape and 

dimensions, but also its availability for contact with the air and spread it through all the volume in a 

controlled manner, qualities enhanced by the distribution of voids that improve the time of combustion 

of these materials. 
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Figure 5. Adsorption isotherms for the Kahili ginger and organic biomass-based composite materials 

 
 

4. Conclusions 

In some final thoughts, the measured HHV was 18.79 MJ/kg, with a burning rate of 4 g/min. These 

properties make eco-fuel briquettes suitable for domestic applications. The development of composite 

materials (briquettes)  obtained from kahili ginger fragments (dispersed and reinforced phase) in animal 

waste (matrix-binder phase) is presently a very promising alternative to firewood, wood pellets, and 

charcoal since they prevent deforestation as well. Besides, the proposed briquettes are lightweight and 

renewable in nature. They can be made in shape of uniform size, making it easy for the transport and store.  
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Abstract
This paper aimed to assess the impacts of implementing an internal carbon price on the economic outturn of a Brazilian power
distribution company and on the energy tariff paid by end consumers. It includes simulations carried out according to Coelba’s
corporate planning model from the adoption of internal carbon prices associated with greenhouse gas emissions. This study
drew on the polluter pays principle to set the premises that consider the company’s full responsibility or the consumer’s full
responsibility and shared responsibility. The results show a decrease of 1% in the net income for every US$ 1.6 million to US$
1.7 million internalized under the company’s responsibility and an increase of 1% in the energy tariff for every US$ 18.6
million internalized under the end consumer’s responsibility. The economic and financial impacts can be significant on all the
responsible parties due to the implementation of the carbon price. In this respect, it is important that companies, consumers
and the government adopt proactive initiatives in order to reduce the impacts in a future pricing scenario. Some suggestions
for future studies are to take into account alterations in the consumption pattern, to analyze the cost-benefit of implementing
mitigation actions as variables in the analysis of carbon pricing, to compensate and to identify the existing correlation between
the impacts on the company and on the end consumer. Additionally, future studies can expand this type of study to other power
distribution companies and propose a general corporate planning model for all the companies.

Keywords: Climate change, electric sector, internal carbon pricing, GHG emissions, Brazil.

1. Introduction

The Paris Agreement was an important step towards a low-carbon economy. However, it depends on the implementation of

the actions set to reduce greenhouse gas (GHG) emissions, as agreed by the Parties in their nationally determined contributions

(NDCs).

Local policies are regarded as pivotal for the achievement of the global goal set to the reduction of GHG emissions (Azevedo

et al., 2017). Together with local policies, the fast growth of GDP and increasing GHG emissions have triggered the

international community to intensify the demand for the implementation of climate policies in developing countries (Aravena

et al., 2012; Rong, 2010). In this respect, some studies (Carbon Disclosure Project [CDP], 2017; International Energy Agency

[IEA], 2017; Silva Freitas et al, 2016) have forecast that, with the increasing demand for electricity, GHG emissions in

developing countries will account for more than a half of global GHG emissions by 2030. Some other studies (Ecofys, 2017;

IPCC, 2014; Vivid Economics, 2017; World Bank and Ecofys, 2017) identified that the demand for electricity has been largely

supplied by the generation of fossil fuel energy, one of the main sources of GHG emissions. In this context, IPCC (2014)

warns that the fight against climate change requires both the more efficient use of electricity and the decarbonization of the

electric sector.

The implementation of instruments for pricing carbon as part of climate policies has increased recently. Since 2015, after the

Paris Agreement, there have been greater expectations that these initiatives may spread throughout the world (CDP and

CEBDS, 2015; Narassimhan et al.,2017). According to OCDE (2016), about 13% of global GHG emissions are currently

covered by some pricing mechanism.

In this respect, carbon pricing is a policy instrument widely used to mitigate climate change (CDP and CEBDS, 2016; FGV

and EPC, 2016; IEA, 2017). Putting a price on carbon is a productive way of encouraging industries, companies and families

to consume energy more efficiently and to reduce GHG emissions (Li and Su, 2017). Besides, it helps to understand the total

costs or the real price of products and services (Azevedo et al., 2017; Véliz et al., 2017). Until 2017, forty-seven mandatory
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initiatives of carbon pricing were implemented, or programmed for implementation in the short term, by economies such as

UE, Canada, China, Japan and Chile (FGV and EPC, 2016; Vivid Economics, 2017; World Bank and Ecofys, 2017).

Reflecting the mandatory carbon pricing, the number of companies that voluntarily adopt internal carbon pricing and use it in

their management of risks and opportunities has increased (FGV and EPC, 2016). According to CDP (2017), 517 global

companies adopt internal carbon prices in order to prepare themselves for a possible impact of carbon pricing on investments,

operations and value chain. Besides, they use internal carbon prices as a way of encouraging the implementation of lower-

carbon-intensity initiatives.

A hundred and one countries, Brazil included, express in their NDCs the interest in adopting carbon-pricing initiatives to

achieve their goals (Walker and Swartz, 2016). However, Brazil’s NDCs do not make it explicit how the pricing instruments

will be used (FGV and EPC, 2016). However, some studies (Ang et al., 2016; Silva Freitas et al., 2016) warn that, in the short

term, the adoption of carbon pricing raises production costs and decreases the company’s competitiveness due to additional

costs to society such as a higher energy price and extra expenses to the company.

In agreement with these studies, Silva Freitas et al. (2016), Rahmana and Edwards (2004) and Véliz et al. (2017), grounded

on empirical estimation, demonstrate the influence of decarbonization policies on the energy price increase. On the other hand,

Adamana et al. (2011), Aravena et al., (2012), Bergmann et al., (2006) and Cheng et al., (2017) show that consumers from

Turkey, Chile, Scotland and Hong Kong did not mind paying more for electricity to support the implementation of climate

policies that could mitigate climate change. However, studies are needed to demonstrate the internalization of carbon prices

and help understand the total costs or the actual price of products and services.

This study attempts to fill this gap and it aims  to assess the impacts of the implementation of internal carbon pricing on the

financial outturn of a Brazilian power distribution company and on the energy tariff paid by end consumers. For this purpose,

various scenarios were simulated based on the carbon prices adopted by some countries and companies. These simulations

aimed at understanding the internalizations of the carbon price, in the contexts of voluntary and/or mandatory carbon pricing,

to be paid by a Brazilian power distribution company for emitting GHG in its activities.

This study used the corporate planning model adopted by the power distribution company to carry out the simulations. The

corporate planning model is the model that operationalizes a company’s business planning and supports decision-making in

both the long and short terms (Guimarães, 2005). This tool is designed to meet companies’ specific demands. Thus, it can be

adapted at any time to respond to a party’s demand, to changes inside and outside the company or to any other demand

(Bohnsack et al., 2014; Miller et al., 2014; Voelpel et al., 2004).

Besides analyzing future risks for investments, as pointed out by several reports (CDP and CEBDS, 2016; CDP, 2017; Ecofys,

2017; FGV and EPC, 2016; Vivid Economics, 2017; World Bank and Ecofys, 2017), this study shows the impacts of

internalizing the carbon price through the managerial instrument (the corporate planning model). Therefore, the main

contribution of this study is the assessment of the impact the implementation of a carbon price has on the company’s economic

outturn and on the electric energy tariff. From this assessment, managers of power distribution companies can support their

decision-making.  The created scenarios can be used as a support for a future regulation since they display the specific

variations of each internalized value and identify the existing pattern of these variations. However, it should be stressed that

the actual impacts on the company and on the end consumer will depend on the carbon price implemented.

This study also advances the investigation initiated by Torres et al., (2017). They presented Coelba’s GHG emissions

associated with the 2014 activities and compared them to the 2014 inventory of another Brazilian power distribution company

to identify the main sources of emissions in this sector.

This paper has five sections, including this Introduction. Section 2 introduces the concept and types of pricing mechanisms, a

panoramic view of the electric sector and its development; it also provides information on the tariff regulation in the electric

sector. In section 3, the methodological steps taken to achieve the aim of this study are presented. Section 4 comprises the
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results and their discussion. The last section presents the main conclusions and limitations of this study, as well as suggestions

for future studies.

2. Literature Review

2.1 Carbon Pricing

There is a consensus that carbon pricing will be able to guide the required economic transition in order to keep global

temperatures under the 2ºC of pre-industrial levels (CDP, 2017; CDP and CEBDS, 2016; Feng et al., 2011; Karier, 2015;

Jägemann et al., 2013; World Bank and Ecofys, 2017).

Carbon pricing is based on the polluter pays principle, which determines the responsibility and sets a price for GHG emissions,

internalizing the negative externality (CDP and CEBDS, 2015; Rahman and Edwards, 2004). This mechanism can be

implemented mandatorily, with the imposition of a fixed price to be paid for each ton of carbon emission (taxation), or by

creating a carbon credit, which can be traded on stock exchanges (Emissions Trading Schemes - ETS). This mechanism can

also be a voluntary action through the adoption of an internal carbon price (FGV and EPC, 2016; Vivid Economics, 2017).

Internal carbon pricing comprehends the definition of an internal price for greenhouse gas emissions. This pricing seeks to

adapt business strategies and future investment strategies as a way of anticipating a future scenario of mandatory pricing (FGV

and EPC, 2016; Narassimhan et al., 2017). In any carbon pricing mechanism, companies have several options to mitigate and

abate their emissions, with respective potentials to reduce the costs tied to them (Azevedo et al. 2017; CDP, 2015).

In the literature, the following motivations are cited for the implementation of an internal carbon price: i) identifying and

prioritizing more cost-effective mitigation measures, ii) raising awareness of employees, customers and service providers

about the impacts of the company’s actions and iii)  supporting investors’ and customers’ decision-making (CDP, 2015; CDP

and CEBDS, 2015). Matsumura et al., (2014) also regard the risk analysis carried out by investors as a motivation. Currently,

the analysis already comprises the carbon management each company implements. The authors give the example of Drax

(power distributor from the UK), which had its debts downgraded by Standard & Poor’s due to future risks of trade rules with

probable increases in carbon costs.

Okereke (2017), who classifies the internal pricing as a corporate activity of climate change, highlights some motivations and

drivers that made the companies of the FTSE 100 from UK adopt the carbon management. Some of the motivators are profit

increase, pro-activity related to credibility increase, risk forecast and ethics. Some of the drivers are the prediction of energy

increase, changes in the market, regulation and investors’ pressure.

When choosing an internal carbon price, companies can use the values adopted by ongoing emission trading systems, by

emission taxes or by hybrid systems as a reference. They can also use the prices already implemented by other companies with

similar internal carbon pricing goals. (FGV and EPC, 2016).

Iberdrola is an example of a company that adopts internal carbon pricing. It is a Spanish company, a global benchmark in the

electricity sector regarding the adoption of strategic actions to mitigate climate change. It uses an internal carbon price of

€30/tCO2e to assess the economic impact of CO2 emissions on its investments.

Currently, companies voluntarily adopt prices that vary between US$ 1 to US$ 357 per tCO2e, depending on the objectives

and premises adopted (CDP, 2017; Vivid Economics, 2017). The prices of mandatory mechanisms, on the other hand, vary

between US$ 1 to US$ 140/tCO2e (World Bank and Ecofys, 2017).

It is important to mention that 75% of the carbon pricing initiatives have a price lower than US$ 10/tCO2e. According to the

United Nations Global Compact (UNGC, 2016), the average carbon prices adopted by organizations are not enough to maintain

global warming levels under 2ºC, as stated in the Paris Agreement during COP 21. UNGC recommends a carbon price of at

least US$ 100/tCO2e until 2020 to comply with the goal.
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Some examples of initiatives implemented in several parts of the world, and that are used as a reference for the present study,

are:

 British Columbia is classified as the most significant carbon tax in the Western Hemisphere. It covers 75% of

British Columbia’s local emissions. This tax began in 2008 at CAD 10 per ton of CO2e, reaching the current price

of CAD 30 in 2012. The emissions of electric energy production are not taxed; however, this segment is responsible

for two percent of the total emissions stemming from fossil fuel combustion in British Columbia.

 Sweden is the oldest carbon tax, enacted in 1991. As the British Columbia tax, it is not applied to electric energy

production. However, different rates are applied to industrial and domestic consumers of electricity. Sweden uses

the carbon tax as a key political instrument to achieve carbon neutrality, a goal Sweden has committed to accomplish

until 2045.

 Chile was the  first country in South America with a pollutant-oriented climate tax. It has a reduced tax of US$5 per

ton of CO2. It is applied to industries and to the electric sector, which account for 55% of the country’s emissions.

 EU ETS (European Union Emissions Trading System): established in 2005, it is the largest initiative of carbon

pricing worldwide, with the largest carbon pricing income source. About 45% of EU’s total greenhouse gas

emissions are regulated by EU ETS.

Brazil has not implemented pricing mechanisms yet; however, it has already adopted a few actions in order to advance in the

discussion of the theme, as shown in Table 1.

Table 1. Evolution of carbon pricing in Brazil

Before this scenario, it is important that Brazilian companies adopt proactive strategies to anticipate the implementation of

carbon pricing in Brazil, in the near future, by simulating the impacts this measure can have on financial and economic outturn

and on the prices of products and services to end consumers.

Some authors claim that putting a price on carbon emissions results in additional costs to society, for example, Ang et al.,

(2016) assessed the cumulative impacts of U.K.’s energy and climate change policies on energy prices and forecast an increase

Year Action

2011
Definition of the Inter-ministerial Group of Work on Carbon Market, to analyze the feasibility and
the requirements for the implementation of the Brazilian Market of Emission Reduction.

2011

Conduction of studies for the assessment of possible configurations and impacts of carbon
pricing instruments in Brazil. Developed within the framework of the Partnership for Market
Readiness (PMR), these studies ware conducted by the World Bank to elaborate carbon-
market policies in several developing countries.

2012
Creation of the project “Options for mitigation of greenhouse gas emissions in Brazilian key
sectors”, developed between 2012 and 2015 to strengthen the technical capability of the
Brazilian Government for the implementation of mitigation actions regarding GHG emissions.

2013
Creation of the Working Group for Emission Registry to elaborate technical recommendations
for the creation of the National System of Emissions Registry and Removals by Sinks.

2014

Presentation of the “Proposal to Prepare the Market to PMR”, including three components: 1)
sectorial studies about the design and modeling of policies – carbon taxation and ETS for key
sectors, such as the energy sector (production of fuel and electricity) 2) modeling work of the
economic impacts of carbon pricing, and 3) engagement and mobilization with several
stakeholders.

2016
Organization of a technical workshop about the Post-2020 Scenarios of Mitigation and Modeling
of Carbon Pricing. The event aimed to engage the Brazilian interested parties in the
implementation of PMR.

2016

The beginning of the project “Policies on the Climate Change Program” in partnership with the
Federal Republic of Germany. The project, under the management of the German Agency for
International Cooperation (GIZ) and integrated with the PMR activities, aims to develop a
national program of GHG emission reports and the registry of GHG emissions/removals.

2017

Presentation of the private sector’s letter of endorsement to carbon pricing at COP23, written by
the Corporate Initiative on Climate with the support from the Carbon Pricing Leadership
Coalition (CPLC), an initiative of the World Bank. The document advocates the establishment of
a pricing mechanism suited to the characteristics of Brazil’s economy and the profile of GHG
emissions.
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of about 46% until 2020. Silva Freitas et al., (2016) also contributed by analyzing the impact of the carbon pricing policy in

Brazil. Their study encompasses several economy sectors and considers the full transfer of the tax burden to the consumers.

In their results, they identified that in the short term there is a significant reduction of the emissions, but it has a negative

impact on consumers, especially the poorest ones, due to the increase in the final price of the products.

However, Véliz et al. (2017) analyzed the impacts of the adoption of climate policies in Massachusetts and concluded that,

even without the implementation of market mechanisms, such as carbon pricing, the-2°C increase in the average global

temperature will lead to higher electricity expenses. Both the residential and commercial consumers will experience an increase

of 12% and 9%, respectively.

Additionally, Deschênes and Greenstone (2011) concluded that the temperature rise will lead to an increase of 11% in the

annual consumption of residential energy by the end of the century. Climate change affects the need for heating and cooling,

and consequently the demand for electricity, and the final cost of electric energy (Pilli-Sihvola et al., 2010).

Thus, Rahman and Edwards (2004), following the polluter pays principle (PPP), suggest sharing the economic externality

charges with the responsible parties. They support this argument by demonstrating that the energy production is not only

profitable for the company, it also ensures the satisfaction of the final consumers’ needs and the maintenance of their lifestyle.

In agreement with Rahman and Edwards (2004), Iberdrola (2017) argues that the best and most efficient way of decarbonizing

the economy is to make all consumers pay a tax for the amount of CO2 each one emits.

2.2 Tariff Model and Regulation of the Brazilian Electric Sector

The current model of the Brazilian electric sector was implemented as a response to the sector crisis that led to the energy

rationing in 2001/2002. The pillars of this model were: security of the electric energy supply; tariff moderateness, by efficiently

contracting energy services; and social inclusion, through the programs of universal access and service (Tolmasquim, 2015).

In this context, although the Brazilian Electricity Regulatory Agency (ANEEL, acronym in Portuguese) had already been

created in 1996, its role was reaffirmed by the state regulation of the electric power public service.

The transition from the previous model of indicative planning to the new model with determinative planning was followed by

a major participation of thermal sources (Amaral Filho, 2007). Even though the Brazilian electric energy matrix is mostly

composed of hydroelectric sources, the percentage participation of this source decreased from a level of over 80% in 2000 to

68% in 2016 (EPE, 2017). The particular characteristic of the Brazilian energy matrix causes a series of difficulties to the

planning of the electricity system regarding the energy security, tariff moderateness and price volatility.

The tariff moderateness became fragile, especially to face water scarcity, by the implementation of centralized mechanisms in

the risk management of the energy wholesale market. Recent proposals seek to adequate the sector model to these changes in

the regulatory, commercial and operational framework, as well as to those provoked by technological and socio-environmental

pressures (MME, 2017).

Thus, according to recent proposals, customers who are currently regulated and supplied by power distributors will soon be

able to customize the management of their energy consumption (ANEEL, 2017a).

Some of the measures suggested by the Brazilian Ministry of Mines and Energy (MME, acronym in Portuguese), reporting on

the Consulta Pública nº 33/2017 (Public Consultation), are: i) implementation of binomial tariff and the legal authorization for

both the definition of different tariffs according to the period of consumption and the prepayment of electric energy; ii) Easing

the access restrictions to the free market and the conduction of studies for the market opening to those with lower voltage; iii)

Possibility of having separate contracts for generation capacity (ballast) and for energy; iv) Development of a market

mechanism for the valuation of environmental attributes, for example, minimum requirements in power contracts for each

consumer, and others.
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In 2017, ANEEL created an optional tariff for regulated consumers, offering a discount during off-peak hours and rising the

tariff during peak hours. Before that, the system of tariff flags sought to transfer to the regulated consumer an economic sign

of the cost of electric power generation in the country (ANEEL, 2017b).

Nonetheless, the Government is working to implement prices according to peak hours in 2019, indicating a major efficient use

of the electricity system by free consumers as well.

According to ANEEL (2016b), the energy tariff must afford the quality of energy supply and cover the operational costs of

service providers. It must also afford the necessary investments on the expansion of the company’s capacity so that it can meet

the demands for electricity.

The annual tariff readjustment is one of the mechanisms to update the energy price paid by consumers. It is applied annually

in order to help the company re-establish its purchasing power. It includes: i) unmanageable costs, such as generation costs

(the purchase of power for resale), transmission costs, and sectorial charges (called Part A); and ii) costs directly managed by

the company, which depend on the actions taken by the company (called Part B). There is also the incidence of taxes in the

composition of the final energy tariff (ANEEL, 2016a).

ANEEL (2016a) estimates that the average energy tariff in Brazil is composed of 53.5% of unmanageable costs, 29.5% of

taxes and 17% of manageable costs.

Unmanageable costs are fully transferred to the tariff, except transmission and distribution losses, which are limited by a

regulatory percentage. On the other hand, manageable costs are updated and transferred to the tariff after deduction of

productivity gains from the distribution activity (ANEEL, 2016a).

Transmission and distribution losses, either technical or non-technical, are under regulatory percentage defined by ANEEL

(Brazil, 2015). When the loss percentage is above the regulatory standard, the extra value is classified as Part B and the limit

value is classified as Part A.

Both the sectorial charges and taxes are regulated by law, collected by companies through the energy tariff, and transferred to

the proper government bodies, which are responsible for their application as determined by regulations and policies. The

sectorial charges are a means of enabling public policies for the Brazilian electric sector. Its aims, coverage and calculation

method are pre-defined. Currently, there are eight sectorial charges in Brazil (ANEEL, 2016b).

The energy tariff is calculated through the Index of the Annual Tariff Readjustment (IRT, Portuguese acronym). It is composed

of the required annual rate (RA1) and the annual rate from the latter readjustment, which is known as reference rate (RA0).

The annual rate (RA1) constitutes the new rate of the company by the deadline of readjustment and results from the addition

of Parts A and B (ANEEL, 2016a).

The Index of the Annual Tariff Readjustment is calculated according to the following formula: [required annual rate (RA1) /

reference rate (RA0)] - 1.

3. Methodology

The simulations of carbon price internalization were carried out with the data belonging to the Electricity Company of Bahia

State – Coelba. Coelba is the third largest Brazilian power distribution company in number of customers and the sixth largest

in volume of power distribution (ANEEL, 2016b). It is part of the Neoenergia Group, which participates in all segments of the

electric sector and is the largest group in the Brazilian and Latin-American electric sector in number of customers (Neoenergia,

2017). Regarding Neoenergia’s shares, through the equity method, Iberdrola holds 50.51% of Coelba’s shares. Iberdrola is a

Spanish group that is the benchmark for wind energy. It is also the benchmark for the implementation of actions that contribute

to decarbonization of the electric sector (CDP, 2015).
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The model (topic 3.1) adopted in this study to simulate the internalization of carbon prices by Coelba is called Corporate

planning model (CPM). In order to classify each one of Coelba’s sources of carbon emission (topic 3.2), this study used the

company’s 2014 inventory of GHG emissions and adopted three premises according to the polluter pays principle (PPP).

The carbon price selection (topic 3.3) encompassed the adoption of two pricing mechanisms and the creation of scenarios. For

do this, it was utilized  carbon prices adopted by some countries and some companies in order to simulate the internalizations

of the prices Coelba needed to pay for the GHG emissions generated by its activities in a context of mandatory or voluntary

carbon pricing.

3.1 The economic and financial model adopted

Figure 1 displays the structure of the corporate planning model used in this study to simulate the impact of implementing an

internal carbon price. This corporate planning model was developed by Coelba’s professionals from several fields (planning,

regulation, market, and others) based on macroeconomic, regulatory, market, financial, technological and environmental

premises defined by the company and by the regulation of the electric sector.

This corporate planning model encompasses themes, whose information is provided by the competent fields, and enables

economic and financial assessments, as well as it provides several reports, such as the income statement, cash flow and balance

sheet. The model also provides indicators and carries out simulations with premise variations in order to help decision-making.

Figure 1. Model of Corporate Planning – Coelba.

Neoenergia’s Forecasting Board frequently improves forecast methodologies to satisfy new premises or to enhance the process,

as predicted by Bohnsack et al. (2014), Miller et al. (2014), and Voelpel et al. (2004). Two members of this board helped in

the parameterization of the corporate planning model to enable the carbon price internalization, based on Coelba’s GHG
inventory.

In the parameterization, consumers would pay a created charge to subsidize the compensations of GHG emissions associated

with the electric sector. It followed the same principles of other sectorial charges created by ANEEL (2016b) and categorized

in the regulatory theme. The simulations had the same economic and financial premises adopted in the corporate planning

model, but the values were fictitious. The scenario without internalization was named as “case base”.
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3.2 Categorization of emission sources

The company’s GHG inventory, elaborated by Torres et al. (2017) and corresponding to its 2014 activities, served as the input
of the corporate planning model. Although the company had more updated data on emissions, we decided to use the 2014 year

because it comprises more sources of emissions than the other years.

Table 2 presents the sources of emissions identified in Coelba’s inventory together with their scopes and detailed information

used for calculation. It also presents the classification of each premise used in this study.

CDP and CEBDS (2015) and Rahman and Edwards (2004) stress that the internalization of carbon price depends on

determining the responsibility of externalities. Therefore, following the polluter pays principle, the classification of each

emission source was based on three premises: 1) shared responsibility between the company and consumers; 2) the company’s
full responsibility, and 3) the consumer’s full responsibility.

This study set three premises to classify each source of emission, following the polluter pays principle. Although Rahman and

Edwards (2004) advocate dividing the costs of carbon emission internalization between the company and consumers and

Iberdrola advocates transferring the costs to consumers.  It was not possible to find studies that conclude who is responsible

for emissions of each agent involved in the energy segment (company x consumers). Thus, the created premises set different

scenarios of classification, which can be implemented in future regulations.

In premise one – Current regulation of the Brazilian electric sector (status quo): the company and consumers share the

responsibility. It follows the same understanding of the current tariff regulation: the company is responsible for the

performance of the activities it manages (Part B) and the costs of the generation and transmission chains are transferred to the

end consumers.

Thus, all the sources of emission under the company’s responsibility were classified as operational expenses. The emissions

associated with the consumers’ demand were classified as energy sectorial charges (ANEEL, 2016a). In this regard, two types
of classification were used: i) sectorial energy charges, which considers the creation of a new charge consumers would pay for

the emissions generated from their demands; and ii) operational expenses, which considers the company’s emissions sources.

Shared responsibility is advocated by both scholars, such as Mishan (1971), Rahman and Edwards (2004) and Randal (1972),

and companies, such as Iberdrola (2017).

In premise two – The company’s full responsibility: the power distribution company pays for all the costs of the internalization
of GHG emissions. In this case, all the values are classified as operational expenses.

In premise three – The consumer’s full responsibility: the end consumer pays for all the costs of emissions generated in the
process of delivering the energy to its final destination. In this case, all the values are classified as energy sectorial charges.

Table 2. Classification of the emission sources1

1 OE – Operational expenses / SC – Energy sectorial charges

SCOPE CATEGORIES WHAT IT COMPRISES  tCO2

 P
RE

M
IS

E 
1

 P
RE

M
IS

E 
2

 P
RE

M
IS

E 
3

SCOPE 1 Stationary combustion Diesel for generators               0,40

SCOPE 1 Mobile combustion Fuel consumption by own vehicles and vessels and by those hired under
operational control of the company

       4.344,55

SCOPE 1 Fugitive emissions CO2 fire extinguishers               0,39
SCOPE 1 Fugitive emissions SF6 emissions from electric equipment        1.140,00
SCOPE 2 Power purchase Electricity consumption by administrative and operational units        2.122,66
SCOPE 2 Power purchase Transmission and distribution losses (T&D) - Up to regulatory percentage     397.487,55 SC
SCOPE 2 Power purchase Transmission and distribution losses (T&D) - Above regulatory percentage       63.990,86 OE

SCOPE 3
3- Activities associated with fuel
and energy not included in Scopes
1 and 2

Power distributed to consumers, not including technical energy losses neither
own consumption  2.505.494,42 SC

SCOPE 3 4- Transport and distribution Transportation and distribution of acquired products in vehicles and facilities
that do not belong to or are not operated by the company

      11.501,82

SCOPE 3 5- Residues from operations Treatment and/or disposal of solid residues        8.822,38
SCOPE 3 6- Business trips Personnel trips to business activities of the company           716,90
SCOPE 3 7- Personnel commute Journey that the personnel does from home to work        1.150,12

2.996.772,03

OE

OE SC

OE

TOTAL
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3.3 Selection of carbon price

As reference prices for the internalization, this study adopted two pricing mechanisms: emission taxation, specifically the taxes

adopted by Chile, British Columbia and Sweden; ii) internal carbon pricing: the price traded by EU ETS, the internalized value

in the analyses of Iberdola’s investments, and the price recommended by UNGC.

The references are comprehensive since the approaches to the use of internal pricing depend on the objectives and premises

adopted by the company.

Table 3 presents the scenarios created to analyze the impacts of carbon-pricing internalization on the company’s outturn and
on the energy tariff paid by consumers. It also displays the pricing mechanisms of each selected price and both the local

currency and their corresponding values in US dollars (US$/tCO2).

Table 3. Carbon prices2

Table 4 shows the total emissions (tCO2) segmented into operational expenses and energy sectorial charges for each premise,

according to the classification in Table 2. Table 4 also provides details of the internalized prices, complying with their

corresponding classifications and selected values (R$/tCO2) for each scenario (see Table 3).

Table 4. Emissions (tCO2) x carbon prices (R$)

The prices in each scenario are calculated by multiplying the total emissions by the value (US$/tCO2) defined in the scenario.

For instance: premise 2 – Operational expenses – 2,996,772 tCO2 x R$ 24 (the price in scenario 2) / 1 million (to convert the

measure unit into million) = US$ 72.2. It should be mentioned that only premise 1 has two classifications and, therefore, its

emissions are segmented.

4. Results and discussions

The income statement available in the corporate planning model (Table 5) shows the impacts of the internalization of GHG

emissions on Coelba’s net income based on scenario 2. The same procedures were adopted for the internalization in all

scenarios.

2 Currencies: US$ - dollar / CAD$ - Canadien dollar / € - Euro

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

278



According to ANEEL (2016a), unmanageable costs (Part A), classified in the present study as sectorial charges, are fully

transferred to end consumers, that is, they do not have an impact on the company’s outturn and they are not presented in the

income statement.

Table 5. Impacts of the internalization of emissions on net income – Scenario 2

The emissions internalized in premises 1 and 2 (see Table 4), as operational expenses under the company’s responsibility and

corresponding to the values US$ 2.2 million and US$ 72.2 million respectively, led to a decrease of US$ 2 million and US$

63.6 million in the net income. On the other hand, the emissions internalized in premise 3 were classified as under the

consumer’s responsibility and did not have any impact on the company’s outturn.

Table 6 illustrates how the Index of the Annual Tariff Readjustment is calculated, as set by ANEEL (2016a). The income

statement shows the impacts of the internalization of GHG emissions on the energy tariff. In this case, only the emissions

classified as sectorial charges – under consumers’ responsibility – are shown. As in the income statement, scenario 2, with its

premises, serves as a model.

The reference value of the last readjustment (RA0) is the same. However, RA1 varies as a result of the internalization of the

emissions classified as energy sectorial charges in premises 1 and 3, with values of US$ 70 million and US$ 72.2 million,

respectively.

The Index of the Annual Tariff Readjustment shows the impacts on the energy tariff: 3.8% in premise 1 and 3.9% in premise

3. Based on these readjustments, an average tariff previously costing US$ 126 USS/MWh would reach US$ 130.6/MWh and

US$ 130.7/MWh, respectively.

Table 6. Impacts of the internalization of emissions on the energy tariff - Scenario 2

Figure 2 displays the variations identified in Coelba’s net income and in the energy tariff of all the scenarios of the

internalizations carried out in this study.

Premises 1 and 3 had similar results regarding the impact on the energy tariff since the classification of emissions was also

similar. Variations are more evident in scenarios with higher internalized values, such as in scenario 3. Premise 1 has emission

sources classified as operational expenses, but 97% of them are classified as sectorial charges.

Although premise 1 considers the shared responsibility between the company and the consumer, the starting point of its

classification was the regulation of the Brazilian electric sector. Currently, the highest costs of a power distributor are

transferred to the end consumer (ANEEL, 2016b).
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Premise 2 displays only the variations in Coelba’s net income since all the emissions were classified as operational expenses.

The results show a decrease of 0% to 289% in the net income when emissions are classified as operational expenses. They

also show an increase of 0.8 to 27.1% in the energy tariff when emissions are classified as energy sectorial charge. The

deviations identified between the scenarios are similar to the differences of the values adopted by the pricing mechanisms,

either voluntarily or mandatorily (CDP, 2017; Vivid Economics, 2017; World Bank and Ecofys, 2017). Considering the three

premises together, 67% of the scenarios (12) had an expressive increase in the energy tariff.

Figure 2 – Variation of net income x energy tariff

Whilst Figure 2 displays the specific variations of each internalized value, Table 7 shows the patterns of variation regardless

of the internalized value. This is a managerial perspective and can be a parameter for a general analysis. In this case, the

percentage numbers are not analyzed in its magnitude since real impacts on the company and end consumers depend on the

carbon price adopted.

The index set to this analysis was US$ million / %. It represents the value to be internalized so that there is an impact of 1%

on the net income and on the energy tariff.

Table 7. Impacts of internalizations

It can be noted that for every US$ 1.6 million to US$ 1.7 million under the company’s responsibility the net income decreases

by 1%. In this case, there is a slight variation of the index, stemming from the economic and financial premises set in the

corporate planning model. The index of US$ 1.7 million / % is identified only in the scenarios in which greater values were

internalized (scenarios 3, 5 and 6 in premise 2).

For the energy tariff, the index was US$ 18.6 million / %. For every US$ 18.6 million internalized under the end consumer’s

responsibility, there was an increase of 1% in the price of the energy tariff.

PREMISE CLASSIFICATION
SCENARIO 1

(US$ 5)
SCENARIO 2

(US$ 24)
SCENARIO 3

(US$ 168)
SCENARIO 4

(US$ 7)
SCENARIO 5

(US$ 36)
SCENARIO 6

(US$ 100)

Expenses (US$ MM) 0 2 16 0.7 3 9

Net income reduction  (%) 0 -1 -10 0 -2 -6

Impact on net income (US$ MM / % ) -1.6 -1.6 -1.6 -1.6 -1.6 -1.6

Energy cost (US$ MM) 15 70 488 20 105 290

Increase in tariff (%) 0.8 3.8 26.2 1.1 5.7 15.6

Impact on tariff (US$ MM / % ) 18.6 18.6 18.6 18.6 18.6 18.6

Expenses (US$ MM) 15 72 503 21 108 300

Net income reduction  (%) -9 -44 -289 -13 -66 -180

Impact on net income (US$ MM / % ) -1.6 -1.6 -1.7 -1.6 -1.7 -1.7

Energy cost (US$ MM) 15 72 503 21 108 300

Increase in tariff (%) 0.8 3.9 27.1 1.1 5.8 16.1

Increase in tariff (US$ MM / % ) 18.6 18.6 18.6 18.6 18.6 18.6

PREMISE 1

PREMISE 2

PREMISE 3
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The analyses of this study consider the internalization of GHG emissions only in a static scenario. However, they comprise

other variables such as: alterations in the consumption pattern due to climate change, assessed by Pilli-Sihvola et al. (2010),

the impact of this consumption pattern on the energy tariff (Deschênes and Greenstone 2011), and the influence of climate

events on economic outturn (Dell et al., 2014).

5. Conclusions

This study aimed to assess the impacts of implementing an internal carbon price on the economic outturn and on the energy

tariff paid by the end consumer. Coelba’s GHG emissions were classified according to the polluter pays principle, considering

the unilateral responsibility (the company or the consumer) and shared responsibility (the company and the consumer). Some

carbon prices of mandatory and voluntary pricing mechanisms were used to internalize the emissions, which was carried out

in the corporate planning model adopted by Coelba.

The results show a decrease of 1% in the net income (US$) for every US$ 1.6 million to US$ 1.7 million internalized under

the company’s responsibility. Regarding the energy tariff (US$/MWh), there was an increase of 1% for every US$ 18.6 million

internalized under the end consumer’s responsibility. Depending on the carbon price adopted, and consequently on the

internalized values, the economic and financial impacts can be significant for both the company and the end consumer.

These results are a warning that power distributors should manage carbon, even without being obliged to, and anticipate future

regulations by implementing the voluntary pricing. This statement is based on Brazil’s scenario: i) a developing country with

audacious goals regarding GHG emission reduction, committed in the Paris Agreement; ii) a country that has implemented

measures in the electric sector to make the end consumers autonomous in the control of their consumption; iii) a country that

has not decided yet on the implementation of pricing mechanisms, but that has advanced in the discussion and concern with

the subject.

It is important that companies seek to respond proactively, through corporate governance, to the impacts and risks of GHG

emissions. A way of doing this is to implement a financial-economic planning model that includes a variable of emissions, as

demonstrated in this study. Currently, the emission risk analysis is used to select investments and therefore it does not have a

systemic view that takes into account the impacts on the company.

From the consumers’ slant, it is pivotal that the demand management mechanisms made available by the electric sector are

used immediately so that they can identify their consumption pattern and adapt themselves to future regulations and probable

alterations in the energy tariffs. From the government’s perspective, it is essential to analyze the impacts of implementing a

pricing policy on both the environment and on society so that its implementation achieves the reduction of GHG emissions

and is just for the nation.

Although this study could not identify a correlation between the impacts on the end consumer and on the company, it is

important to stress that the increase in the energy tariff also has implications for the company. Currently, Brazil has 12% (about

8 million) of residential consumers categorized as low-income consumers; specifically regarding Coelba, it reaches a greater

percentage, 22%. These clients have a monthly per capita income of up to US$ 280 and have the benefit of paying a reduced

energy tariff, which is subsidized by the other consumers, through the sectorial charges. However, the average per capita

income in Brazil is US$ 370. As most of the developing countries, Brazil has a great income concentration.

Before this scenario, in which the increase in the energy tariff affects mainly the low-income consumers, it is expected that

companies have negative effects on their indexes, such as commercial losses and non-payment of bills. Besides, these indexes

are complementary. Actions to prevent losses result in the incorporation of clients with greater propensity to non-payment of

bills. Similarly, when actions to prevent non-payment of bills, such as suspension of services, there is an increase in the theft

of electricity.
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Losses indexes and non-payment of bills have a direct impact on the energy tariff, raising an additional concern about the

definition of a pricing policy. Such questioning shows the importance of debating the implementation of measures that can

enable the transition towards a low-carbon economy together with compensatory tax measures, particularly for the low-income

population.

This study makes an important contribution to the electric sector since other studies do not present the internalization of carbon

prices in a structured and managerial way to identify impacts on companies and on society. Although this study broadens the

knowledge on the impacts of implementing internal pricing mechanisms, its results should be taken within the context of its

limitations. The simulations were based on prices selected by researchers and had different impacts on companies and end

consumers. Different prices also have different impacts on the company and on the end consumer. However, these results,

presented from a managerial perspective, equalize the impacts regardless of the values used.

Besides, although the premises regard very different scenarios, they can be different from a future pricing scenario. It should

also be highlighted that the corporate planning model used to carry out the simulations, even following the regulatory model

of the Brazilian electric sector, can have Coelba’s own economic and financial premises. Finally, it is important to say that all

the results take into account the internalization of emissions as a whole. However, the tax payment, the internal pricing or

other initiatives of emission compensation must take into account only the emissions that cannot be avoided by the company

in its mitigation initiatives.

In this context, future studies can expand the analysis of carbon pricing beyond compensation and consider other variables

such as:

1) Alteration in the consumption pattern. Some studies have already shown that climate change itself tends to alter this

pattern. Another aspect that will have an influence is the prospective management of consumption by the end energy user after

the implementation of current proposals by ANEEL and the MME. Therefore, it is important to analyze the correlation between

the consumption pattern alteration and the energy tariff.

2) Cost-benefit of the resources allocated to initiatives of GHG emission reduction.  This is a key variable for companies

to choose between mitigation and compensation of emissions. Concerning this topic, short-term and midterm impacts should

be taken into account since most of the time the implementation of mitigation actions can entail additional costs in a year but

can have positive impacts in the following years.

3) Correlation between the impacts on the company and on the end consumer. Even in a scenario of consumer’s full

responsibility, the company will experience indirect impacts. Hence, it is essential to analyze the existing correlation and the

possible impacts on operational, commercial and other indexes.

Additionally, it would be interesting to expand this study to other Brazilian power distribution companies. The comparison

between different companies can reveal existing similarities and differences of the premises adopted in each corporate planning

model. Based on this analysis, it would be possible to suggest a general model that could be adopted by any Brazilian power

distribution company.

References

Adaman, F., Karalı, N., Kumbaroğlu, G., Or, İ., Özkaynak, B., & Zenginobuz, Ü., 2011. What determines urban households’
willingness to pay for CO2 emission reductions in Turkey: A contingent valuation survey. Energy Policy, 39(2), 689-698.

Amaral Filho, J. B. D. S., 2007. A reforma do Setor Elétrico Brasileiro e a questão da modicidade tarifária. Tese de doutorado,
UNICAMP, Campinas, São Paulo, Brasil.

ANEEL., 2016a. Por dentro da conta de luz website:〈http://www.Aneel.gov.br/documents/656877/14913578/Por+dentro+da+conta+de+luz/9b8bd858-809d-478d-b4c4-
42ae2e10b514 〉 (11.20.2017).

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

282



ANEEL., 2016b. Informação de consumidores website: 〈http://www.Aneel.gov.br 〉 (02.01.2016).

ANEEL., 2017a. Programas setoriais website: 〈http://www.aneel.gov.br/programas-setoriais〉 (03.01.2018).

ANEEL., 2017b. Tarifa branca website: 〈http://www.aneel.gov.br/tarifa-branca〉 (03.01.2018).

Ang, C. P., Toper, B., & Gambhir, A., 2016. Financial impacts of UK's energy and climate change policies on commercial and
industrial businesses. Energy Policy, 91, 273-286.

Aravena, C., Hutchinson, W. G., & Longo, A., 2012. Environmental pricing of externalities from different sources of electricity
generation in Chile. Energy economics, 34(4), 1214-1225.

Azevedo, I., Horta, I., & Leal, V. M., 2017. Analysis of the relationship between local climate change mitigation actions and
greenhouse gas emissions–Empirical insights. Energy Policy, 111, 204-213.

Bergmann, A., Hanley, N., & Wright, R., 2006. Valuing the attributes of renewable energy investments. Energy policy, 34(9),
1004-1014.

Bohnsack, R., Pinkse, J., & Kolk, A., 2014. Business models for sustainable technologies: Exploring business model evolution
in the case of electric vehicles. Research Policy, 43(2), 284-300.

Brasil. Ministério do Meio Ambiente., 2015. Apresenta a INDC do Brasil website:〈http://www.mma.gov.br/images/arquivo/80108/BRASIL%20iNDC% 20portugues%20FINAL.pdf 〉 (06.05. 2017).

Cheng, Y. S., Cao, K. H., Woo, C. K., & Yatchew, A., 2017. Residential willingness to pay for deep decarbonization of
electricity supply: Contingent valuation evidence from Hong Kong. Energy Policy, 109, 218-227.

CDP., 2015. Rotas de precificação de Carbono website: 〈http://www.cdpla.net/sites/default/files/carbon-pricing-pathways-
2015%20PT-BR_0.pdf 〉 (06.05. 2017).

CDP., 2017. Putting a price on carbon: Integrating climate risk into business planning website: 〈https://www.actu-
environnement.com/media/pdf/news-29828-prix-carbone-entreprises-cdp.pdf. 〉 (06.05. 2017).

CDP & CEBDS., 2015. Navegando por cenários de precificação de carbon website: 〈http://cebds.org/wp-
content/uploads/2015/10/CDP_Cebds_Guia_precificacao_carbono.pdf 〉 (06.05. 2017).

CDP & CEBDS., 2016. Precificação de Carbono: o que o setor empresarial precisa saber para se posicionar website:〈http://cebds.org/publicacoes/precificacao-de-carbono-o-que-o-setor-empresarial-precisa-saber-para-se-
posicionar/#.Wk62yFWnHIU〉 (08.15. 2017).

CEBDS., 2017. Carta de apoio do setor privado à precificação de carbon e lançada na COP23 website:. 〈
http://cop23.cebds.org/carta-de-apoio-do-setor-privado-a-precificacao-de-carbono-e-lancada-na-cop23/〉(06.05. 2017).

Dell, M., Jones, B. F., & Olken, B. A., 2014. What do we learn from the weather? The new climate-economy literature. Journal
of Economic Literature, 52(3), 740-98.

Deschênes, O., & Greenstone, M., 2011. Climate change, mortality, and adaptation: Evidence from annual fluctuations in
weather in the US. American Economic Journal: Applied Economics, 3(4), 152-85.

Ecofys., 2017. Sectoral Greenhouse Gas Emission Reduction Potentials in 2030 website:. 〈
https://www.ecofys.com/files/files/ecofys-2017-sectoral-ghg-emission-reduction-potentials-2030.pdf. .〉(11.26.2017).

EPE., 2017. Balanço Energético Nacional website:. 〈 https://ben.epe.gov.br/downloads/Relatorio_Final_BEN_2017.pdf.〉(
08.30.2017).

Feng, Z. H., Zou, L. L., & Wei, Y. M., 2011. Carbon price volatility: Evidence from EU ETS. Applied Energy, 88(3), 590-
598.

FGV & EPC., 2016. Diretrizes empresariais para precificação interna de carbon website:〈http://mediadrawer.gvces.com.br/epc/original/depic_material-introdutorio-vf.pdf.〉 (09.22.2017).

Guimarães, H. M. R., 2005. MAN – Modelo de avaliação de negócios. Salvador: Edição do autor.

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

283



Iberdrola., 2017. Informe de Sostenibilidad. 2016 website:〈https://www.iberdrola.com/wcorp/gc/prod/es_ES/corporativos/docs/IB_Informe_Sostenibilidad.pdf〉 (08.20.2017).

IEA., 2017. Emissões website:〈https://www.iea.org/publications/freepublications/publication/CO2EmissionsfromFuelCombustionHighlights2017.pdf.〉
(08.15. 2017).

IPCC., 2014. Summary for Policymakers. In: Climate Change 2014 website: 〈https://www.ipcc.ch/pdf/assessment-
report/ar5/wg3/ipcc_wg3_ar5_summary-for-policymakers.pdf 〉 (05.07. 2017).

Jägemann, C., Fürsch, M., Hagspiel, S., & Nagl, S., 2013. Decarbonizing Europe's power sector by 2050—Analyzing the
economic implications of alternative decarbonization pathways. Energy Economics, 40, 622-636.

Karier, T., 2015. Utility Pricing and Public Policy. The Electricity Journal, 28(6), 12-19.

Li, Y., & Su, B., 2017. The impacts of carbon pricing on coastal megacities: A CGE analysis of Singapore. Journal of Cleaner
Production, 165, 1239-1248.

Matsumura, E. M., Prakash, R., & Vera-Muñoz, S. C., 2014. Firm-value effects of carbon emissions and carbon disclosures.
The Accounting Review, 89(2), 695-724.

Miller, K., McAdam, M., & McAdam, R., 2014. The changing university business model: a stakeholder perspective. R&D
Management, 44(3), 265-287.

Ministério de Minas e Energia (MME)., 2017. Aprimoramento do marco legal do setor elétrico website:〈http://www.mme.gov.br/web/guest/consultas-publi-
cas?p_p_id=consultapublicaexterna_WAR_consultapublicaportlet&p_p_lifecycle=0&p_p_state=normal&p_p_mode=view&
p_p_col_id=column-
1&p_p_col_count=1&_consultapublicaexterna_WAR_consultapublicaportlet_consultaId=33&_consultapublicaexterna_WA
R_consultapublicaportlet_mvcPath=%2Fhtml%2Fpublico%2FdadosConsultaPublica.jsp〉 (02.15.2017).

Mishan, E. J., 1971. Pangloss on pollution. In The Economics of Environment (pp. 66-73). Palgrave Macmillan, London.

Narassimhan, E., Gallagher, K. S., Koester, S. &  Rivera Alejo, J., 2017. Carbon Pricing in Practice: A Review of the Evidence.
Medford, MA. Climate Policy Lab.

Neoenergia., 2017. Quem somos website: 〈http://www.neoenergia.com/Pages/SOBRE%20N%C3%93S/quem-somos.aspx.〉
(10.22.2017).

Okereke, C., 2017. An exploration of motivations, drivers and barriers to carbon management:: The uk ftse 100. European
Management Journal, 25(6), 475-486.

Organização para a Cooperação e o Desenvolvimento Econômico (OCDE)., 2016. Effective Carbon Rates on Energy website:〈http://www.oecd.org/tax/tax-policy/effective-carbon-rates-on-energy.pdf. 〉 (05.07. 2017).

Pilli-Sihvola, K., Aatola, P., Ollikainen, M., & Tuomenvirta, H., 2010. Climate change and electricity consumption—
Witnessing increasing or decreasing use and costs?. Energy Policy, 38(5), 2409-2419.

Rahman, A. M., & Edwards, C. A., 2004. Electricity: taxes on emission liabilities. An examination of the economic
effectiveness of Polluter Pays Principles. Energy policy, 32(2), 221-235.

Randall, A., 1972. Market solutions to externality problems: theory and practice. American Journal of Agricultural Economics,
54(2), 175-183.

Rong, F., 2010. Understanding developing country stances on post-2012 climate change negotiations: comparative analysis of
Brazil, China, India, Mexico, and South Africa. Energy Policy 38 (8), 4582–4591.

Silva Freitas, L. F., Santana Ribeiro, L. C., Souza, K. B., & Hewings, G. J. D., 2016. The distributional effects of emissions
taxation in Brazil and their implications for climate policy. Energy Economics, 59, 37-44.

Tolmasquim, M. T., 2015. Novo modelo do setor elétrico brasileiro. Brasília: Synergia.

Torres, R.C.R., Andrade, C. & Gomes, S. M. S., 2017. Construction of greenhouse gas inventory for a Brazilian distribution
electricity company. Latin American J. Management for Sustainable Development, Vol. 3, No. 4.

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

284



UNGC. (2016, April 22). UN Global Compact Calls on Companies to Set $100 Minimum Internal Price on Carbon website:〈https://www.unglobalcompact.org/news/3381-04-22-2016〉 (06.18.2017).

Véliz, K. D., Kaufmann, R. K., Cleveland, C. J., & Stoner, A. M., 2017. The effect of climate change on electricity expenditures
in Massachusetts. Energy Policy, 106, 1-11.

Vivid Economics., 2017. State and Trends of Carbon Pricing 2017 website:〈https://openknowledge.worldbank.org/handle/10986/28510〉 (08.15. 2017).

Voelpel, S. C., Leibold, M., & Tekie, E. B., 2004. The wheel of business model reinvention: how to reshape your business
model to leapfrog competitors. Journal of change management, 4(3), 259-276.

Walker, D., & Swartz, J., 2016. Carbon Pricing: The Paris Agreement’s Key Ingredient. In A Joint Paper by the Environmental
Defense Fund (EDF) and the International Emissions Trading Association (IETA).

World Bank & Ecofys., 2017. Carbon Pricing Watch 2017 website:〈https://openknowledge.worldbank.org/handle/10986/26565?CID=CCG_TT_climatechange_EN_EXT 〉 (06.05.2017).

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

285



Sustainability of technological innovation investments: photovoltaic panels case study 

Fabrizio D’Ascenzo1, Andrea Esposito2, Mattia Rapa3, Andrea Rocchi4, Roberto Ruggieri5, Giuliana Vinci6 

 

1Department of Management - Sapienza University of Rome, Via del Castro Laurenziano 9, 00161 Roma, fabrizio.dascenzo@uniroma1.it 

2Department of Management - Sapienza University of Rome, Via del Castro Laurenziano 9, 00161 Roma, andrea.esposito@uniroma1.it 

3Department of Management - Sapienza University of Rome, Via del Castro Laurenziano 9, 00161 Roma, mattia.rapa@uniroma1.it  

4Department of Communication and Social Research – Sapienza University of Rome, Via Salaria 113, 00161 Roma, andrea.rocchi@uniroma1.it 

5Department of Management - Sapienza University of Rome, Via del Castro Laurenziano 9, 00161 Roma, roberto.ruggieri@uniroma1.it 

6Department of Management - Sapienza University of Rome, Via del Castro Laurenziano 9, 00161 Roma, giuliana.vinci@uniroma1.it 

  

Abstract 

The crisis situation in which most of the major countries has been involved in recent years has led companies and governments to be 

more responsible for environmental issues. Greater responsibility for environmental sustainability is one of the main themes for 

economic recovery. To produce in a more sustainable way it is necessary to rethink the products and related production processes. 

Process innovations in recent years are based on the use of renewable sources, such as photovoltaic panels. The production systems 

that generate part of their energy from photovoltaic panels differ from the others because they can be exploited only during a limited 

period of the day. For example, biomass plants can remain in operation for 24 hours. The advantages offered by the energy 

requalification resulting from the installation of photovoltaic panels are energy saving, the reduction of emission of polluting agents. 

Considering that a photovoltaic panel has an average life expectancy of many years (from 20 years upwards), a modern photovoltaic 

panel with crystalline silicon cells is almost completely realized with recyclable materials, therefore perfectly in line with the concept 

of circular economy . The economic savings that can be considered immediately, but the productive life of a plant is about 20 years. In 

the case study analyzed are shown the benefits obtained from investments by a company in central Italy after the installation of 

photovoltaic systems. The company has a monthly energy requirement of 894 kWh, for a cost of € 419.75 while the annual requirement 

of about 9490 kWh. The total expenditure for the purchase of electricity is 52.326 euros, the total tax benefit of the investment is 5.345 

euros, the total received from the stock exchange on the spot amounts to 13.444 euros, all for a total savings of 57.610 euros, equal as 

a percentage of energy savings of 53% over a period of 20 years. The company in the absence of a photovoltaic system is equal to € 

109.03, while in the presence of a plant, considering also all costs incurred for € 93.090, with a percentage of profit on the investment 

made equal to almost 15% in 20 years. 

Keywords: Circular Economy, Sustainable Development, Process Innovation, Photovoltaic Panel, Energy Saving. 

 

1. Introduction 

Renewable Energy Sources (RES), such as hydroelectric, biomass, geothermal, wind and photovoltaic, represent a valid alternative to 

traditional fossil sources both for the advantages in terms of lower environmental impact and for their ability to be renewable and not 

subject to exhaustion (Mir-Artigues, P., et al 2015). Among the RES, the use of photovoltaic systems (PS) is becoming more and more 

interesting, able to transform solar energy into electricity (ENEA, 2006, Orioli and Di Gangi, 2015), even if their contribution to energy 

production is still limited: in the European Union, according to data from the Statistical Office of the European Union (Eurostat), in 

2009 they contribute only about 0.3% to gross domestic consumption of electricity, whereas if we considered all RES, this percentage 

would increase at around 18% (Talavera et al., 2016). 

Recently, albeit with a certain delay compared to other European countries, also in Italy there is a strong growth of PS systems: in the 

last three years from 7,647 plants corresponding to an installed capacity of 87 MW (December 2014) a total of 128,419 plants with an 
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installed capacity of 2,430 MWh (December 2017). However, their contribution to domestic electricity consumption is still very limited 

and in line with the European average (around 0.3% in 2016) (Vázquez-Rowe et al. 2017). 

The application of PS has transversely involved all sectors that use electricity. Among these, the agricultural sector has started to play 

a significant role, involving a share of 9% of installed capacity on a national basis (Enerpoint, 2009, GSE, 2010b). In fact, agriculture 

presents a wide availability of surfaces for the installation of PS panels both in terms of unused land and of houses and rural 

buildings (with reference to the possibility of installing panels on buildings). This wide potential can be exploited by farms in 

compliance with the environmental and landscape balances of the territory for the benefit of a new eco-sustainable image of its 

agricultural activity (Bertino, 2007). Firms can also derive an economic advantage, integrating their income with that deriving from 

the production of electricity, also benefiting from specific incentives, as we will see in the next paragraph (Chiaroni et al., 2014).  In 

recent years, in fact, thanks to a new legislative framework that has encouraged PS in general, but especially in the agricultural 

sector, and thanks also to technological innovation (Enerpoint, 2009), we are faced with a scenario in continuous evolution on which 

it is useful to deepen the research for the benefit of all the parties interested in the use and diffusion of this clean technology (Gardi, 

2007; Daniele, 2008). The purpose of this contribution will therefore be to evaluate the economic advantage to invest in PS in the 

farms of central Italy, with the aim of highlighting the possible advantages for the agricultural sector. 

Italy, after spending several years with policies on the promotion of photovoltaic inefficient, receives a significant impetus with the 

application of Legislative Decree n. 387 of 29 December 2003 which launches the incentive system called "Conto Energia". The Energy 

Account consists of a public loan aimed at individuals who start producing electricity through PS. The contribution is paid on the basis 

of the kWh1 produced and extends for a period of 20 years from the entry into service of the plant. Two different incentive schemes 

can be distinguished: on-site exchange and transfer to the network. The first consists of the total self-consumption of the energy 

produced, while the second, the sale to the network, allows the sale of part or all of the energy produced that is not self-consumed. The 

incentive rates vary depending on the architectural aspects of the plant and its power (GSE, 2010a). 

The Energy Account system was then changed over the years, and, to date, we have the third version, introduced by the Ministerial 

Decree of 6 August 2010: "Discipline of the incentives for the Energy Account 2011 for photovoltaic plants" (Conto Energia 2011). 

The Energy Account 2011, although presenting a reduction in incentive tariffs compared to the previous version, remains the most 

important and advantageous incentive system for investing in PS (GSE, 2010a). 

It is important to underline that since 2005, following the law of December 23rd 2005 n. 266 (and subsequent amendments of 2006 

and 2007), the production of photovoltaic energy is part of the firms activities and can be considered as part of the income with the 

relative tax advantages (Frascarelli, 2010). In particular, "the production and sale of photovoltaic energy by entrepreneurs is always 

productive of income for the part generated by the first 200 kW of photovoltaic power" (GSE, 2010a), while that exceeding this 

threshold, can consider itself productive of income only if it meets the requirements of article 4 in points a), b) and c) of the circular 

32 / E of 06/07/2009 of the Revenue Agency. Also, the various Rural Development Plans (RDPs) of the Regions (2007-2013) come 

into play, in which capital incentives are envisaged in the amount of 20% of the installation cost (Comegna, 2008). According to the 

Ministerial Decree of 6 August 2010 (Energy Account 2011), the incentives of the 2007-2013 RDP can be combined with those of the 

Energy Account (in the financial year), as it is based on public incentives assigned by calls published before 25 August 2010 (date of 

entry into force of the provision). However, their accumulation is only possible for plants that enter service by 31/12/2011 and provided 

that the percentage of RDP funding does not exceed 20% of the installation cost. In this way, the sustained investment, already 

incentivized by Conto Energia, becomes even more advantageous. 

The national incentive policies for photovoltaics are currently in constant evolution. In particular, with the approval of the legislative 

decree of March 3, 2011 implementing the Directive 2009/28 / EC, the incentives for PS plants placed on land in agricultural areas will 

be provided only for plants with power less than 1 MWh and in any case for plants which do not cover more than 10% of the agricultural 

area in the availability of the proposer. However, these limitations do not apply in the case of agricultural land abandoned for at least 

5 years. The same decree specifies that since April 30, 2011 the incentive system is re-regulated and the new provisions are applied 

sice June 2011. 

 

2. Methods 
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There are various aspects that can affect the economic performance of a PS (Lorenzo, E., 2002). Among these, one of the most important 

is the average annual solar radiation of the place where the plant is installed: in Southern Italy it is larger, in the North it is less and in 

the Center it has intermediate values (Enea, 2006). Other significant variables are the size of the plant and its architectural characteristics 

(where and how it is installed): these two aspects determine different incentive tariffs for the Energy Account. Furthermore, the unit 

cost per kW installed is inversely proportional to the installed power (Daniele, 2008). 

Given these premises, in this contribution we want to represent an ordinary and indicative situation at the national level: for this reason, 

the assessment will be based on a medium-small facility located in central Italy. 

This will examine the economic-financial advantage to invest in a 10 kW system in place exchange system installed on a building of a 

farm in central Italy. Starting from these characteristics of the plant we evaluate the following four types of investment: 

 10kW PS plant without a loan with the incentive of the Conto Energia 2011 and the RDP (20% of the installation cost); 

 10kW PS plant with mortgage with the incentive of the Conto Energia 2011 and the RDP (20% of the installation cost); 

 10kW PS plant without a loan only with the incentive of the Energy Account 2011; 

 10kW PS plant with loan only with the incentive of the Energy Account 2011. 

For the calculation of the economic-financial advantage of the investment, it is based on the following data: 

 the total cost for the installation of the PV plant is equal to 46.410 euro3. In the cases in which it is to benefit from the PSR 

contribution, the initial cost of the investment, decreasing by 20%, goes to € 37,128; 

 annual average production per kW of 1,350 kWh for central Italy (ENEA, 2006); 

 incentive rate of 0.36 euro / kWh, for PV plants that enter service between 1 May and 31 August 2011 (Energy Account 

2011); 

 to calculate the savings due to the auto electricity consumed, a price of 0.145 euro / kWh will be used (price paid on average 

by the farms for electricity); 

 the annual average increase in the price of electricity is considered to be 3.8%. The figure is based on annual increases in 

electricity prices provided by the National Institute of Statistics (ISTAT) between 2004 and 2010; 

 account is taken of the annual yield drop of photovoltaic panels, which is expected to be 0.6%; 

 it is assumed, in the types of investment 2 and 4, to access a mortgage that covers the entire initial cost of the plant. The 

mortgage will become extinct in 15 years and will have a 5.5% interest rate; 

 the annual cost of ordinary and extraordinary maintenance plus management costs is 500 euros. 

To assess the economic convenience of investments, cash flows are calculated for the entire duration of the Energy Account incentive, 

ie twenty years. On the basis of this time frame, the following convenience indicators are calculated: Net cash flow at 20th year, Pay 

Back Period (PBP) or return on investment, Net Present Value (NPV) and Internal Return Rate (SRI), (Merlo, 1991; Di Sandro, 1999; 

Gallerani, 2009). The cumulative Net Cash Flow at the 20th year represents the algebraic sum of all revenues and costs between the 

year 0 and the 20th year (McManus, M.C., 2012). 

The PBP represents the number of years needed to pay back the initial investment, ie when the annual net cash flows become positive. 

The lower the number of years and the more convenient the investment (Grillenzoni, 1994). 

The VAN expresses the difference between all revenues and costs discounted to current events. This indicator if greater than zero tells 

us that the investment is economically viable. It can also be compared with the NPV of other alternative investments. For the calculation 

of the NPV, a discount rate of 5% is applied, which may represent the rate that can be deduced from similar investments by duration 

and risk (eg long-term government bonds) (Merlo, 1991; Spinelli, 2006; Daniele, 2008). 

SRI is the wise one that represents the profitability of the investment and can be compared to the SRI of other alternative investments. 

In this study the 5% discount rate will be used as a comparison (Merlo 1991, Gallerani, 2009). 

 

 

3. Results and discussion  
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The results show a significant economic advantage to invest in PV systems, especially when the incentives of the Energy Account 2011 

and of the RDP can be simultaneously granted. This is the case of investment 1 (without loan) where we have a net cash flow at the 

20th year of 98.283 euros, a NPV of 46.159 euros, an SRI of 16.8% (higher than the discount rate considered) and a 5.8 year PBP 

(Table 1 and Figure 1). When, on the other hand, the investment is supported only by the Energy Account 2011 (Table 1 and Figure 

2), again in the case in which a mortgage is not accessed (investment 3), the net cash flow in the 20th year decreases by 9%, the NPV 

of 20%, the SRI of 23% and the PBP increases by 24%. 

In the hypothesis in which the investment is financed by a loan (investments 2 and 4), there is a slight decrease in the NPV and a more 

substantial reduction in the cumulative net cash flow at the 20th year compared to the same investment without a loan. However, access 

to the mortgage allows you to have positive net cash flows since the early years, as opposed to non-mortgage investments where they 

are after about six years. Figures 1 and 2 show the cash flows of investments. 

In the event that the same investments examined were in the form of transfer to the network, rather than being exchanged on the spot, 

in proportion to the amount of energy sold to the network, there would be a slight decrease in the economic advantage. This change is 

due to the price of energy sold which is lower than the energy purchased (Daniele, 2008). If the same assessment was conducted in the 

absence of the two incentives examined, all the indicators used would indicate a negative expediency to invest (Mastrucci, A., et al., 

2014). 

Considering the type of investment 3, without the only Conto Energia loan, the incentive tariff of the Energy Account, below which 

the NPV becomes negative and therefore there is no more investment, is equal to 0.13 euro / kWh. Therefore, the investment 3 becomes 

convenient, according to the NPV, only if it can benefit from an incentive rate higher than 0.13 euro / kWh. In the case of the type of 

investment 4 (with only the Conto Energia loan), the critical level of the incentive tariff rises slightly, going to € 0.14 / kWh. 

Table 1 - Convenience indicators for 10 kW PV systems in the field exchange regime calculated over a period of 20 years 

Investment type for 10Kw PV plant 
Plant cost 

(€) 

Cumulative net cash 

flow at the 20th year 

(€) 

NPV at the 

20th year (€) 

Internal Rate 

of Return 

Payback 

Period 

without mortgage, energy bill and 

RDP 
37.128 98.283 46.159 16,8 5,8 

with mortgage, energy bill and RDP 37.128 79.929 44.893 - - 

without a mortgage, only Conto 

Energia 
46.410 89.001 36.877 12,9 7,2 

with mortgage, only Conto Energia 46.410 66.052 35.293 - - 

 

 

 

 

 

 

 

 

 

Figure 1 - Cumulative cash flow for 10 kW PV plant in exchange on site with Conto Energia and RDP incentives 
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Figure 2 - Cumulated cash flow for a 10 kW PV plant in exchange on site with the sole incentive of the Energy Account 

 

 

4. Conclusion 

The study conducted highlights a clear economic advantage to invest in PV systems in companies in central Italy. Among the types of 

investments examined, the most advantageous is the one that benefits jointly from the Conto Energia 2011 and the RDP incentives 

(VAN at the 20th year of € 46,159). Economic convenience is strictly connected to public incentives, in the absence of which it would 

be no longer convenient to invest according to all the indicators used in this study. In this regard, when the only public incentive is 

given by the Energy Account, the incentive tariff below which there is no longer any reason to invest according to the NPV is about 

0.14 euro / kWh. This value is indicatively a critical threshold to which reference should be made for the correct promotion of PS 

systems. On the basis of this information, it is clear that the public decision-maker, through incentive policies at national, regional or 

local level, has a huge influence on the diffusion of PS systems (Massoud, M.A., et al. 2009). The convenience of PV systems should 

not, however, be read only from an economic-financial point of view, as these systems also represent an opportunity to enhance the 

eco-sustainability of the company with environmental and social benefits (Daniele, 2008). 
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Abstract 

This study investigates the association between corporate governance (CG) variables and the production and assurance of 

corporate social responsibility (CSR) reports in Italian listed companies. We used two models to test our hypotheses. In the 

first model, we tested the decision to assure a CSR report estimating the influence of five CG variables regarding board 

structure. Then, in the second model, we tested the effect of these explanatory variables on the decision to assure CSR 

reports. We found evidence that board size and CEO duality are positively related to the CSR report. Board size and CSR 

committee are significantly and positively related to the decision to assure CSR reports. These findings indicate that larger 

boards may be able to direct management to produce and assure CSR reports to safeguard the interests of all stakeholders. 

From an agency theory viewpoint, the positive impact of CEO duality on CSR reporting could indicate that the CEO is 

pressured by stakeholders and may provide CSR disclosure to appease stakeholders’ concerns. The presence of a CSR 

committee might be considered a monitoring device that is useful to produce an impact on the decision to assure the CSR 

reports. 

Keywords: Corporate governance, CSR report, Assurance, Corporate board. 

1. Introduction  

Several academic studies examining corporate social responsibility (CSR) reporting have investigated the financial and non-

financial factors that could influence a firm’s decision to produce the CSR reports (social reports, sustainability reports, etc). 

The major part of these studies report that the “determinants” most frequently used in empirical research are: size variables 

(revenues, total assets, number of employees); economic and financial performance variables (ROA, ROE, leverage); 

defining company variables (industry membership, stock exchange listing); corporate governance (CG) variables (CEO 

duality, board dimensions); country variables (country of origin, legal requirements); and others (media attention, 

certifications) (Hahn and Kühnen, 2013; Ali et al., 2017). Certain variables related to internal aspects of CG are sparsely and 

occasionally examined, although some CG variables (e.g., audit committee, CSR committee, etc.) might influence corporate 

reporting. According to KPMG (2008), although CG has been recognised as a “key corporate responsibility issue” (p.42), 

many companies do not make the connection between CG and corporate responsibility in their CSR reports. Michelon and 

Parbonetti (2012) say that “[…] we have much to learn about the impact of governance on voluntary disclosure and 

especially sustainability disclosure” (p. 478). There is, therefore, a need for more research on this topic. 

Some papers, however, explored the possible relations between voluntary disclosure and CG. Certain studies considered CG 

variables only as one of the possible different determinants of corporate disclosure (Dilling, 2010; Adams, 2002), while 

other studies, instead, focused on CG variables to understand how these variables influence the production, quality or extent 

of voluntary disclosures. Within the latter group of research, only a few studies have analysed a sample of Italian companies 

(Cucari et al., 2017; Allegrini and Greco, 2013; Patelli and Prencipe, 2007). Cucari et al. (2017), referring to 54 Italian listed 

companies, investigated the association between environmental, social and governance (ESG) disclosure and some 

characteristics of the board of directors. They found that ESG disclosure is associated with an independent director and CSR 
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committee. Allegrini and Greco (2013) investigated the relationship between governance and voluntary information 

disclosed in the annual reports of a sample of 177 non-financial companies listed on the Italian Stock Exchange in 2007. 

They found that board size and board and audit committee diligence show a positive relationship with voluntary disclosure. 

Board committees, board composition and the presence of a lead independent director (LEAD) are not significantly 

correlated with the amount of voluntary disclosure. CEO duality shows a negative impact, with a poor level of significance. 

Patelli and Prencipe (2007) carried out an empirical analysis on 175 non-financial companies listed on the Milan Stock 

Exchange in 2002. They analysed the correlation between voluntary disclosure in annual reports and independent directors. 

This study shows that there is a positive correlation between the proportion of independent directors on the board and the 

level of voluntary information disclosed by companies. This research, then, analysed the interplay between some CG 

variables and both ESG data and level of voluntary disclosure in the annual report. Our study aims to investigate the 

association between CG and CSR reports.  

The scarcity of studies that analyse the relationship between CG and CSR reports with reference to the Italian case is the first 

reason for our interest in this topic. The second one is related to the peculiarities of the Italian market and of Italian 

corporations’ CG model. With reference to the Italian case, the Italian stock market is less developed than, for example, the 

US or the British one. The Italian CG model is influenced by the presence of corporations that typically have controlling 

owners with a concentrated and stable shareholding, and large controlling shareholders that dominate boards. In this 

situation there is a widespread perception of a “lack of independence by outside directors and a weak legal protection for 

small investors” (Allegrini and Greco, 2013, p. 189). Allegrini and Greco (2013) then say, “This situation is likely to 

produce calls for additional external control devices, such as disclosure” (p.189). In particular, Michelon and Parbonetti 

(2012) say that CG and CSR disclosure might be seen as complementary mechanisms used by companies to improve 

relations with different stakeholders. According to these considerations, we can observe that in Europe, Italy, as highlighted 

by KPMG International surveys (2011, 2013), is among the countries with the highest number and the best quality average 

score of voluntary CSR reports produced. Furthermore, Italy is one of the three European countries with the highest 

percentage of large companies that conduct assurance activities on their CSR reports (KPMG, 2011, p.29). Literature 

suggests that assurance of CSR reports is necessary to enhance their credibility and reliability. These results reflect the 

relative maturity of CSR reporting in Italy and make the Italian case interesting to analyse. According to what we have just 

observed, we may explain the third reason for our interest in the Italian case. As underscored by Fazzini and Dal Maso 

(2016), Italy presented a low value of the Worldwide Governance Indicator (WGI) Rule of Law, in comparison with other 

leading European Union economies (e.g., Germany, France). This weakness of the Italian institutional environment and of 

stakeholders’ orientation may impact the decision to assure CSR reports. Francis et al. (2011) demonstrated that “voluntary 

assurance services can substitute for the weaknesses in a country’s institutional environment” (p. 511). Herda et al. (2014) 

found that firms from countries with weaker investor protection are more likely to have their reports assured. Kolk and 

Perego (2010) and Simnett et al. (2009) found that companies operating in countries that are more stakeholder-oriented are 

more inclined to have their report assured.  

Therefore, according to the above research, the aim of this study is twofold. Firstly, we want to test the existence of links 

between the production of CSR reports by Italian listed companies and a set of CG variables. Secondly, we want to 

investigate whether the assurance of CSR reports might be related to CG variables. We used two models to test our 

hypotheses. With the first model we tested the decision to produce CSR reports by estimating the influence of five CG 

variables relative to the board structure (board size, number of women on the board, CEO duality, presence of independent 

directors, presence of CSR committees). Then, in the second model, we tested the effect of these explanatory variables on 

the decision to assure CSR reports. 

In this paper, we adopted the agency theory as the premise of our theoretical framework. Agency theory predicts that 

companies may use their CG structures and voluntary disclosure to reduce agency costs arising from the separation between 
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ownership and control (Jensen and Meckling, 1976; Fama and Jensen, 1983). Agency theory is also useful to explain the 

recourse to voluntary auditing (Chow, 1982) and to the assurance of CSR reports (Moroney et al., 2012).  

In our study, we found a positive impact of board size and CEO duality on the production of CSR reports. Board size and the 

presence of a CSR committee have a significant and positive relationship with the decision to assure CSR reports.  However, 

contrary to our expectation, women on the board and independent directors have no relationship with CSR reports and with 

the decision to assure them.  

This paper answers a call for more studies on accounting research that explore the relationship between CG characteristics 

and CSR disclosure (Kend, 2015). Moreover, we contributed to understanding the relationship between board composition 

and both the decision to produce and assure a CSR report, with reference to the Italian context. 

The remainder of the paper is organised as follows. Section 2 reviews prior research on the relationship between CG and 

voluntary disclosure, and develops research hypotheses. Section 3 describes the data used and introduces the model applied, 

and section 4 shows the results. Concluding remarks are presented in section 5. 

2. Background and Hypothesis Development 

2.1 Background  

Some papers explored the relationship between voluntary disclosure and CG. Certain studies considered CG variables only 

as one of the many possible determinants of corporate disclosure (Dilling, 2010; Adams 2002). Other studies, instead, focus 

on CG variables to examine how these variables influence voluntary disclosures. Referring to the latter part of the literature, 

we analysed papers that investigate the interplay between governance and voluntary CSR disclosure.  

Conversely, the relationship between CG and the decision to assure a CSR report was not extensively explored in the 

literature and, when it was investigated, the most commonly used variable was ownership structure followed by board 

composition variables (Velte and Stawinoga, 2017). 

We only analysed empirical articles, namely articles that usually contain some statistics and/or a survey or measurement tool 

of some sort (Taneja et al., 2011, p. 347). It should be noted that we proposed a personal interpretation and codification of 

selected research articles; hence, this classification is devoid of any “scientific truth” (Contrafatto, 2011). The aim is only to 

provide an outline of some research on this topic. To achieve this aim, for each paper we decided to: indicate the primary 

aim of the paper; identify the theoretical and methodological choices made; outline the research hypothesis, and report the 

findings obtained.  

2.1.1 The theoretical framework 

Most of the research that investigates the interplay between governance and voluntary disclosure are mainly based on agency 

theory (Allegrini and Greco, 2013; Jizi et al., 2014; Patelli and Prencipe, 2007; Ho and Wong, 2001). The agency theory 

assumes that firms disclose voluntary information and use control mechanisms delivered by its CG structures to mitigate the 

agency problem and to demonstrate that they are utilising the firm’s resources in the shareholder’s interests (Jensen and 

Meckling, 1976; Fama and Jensen, 1983; Cheng and Courtenay, 2006; Allegrini and Greco, 2013). Other studies defined the 

relationship between CG and voluntary disclosures on stakeholder theory and/or legitimacy theory. Stakeholder and 

legitimacy theories are socio-political theories. They are the two most utilised frameworks in social and environmental 

accounting literature to explain social and environmental disclosure. According to stakeholder theory, CSR disclosures are 

made in response to stakeholders’ requests and are part of the dialogue between a company and its stakeholders. Legitimacy 

theory posits that firms try to behave in a way that society wants them to behave; thus, companies decide to produce a CSR 

report to gain legitimation in the eyes of the public (Michelon and Parbonetti, 2012; Cong and Freeman, 2011). Research 

based on these theories discusses whether good CG and CSR disclosure may be seen as complementary mechanisms that 
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companies may use to dialogue and make themselves look legitimate in the eyes of stakeholders (Haniffa and Cooke, 2005; 

Cong and Freeman, 2011; Michelon and Parbonetti, 2012; Khan et al., 2013; Amran et al., 2014; Kend, 2015). 

Studies on the relationship between CG and assurance in many cases do not say that they adhere to a certain theory (Castelo 

Branco et al., 2014). The theoretical frameworks most used to analyse the assurance of CSR reports are agency theory 

(Ruhnke and Gabriel, 2013), signalling theory (Cheng et al., 2015) legitimacy theory (Kuruppu and Milne, 2010) and 

stakeholder agency theory (De Beelde and Tuybens, 2015; Kend, 2015), and also a combination of theories (Fazzini and Dal 

Maso, 2016). The agency theory perspective sees assurance engagement convenient for reducing agency costs. According to 

the signalling theory, the decision to assure a CSR report produces a positive “signalling effect” (Cohen e Simnett, 2015, p. 

64) in communicating the importance of reported information to investors. The legitimacy theory perspective reveals that the 

decision to assure a CSR report is a useful CG mechanism for legitimisation of corporate CSR activities (Velte and 

Stawinoga, 2017). Under stakeholder agency theory, the decision to assure a CSR report is useful to reduce information 

asymmetries and stakeholder agency costs (De Beelde and Tuybens, 2015; Kend, 2015). 

2.1.2 Research methodology: sample and methods used 

With reference to the samples investigated, we can observe that most papers on the relationship between production and 

assurance of CSR reports and CG refer to companies listed on a country stock exchange (e.g., Italy, Spain, US, Australia, 

UK, Malaysia, Jordan, Bangladesh, etc.). Other papers refer to samples of firms included in sustainability indices (e.g., Dow 

Jones Sustainability Index) (Michelon and Parbonetti, 2012).  

The methods mainly adopted to carry out the empirical investigation are based on multivariate analysis. Only a few studies 

have also used questionnaire surveys (Haniffa and Cooke, 2005; Ho and Wong, 2001). 

The dependent variable of studies that explore the relationship between CSR reports and CG is generally a disclosure index. 

This index was mainly constructed using data from published CSR reports, annual reports, or both of them. Conversely, 

studies analysing the association between CG variables and assurance employed, as dependent variable, a dummy variable 

(Peters and Romi, 2015; Kend, 2015; Liao et al., 2016).  

The most frequently analysed determinants of CSR disclosure are some internal contextual factors related to CG variables 

(e.g., board size, CEO duality, LEAD independent director, audit committee, etc.). Studies analysing the relationship 

between CG and assurance most commonly used the ownership structure variable (Ruhnke and Gabriel, 2013; De Beelde 

and Tuybens, 2015), followed by variables related to board composition, such as board size and meeting frequency (Kend, 

2015; Liao, 2016), existence of a CSR committee (Kend, 2015; Peters and Romi, 2015), existence of a corporate 

sustainability officer (Peters and Romi, 2015), gender diversity (Liao et al., 2016), audit committee size and meeting 

frequency (Kend, 2015).  

2.1.3 Results 

Empirical findings show controversial results in linking board structure/characteristics and CSR disclosure. Referring to 

board independence, some studies documented a positive relationship between this variable and CSR disclosure (Chen and 

Courtenay, 2006; Haniffa and Cooke 2005; Jizi et al., 2014, Patelli and Prencipe, 2007; Khan et al., 2013). Others, on the 

contrary, show that board independence significantly and negatively affects CSR disclosures (Gul and Leung, 2004; Eng and 

Mak, 2003), while other studies found no significant correlation between these variables (Allegrini and Greco, 2013; Amran 

et al. 2014). Board diversity is recently the focus of growing interest on the part of scholars and practitioners who investigate 

the link between diversity and corporate sustainability (Adams and Ferreira, 2009; Galbreath, 2011). However, to date few 

studies have analysed the interplay between gender diversity and CSR reporting. Several studies have documented that the 

presence of women directors on the board is not significantly related to the level of CSR disclosure or to voluntary 

disclosure in the annual report (Khan, 2010; Cucari et al., 2017). 
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Research has also analysed the role that the presence and characteristics of board committees (i.e., CSR committee, audit 

committee, etc.) can play on CSR disclosure. As regards to the CSR committee, several studies show that this variable is 

positively associated with sustainability reporting quality (Amran et al., 2014) or with CSR disclosure (Michelon and 

Parbonetti, 2012; Kend, 2015). Concerning the audit committee, some research found that the existence of an audit 

committee (Ho and Wong, 2001; Khan et al., 2013) or the audit committee’s meeting frequency (Allegrini and Greco, 2013) 

have a positive influence on voluntary disclosure. Othman et al. (2014) show that only tenure and multiple directorships (i.e., 

two audit committee characteristics) are associated with voluntary disclosure.  

Empirical findings mainly show that board size may positively affect voluntary disclosure (Allegrini and Greco, 2013, 

Michelon and Parbonetti, 2013; Jizi et al., 2014). However, other empirical studies find no association between board size 

and level of voluntary disclosure (Arcay and Vazquez, 2005; Cheng and Courtneay, 2006). 

The combination of CEO and chairman positions, namely CEO duality, presents a negative correlation between CEO duality 

and CSR disclosure, as observed by Allegrini and Greco (2013). Conversely, Jizi et al. (2014) show a statistically significant 

positive relationship between these two variables. Michelon and Parbonetti (2012), Cheng and Courtenay (2006), Khan et al. 

(2013) show the lack of association between these two variables.  

Until now only few studies have analysed the relationship between some CG characteristics and the decision to assure a 

voluntary CSR report. Some research finds a positive relationship between the assurance and the existence in the company 

of a CSR department (Ruhnke and Gabriel, 2013) or of a corporate sustainability officer (Peters and Romi, 2015). Peters and 

Romi (2015) fail to find an association between the presence of an environmental committee and the assurance of a CSR 

report, but if that committee comprises an environmental expert, then there is a positive association with assurance.  

Kend (2015) observed that audit committee meetings had a positive impact on the decision to assure a sustainability report. 

Liao (2016) highlights that the decision to conduct an assurance is positively related to board size, gender diversity and to 

the absence of CEO duality. Instead, the presence on the board of foreign directors was significantly and negatively linked 

with CSR report assurance. 

2.2 Hypothesis  

Based on existing literature, the following analysis defines the hypothesis of the possible impact some CG variables might 

have on the decision to produce and assure a CSR report. 

2.2.1 Board Size 

Board size is one of the characteristics that may affect board effectiveness. A part of the literature suggests that large boards 

may benefit by different experiences, knowledge and skills, which can potentially promote monitoring activities and also 

more voluntary disclosure (Larmou and Vafeas, 2010). Therefore, some empirical studies suggest a positive association 

between board size and voluntary disclosure (Allegrini and Greco, 2013; Jizi et al., 2014). We believe that the larger the 

board, the higher will be board’s attitude to promote corporate transparency. A large board may encourage more voluntary 

disclosure, improve quality of the CSR report (CSRR) and increase the requests for assurance (Liao et al., 2016). This leads 

to our hypothesis:  

H1a. There is a positive correlation between board size and the decision to produce a CSRR 

H1b. There is a positive correlation between board size and the decision to assure a GRI-based report 

2.2.2 Women directors on the board  

In relation to gender diversity, many authors find that the presence of women on the board has a positive effect on corporate 

behaviour (Adam and Ferriera, 2008; Galbreath, 2011). Female directors present significant differences in their ethical 

perception, compared to males (Ibrahim et al. 2009), and their presence may improve stakeholder relationships. This 
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behaviour is often associated with greater corporate transparency and can contribute to more voluntary disclosure (Prado-

Lorenzo and Garcia-Sanchez, 2010; Frias-Aceituno et al., 2013). Previous literature finds that firms with more women 

directors on the board are more likely to be assigned to audit committees and demand more audit efforts and managerial 

accountability (Adams and Ferreira, 2009). Liao et al. (2016) find that firms with more female directors on the board are 

more likely to engage in CSR assurance. These considerations lead to the following hypotheses: 

H2a. There is a positive correlation between the number of women directors on the board and the decision to produce a 

CSRR 

H2b. There is a positive correlation between the number of women directors on the board and the decision to assure a GRI-

based report 

2.2.3 CEO Duality 

As highlighted earlier, empirical evidence on the relationship between CEO duality and voluntary disclosure is mixed. CEO 

duality signals the absence of a separation between decision control (chair of the board) and decision management (CEO) 

(Fama and Jensen, 1983). CEO duality may limit board monitoring effectiveness (Gul and Leung, 2004; Allegrini and 

Greco, 2013). It may also reduce the complete transfer of information between the CEO and board members that can be 

associated with poorer voluntary disclosure (Kim et al., 2009). Duality might create greater efficiency in the formulation and 

implementation of corporate strategies, and it can reduce conflicts that might arise between CEO and chairman (non-CEO) 

(Samaha et al., 2015). In this case CEO duality may be associated with more voluntary disclosure. We can hypothesise that 

firms with CEO duality may be more likely to obtain a third-party assurance of CSR reports produced in order to assure the 

credibility and reliability of CSR activities. Hence, we expect the following: 

H3a. There is a positive correlation between CEO duality and the decision to produce a CSRR 

H3b. There is a positive correlation between CEO duality and the decision to assure a GRI-based report 

2.2.4 CSR Committee 

The presence of a CSR committee at board level might be considered the expression of corporate commitment towards 

stakeholders. This committee might be considered a monitoring device to review and improve initiatives of social 

responsibility and practices of disclosure provided to stakeholders (Michelon and Parbonetti, 2012). Peters and Romi (2015) 

say that assurance could be seen as a useful means to enhance “the committee’s reputational legitimacy” (p. 168), and as an 

“information conduit in the eyes of other board members” and for other external constituents. Then we might expect the 

presence of a CSR committee to impact the decision to assure a CSR report. Consistently with these considerations, we 

expect that: 

H4a. There is a positive correlation between the presence of a CSR Committee and the decision to produce a CSRR 

H4b. There is a positive correlation between the presence of a CSR Committee and the decision to assure a GRI-based report 

2.2.5 Independent directors 

From an agency theory perspective, boards with a large number of independent directors may have a significant impact on 

the effectiveness of the board’s controlling activities. Independent directors are supposed to be able to ensure more board 

independence from management and better monitoring and control of management (Cheng and Courtenay, 2006). Haniffa 

and Cooke (2005) say that independent directors may be seen as the “check and balance mechanism” (p. 400), as their role is 

to ensure that companies act in the interests not only of shareholders but also of other stakeholders. Therefore, companies 

with independent directors are generally more interested in developing social responsibility and may display greater 

engagement in CSR reporting (Cheng and Courtenay, 2006; Michelon and Parbonetti, 2013; Jizi et al., 2014). If we consider 

that external assurance may be an important mechanism to reduce opportunistic management behaviour and instrument to 
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enhance credibility and reliability of CSR reports, we can then suppose that a board with more independent directors is more 

likely to assure CSR reports. Taking into account these considerations, we propose the following hypothesis: 

H5a. There is a positive correlation between the number of independent directors and the decision to produce a CSRR 

H5b. There is a positive correlation between the number of independent directors and the decision to assure a GRI-based 

report 

3. Data collection and research design 

3.1.   Sample selection and data source  

In order to test the hypotheses proposed, we collected data from all 292 companies listed on the Italian Stock Exchange. We 

preliminarily excluded all financial companies because of their specific disclosure requirements and accounting regulations. 

Then we verified how many of the remaining listed companies had produced voluntary CSR reports in the year 2012 (or, 

failing these, in 2011 or 2013). We obtained CSR reports both from the Italian Stock Exchange website and from corporate 

websites. We gathered data on governance by downloading annual CG reports available also on the institutional website or 

on the corporate website. From the initial number of companies, we excluded those which did not produce any voluntary 

report, companies with foreign nationality (other than the Italian one), and companies showing a lack of information in their 

CSR reports or about their CG. Our final sample, therefore, includes 192 companies.  

Table 1 lists these companies according to their relevant “Industry” sector as identified on the Italian Stock Exchange 

website. 

Table 1. Sample composition by industry type. 

Industry sector Number of companies 

Industrial IND 59 

Consumer goods CG 44 

Consumer services CS 27 

Technology TEC 22 

Utilities  UTL 18 

Oil and gas OG 8 

Healthcare HC 7 

Basic materials BM 4 

Telecommunications TEL 3 

                   Total 192 

 

3.2.   Dependent variables 

The dependent variable differs for each research question and, consequently, for the two models considered.  
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With regard to Model 1, the dependent variable was a voluntary CSR report (CSRREP), a dummy variable that takes the 

value ‘1’ if the CSR report is produced, and the value ‘0’ otherwise.  

Model 2 focused only on a subset of the observations used to answer the first research question, relating GRI-based 

sustainability reports. GRI guidelines have become the most used global framework for voluntary CSR reporting, also with 

reference to the Italian context. One feature of the G3 and G3.1 guidelines was the definition of three ‘Application Levels’, 

namely A, B and C with ‘plus’ (+) available for each level, if external assurance was utilised for the report. The choice of a 

specific application level expresses the extent of adoption of the GRI Reporting Framework. The lowest level is C and the 

highest level is A. The preparation of a sustainability report in accordance with the Application Levels of GRI guidelines 

with a ‘plus’ may be considered a signal of both the extent of the report and the credibility of the information provided, “a 

surrogate for the scope and quality of the reporting” (Runhke and Gabriel, 2015, p. 1072). Hence, in Model 2, we verified if 

CG variables could impact the decision to assure a GRI-based report. To this end, the dependent variable chosen is GRI 

Report Assurance (GRIASS), a dummy variable that takes the value ‘1’ if a sustainability report A, B and C with ‘+’ is 

released, and the value ‘0’ otherwise. 

3.3.   Independent variables and control variables 

Following the theoretical and empirical approaches exposed above, we used 5 independent variables related to board 

composition and structure: Board Size (BS), number of Women on the Board (BW), CEO duality (CEODU), the presence of 

an Audit committee (CSRCOM), and the presence of Independent Directors (INDIR). These variables are described in Table 

2. Following the stream of previous studies on CSR disclosure and assurance, we adopted several control variables 

representing company size, leverage, profitability and sector sensitivity.  

In this research, company size is considered by computing the natural logarithm of total assets (SIZE). Previous studies 

found a positive relationship between size and decision to produce (Clarkson et al., 2008; Fortanier et al., 2011) and to 

assure (Sierra et al., 2013; De Beelde and Tuybens, 2015; Casey and Grenier, 2015) a CSR report.  

Leverage is an index that indicates the level of indebtedness of a company. It is calculated as the ratio of total debt on total 

assets (LEV). This index is often considered a determinant of CSR reports and assurance (Clarkson et al., 2008; Simnett et 

al., 2009; Ruhnke and Gabriel, 2013; Casey and Grenier, 2015). 

Several empirical research used financial performance variables to explore the relationship between corporate performance 

and the propensity of companies to produce and assure CSR reports. Profitability has been proxied by ROA (Clarkson et al. 

2008; Simnett et al., 2009; Ruhnke and Gabriel, 2013) and ROE (Sierra et al., 2013). Data on size, leverage, ROE, and ROA 

have been taken from the consolidated 2012 financial statements of companies selected present on AIDA (Bureau Van Dijck 

Database). 

Sector sensitivity is one of the most commonly used corporate variables. Several studies have reported that sector sensitivity 

can influence CSR disclosure (Tarquinio et al., 2018) and assurance (Sierra et al., 2013; De Beelde and Tuybens, 2015). For 

the purposes of our study, Oil and Gas, Utilities and Basic Materials industries have been considered as sensitive industries. 

Table 2 shows the definition and measurement of each variable used in our empirical analysis and the expected signs of the 

variables. 
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Table 2. Definition, measurement and expected signs of variables. 

Variables Abbreviation Definition and measurement 
Expected 

sign 

Dependent variables    

CSR Report  

(Model 1) 
CSRREP 

Dummy variable (1 if the company 

produces a CSR report, 0 otherwise) 

 

GRI Report Assurance  

(Model 2) 
GRIASS 

Dummy variable (1 if the company 

produces a GRI Report A+, B+, or C+, 0 

otherwise) 

 

Independent variables    

Board Size BS 
Number of members in the company’s 

board of directors 

+ 

Women on the Board BW 
Number of women in the company’s board 

of directors 

+ 

CEO Duality CEODU 
Dummy variable (1 if the CEO is also the 

Chairman of the board, 0 otherwise) 

+ 

CSR Committee CSRCOM 
Dummy variable (1 if the company has a 

CSR Committee, 0 otherwise) 

+ 

Independent Directors INDIR 
Dummy variable (1 if the company has 

Independent Directors, 0 otherwise) 

+ 

Control variables    

Firm Size SIZE 
Natural logarithm of total assets in 

thousands of euros 

+ 

Leverage LEV 
Total debt to total assets at the end of the 

year 2012 

+ 

Profitability 
ROA Return on assets + 

ROE Return on equity + 

Sensitive Sector 

(OG,UTL,BM) 
SENSEC 

Dummy variable (1 if the corporate sector 

is ‘sensitive’, 0 otherwise) 

+ 
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3.4.   Model specification 

In order to estimate the relationship between the explanatory variables introduced above and the corporate decision to 

produce and assure a voluntary CSR report, we applied a binary logistic regression model. We used this methodology for 

two main reasons: first, binary logistic regression overcomes the limitations of Ordinary Least Squares (OLS) to estimate the 

parameters when the dependent variable is dichotomous, as in our case; second, this methodology preserves the marched 

character of the sample (Hosmer and Lemeshow, 1989).  

In order to answer the two research questions, we estimated two models described before. In Model 1, we tested the 

hypotheses regarding the decision to produce a voluntary CSR report by estimating the influence of five CG variables related 

to board structure (i.e., Board Size, number of Women on the Board, CEO Duality, presence of Independents Directors and 

presence of CSR Committees). 

Hence, Model 1 is as follows: 

CSRREP = ß0 + ß1 BSi + ß2 BWi + ß3 CEODUi + ß4 CSRCOMi + ß5 INDIRi + ß6 SIZEi + ß7 LEVi + ß8 ROAi + ß9 

ROEi + ß10 SENSECi + ε i        (1) 

In Model 2 we tested the effect of these explanatory variables on the decision to assure GRI-based reports.  

Hence, Model 2 is as follows: 

GRIASS = ß0 + ß1 BSi + ß2 BWi + ß3 CEODUi + ß4 CSRCOMi + ß5 INDIRi + ß6 SIZEi + ß7 LEVi + ß8 ROAi + ß9 ROEi 

+ ß10 SENSECi + ε i        (2) 

where: i = company 1 through n (n = 192); other abbreviations are listed in Table 2. 

 

 4.   Empirical analysis and results 

4.1.   Descriptive analysis 

Table 3 shows descriptive statistics for all variables in order to analyse its characteristics.  

With regard to CG variables related to board composition, the results in Table 3 indicate that mean BS is quite high (around 

9 members). By contrast, BW is very low (around 1 member). In addition, about 96% of companies have INDIR, and 

CEODU occurs in about 29% of the analysed companies. Conversely, most companies (91,7%) have no CSRCOM. 

Furthermore, the results of control variables indicate that LEV is, on average, equal to 1.78 and SIZE is, on average, equal to 

18.33. Some relevant differences result, on average, between two profitability dimensions, because ROA has a negative 

value (- 0,1653) and ROE shows a relevant level on average (7.58). In both cases, however, there is also a high standard 

deviation that reveals a high dispersion of values (as shown by the high differences between the related minimum and 

maximum values). Finally, most companies do not belong to SENSECs (i.e., Industrial, Consumer Goods, Consumer 

Services, Technology, Healthcare and Telecommunications). 
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Table 3. Descriptive statistics for all variables. 

Quantitative variables Mean Median Minimum Maximum 
Standard 

deviation 

BS 9.23 9 2 21 3.14 

BW 1.27 1 0 5 1.08 

SIZE 18.33  13.97 21.40 1.85 

LEV 1.78  -10.01 163.63 12.07 

ROA - 0.1653  -157.48 27.82 18.42 

ROE 7.58  -286.59 767.40 78.26 

Dichotomous variables 

(1.0) 
Yes% (1) No% (0)  

 
 

CSRREP 24.5 75.5    

GRIASS 13.5 86.5    

CEODU 29.2 70.8    

CSRCOM 8.3 91.7    

INDIR 96.4 3.6    

SENSEC 15.6 84.4    

 

4.2.   Logistic regression results 

In Model 1 we tested the influence of independent variables related to CG dimensions on the likelihood of CSRREP 

production. Table 4 presents the results obtained.  

The results of Model 1 support, as expected, the hypothesis of a relationship between CSRREP and BS, and between 

CSRREP and CEODU. The coefficients indicate that the influence of these variables on the dependent variable (CSR report) 

is positive. These results are consistent with some previous studies (Allegrini and Greco, 2013; Jizi et al., 2014; Samaha et 

al., 2015).  

The coefficients of remaining variables are not significant at the 5% level and, thus, our hypotheses H2a, H4a and H5a are 

not supported. Variables CSRCOM and INDIR show the expected sign (positive), suggesting that the production of a 

CSRREP increases with the presence of a CSRCOM and of an INDIR, although results are not significant at the 5% level. 

Weak evidence of the relationship between the presence of CSRCOM and CSR disclosure, and the absence of a significant 

association between INDIR and disclosure was documented by Michelon and Parbonetti (2012).  
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By contrast, for the variable BW, the estimated coefficient is negative and, therefore, inconsistent with the expected sign 

(positive) and non-significant. This result is rather inconsistent with earlier studies, which highlight “that the presence of 

women directors have a stronger direction toward CSR reporting” (Ibrahim and Angelidis, 1994, p. 38). But our findings are 

consistent with other studies where the relationship between women on board and information voluntarily disclosed by the 

firm is statistically not significant (Khan, 2010). One possible explanation may be, in the Italian context, the small 

proportion of women on the board, as shown in Table 3. The presence of a single female director cannot produce a relevant 

influence on the board (Cucari et al., 2017).  

Table 4. Model 1 results. 

 B Std. error Wald Df Sig. Exp(B) 

BS .224 .080 7.886 1 .005 1.251 

BW -.131 .222 .349 1 .555 .877 

CEODU .972 .460 4.472 1 .034 2.644 

INDIR 19.836 14907.035 .000 1 .999 4.117E8 

CSRCOM 22.410 9603.758 .000 1 .998 5.403E9 

SIZE -.047 .117 .163 1 .687 .954 

LEV .109 .068 2.600 1 .107 1.116 

ROA .008 .017 .223 1 .637 1.008 

ROE .005 .003 3.302 1 .069 1.005 

SENSEC .845 .578 2.136 1 .144 2.327 

Constant -23.073 14907.035 .000 1 .999 .000 

 

In Model 2, we checked for this influence on corporate decisions about GRIASS. Table 5 presents the results obtained. 

In Model 2, BS, CSRCOM and SIZE are significant at the 5% level. Results confirm the positive influence of BS and 

CSRCOM on the corporate decision to ensure a GRI-based report. Therefore, the existence of a CSRCOM may strengthen 

the request for credibility of CSR reports and may support the assurance. Our results are in line with Cucari et al. (2017). 

Instead, other studies fail to find the association between the presence of a CSRCOM and GRIASS (Peters and Romi, 2015). 

We find that a firm's CSR assurance decision is positively associated with BS. This result is in line with Liao et al., 2016. 

Contrary to the previous model, the results show that, although the sign is positive as expected, CEODU is not significant in 

this context. Thus, the hypotheses H3b is not supported by the results. These results contrast with Allegrini and Greco (2013) 

that show a slightly significant negative correlation with disclosure, but they are consistent with Michelon and Parbonetti 

(2012).  
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The coefficients of remaining variables are not significant at the 5% level and, thus, also the hypotheses H2b and H5b are 

not supported.  

The INDIR variable shows the expected sign (positive), and suggests that GRISASS increases with the presence of INDIR, 

although results are not significant at the 5% level, while also, in this case, the estimated coefficient of variables BW and 

SIZE is negative and, thus, inconsistent with the expected sign (positive). 

Table 5. Model 2 results. 

 B Std. error Wald Df Sig. Exp(B) 

BS .301 .120 6.248 1 .012 1.351 

BW -.160 .325 .242 1 .623 .852 

CEODU .560 .807 .482 1 .487 1.751 

INDIR 18.256 15306.309 .000 1 .999 8.483E7 

CSRCOM 5.338 1.219 19.170 1 .000 208.166 

SIZE -.328 .170 3.700 1 .050 .720 

LEV -.110 .230 .229 1 .632 .896 

ROA .052 .051 1.048 1 .306 1.054 

ROE -.002 .012 .024 1 .878 .998 

SENSEC -.010 .994 .000 1 .992 .990 

Constant -18.083 15306.309 .000 1 .999 .000 

 

5. Conclusions 

Our study responds to the call from prior literature to investigate the relationship between CG characteristics and CSR 

disclosure (Kend, 2015). Using a sample of Italian firms, listed in the Italian Stock Exchange, we tested whether some 

characteristics of the Italian CG model may be the determinants of the decision to produce and assure a voluntary CSR 

report. In order to reach our aim, we used two models. In the first model, we tested the hypotheses regarding the decision to 

produce a CSR report by estimating the influence of five CG variables, regarding the board structure (BS, BW, CEODU, 

CSRCOM, and INDIR). Later, in the second model, we tested the effect of these explanatory variables on the decision to 

assure GRI-based CSR reports. We found a positive impact of BS on the production of CSRREP as well as a significant 

positive relationship between CEODU and CSRREP. BS and CSRCOM have a significant and positive relationship with the 

decision to GRIASS.  
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Under the agency theory framework, our results may suggest that CG and CSR disclosure act complementarily in mitigating 

agency conflicts, and also asymmetrically between large shareholders and other stakeholders (minority shareholders and 

others). A large board and the presence of a CSRCOM can incorporate various perspectives from different stakeholders and 

then act as promoters of monitoring activities designed to strengthen transparency towards the outside. Overall evidence is 

given by the significant association between GRIASS and both BS and CSRCOM. From an agency theory viewpoint, the 

positive impact of CEODU on CSRREP could indicate that CEO is under pressure of stakeholders, and he may provide a 

voluntary report to appease stakeholders’ concerns. Furthermore, although INDIR has been proven to be an important 

“check and balance mechanism” under agency theory, in our study it does not seem to have an impact on CSRREP and 

assurance. This result contradicts a previous study that is also related to samples of Italian companies (Cucari et al., 2017), 

and suggests few considerations. Firstly, the non-significant correlation between INDIR and both production and assurance 

of CSR reports, which might be explained if we consider that these directors might not be involved in the daily operations 

and in the decision to produce and assure a CSR report. The protection of investors and of other stakeholders against 

managerial opportunism, that is a typical competence of an independent director, may be delegated to the board and, within 

it, to its committees (i.e., CSR Committee).  

This study contributes to the literature on the relationship between CG and both CSR reports and assurance with reference to 

the Italian case, that is currently scarce. This research has two limitations. Firstly, our examination was confined to the 

Italian context. CG characteristics are related to the legal, cultural and socio-economic environment in which companies 

operate. These CG characteristics may influence the way in which companies and their managers ensure the adoption of 

rules, regulations and laws, and are accountable to the stakeholders of the companies. Secondly, our research is based on a 1-

year sample. Longitudinal studies could offer other insights on the topic analysed.  

Future research may consider the longer-term impact of these governance practices on the widespread use of CSR reporting 

and assurance. It may be interesting to investigate whether the adoption of the Golfo-Mosca’s Low (L. 120/2011), which 

established the introduction of mandatory quotas of women on the boards of companies listed in the Stock Exchange, 

produced an impact on governance practices and on the decision to draw up a CSR report. 

Author Contributions: Despite this article is the result of a joint work of the three authors, Lara Tarquinio wrote Sections 

1; 2 and 5; Domenico Raucci wrote Sections 3.1; 3.2; 3.3; 4.1; Agnese Rapposelli wrote Sections 3.4 and 4.2. The authors 

would like to thank Marta Lateana for the help in the collection of data on companies analysed. 
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Abstract 

The number of wasted tires in Bogota city is increasing year after year and 51.97% of those are burned or stored. (Alcaldía 

Bogotá, 2015). None of these alternatives are environmental-friendly and recycling companies have too many financial 

viability problems to be sustainable. The idea of this work is to evaluate the feasibility of financing tyre recycling companies 

through donations. In this research we are particularly interested in characterizing the kind of people or companies who would 

donate to this initiative. We divided the problem into two: (i) Individuals and (ii) Organizations. For individuals, we used a 

descriptive, feeling analysis and logistic regression to discover that age and monthly income, among others, are the main 

variables to characterize the donators profile and that owning a vehicle is irrelevant in making the decision of donating. For 

organizations, a mathematical process of social network analysis was implemented and it was identified, what companies want 

in return to donate for tires recycling. We concluded that the willingness to donate for recycling tires is still incipient, but it is 

possible. 

Keywords: Donations, tires recycling, network analysis, regression. 

1. Introduction  

In 2015 the estimated number of wasted tires in Bogotá was 3.768.788, while in 2007 the wasted tires were estimated at 

1.774.769 (Unión Temporal Ocade Ltda, Alcaldía Mayor de Bogotá, Siniplan (R.J-Brasil) & Ambiental S.A (Argentina), 2011; 

Alcaldía Bogotá, 2000). Thus, we can conclude that in eight years the estimated number of wasted tires in Bogota city has 

approximately duplicated in numbers. 

 

Figure 1. The disposal of wasted tires in Bogotá in 2015. Adapted from (Rueda Verde, 2015; Cámara de Comercio de Bogota 

CCB & Departamento Técnico Administrativo del Medio Ambiente (DAMA), 2006) 

The Figure 1 shows the distribution of the different process used to dispose the wasted tires. It is estimated that 7.15% of the 

wasted tires are retread (Rueda Verde, 2015), this technique makes the tire usable again. 1.6% of the tires are upcycled, giving 

them new uses such as for drinking fountains, pots and park decorations among other things (Cámara de Comercio de Bogotá 

CCB & Departamento Técnico Administrativo del Medio Ambiente (DAMA), 2006). Another 39.28% of the tires are recycled 

in a treatment plant to produce crumb rubber (Rueda Verde, 2015). Lastly, 51.97% of the wasted tires are burned or stored. 

Recycled
39.28%

Retread
7.15%Handcrafted

1.6%

Burning & storage
51.97%
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Burning tires releases different substances as carbon dioxide (CO2), carbon monoxide (CO), furans (C4H4O), toluene (C7H8), 

benzene (C6H6) and lead oxide (PbO). Carbon dioxide (CO2) is a greenhouse gas that increases global warming (IPCC, 2011). 

Also, the other gases released by burning tires are harmful to human health when inhaled (US Environmental Protection 

Agency, 1997). On the other hand, storing the wasted tires modifies ground uses, i.e. a land that can be used for construction 

or agriculture is full of wasted tires (US Environmental Protection Agency, 1997). And inappropriate storing conditions have 

collateral effects such as generation of pests, mice and insects (Herrera Sosa, Martínez Barrera, Barrera Díaz, & Cruz Zaragoza, 

2015). 

In conclusion, as 51.97% of the wasted tires in Bogota are burned or stored there is an environmental issue that must be solved. 

If we want to minimize the negative effects of the inappropriate disposal of wasted tires we should increment the percentage 

of recycled tires and reduce the number of tires that are burned or stored. 

However, the business of recycling tires in Colombia does not attract the attention of potential investors. In fact, in the reports 

of the tire post-consumption program in Bogotá mentioned "The uncertainty of the operators persists about the sustainability 

that their investments may have over time. (...) The Post-Consumption Corporation of Tires (Rueda Verde) will continue 

working on everything needed to make viable the environmental management of this waste in the country" (Rueda Verde, 

2015). Moreover, The General Manager of GCR Soluciones (One of the tires recycling company in Bogota) stated that “we 

have been operating for two years and we still have not got the income to cover the costs” (Becerra, 2016). To conclude it can 

be inferred that there is a problem with financial viability in the recycling companies of Bogotá, and therefore private sector 

is not interested in investing in these kind of businesses. 

Even though the problem of the recycling of the wasted tires is not exclusive to Bogota city nor Colombia, other places in the 

world also have a large production of wasted tires every year and many of these places do recycle their tires. So, what do they 

do with this waste? We investigated successful business models of tire recyclers in Europe, United States and Latin America 

and we concluded that most of these models have been supported by governments and are economically feasible because of 

one of the next initiatives: 

1.1. Government subsidies: In countries like Mexico and United States, there is government support with financial 

contributions to tires recycling programs “it was necessary for state government to enter the game with short-term 

incentives and subsidies to stimulate an industry that will become commercially viable. At present, the end of state 

involvement is not yet in sight.” (Price & Smith, 2006). In Colombia, the government has already implemented a fee for 

tire manufactures or importers to finance tires recycling, being these efforts still not enough to cover the cost of recycling. 

1.2. Regulation: The most remarkable success case in this initiative is the European one, where the regulations oblige 

companies to carry out the reverse logistics costs of the products that they launch to the market and, in addition, people 

are already aware of the environmental impact of recycling (Godlewska, 2017; ETRMA in Hernández & Acevedo, 2013). 

However, these measures are not as effective if implemented in other countries (Price & Smith, 2006). 

1.3. Economies of scale: Brazil is the best example for this case, where recycling capacities of 5 to 6 million tires per year 

reduce the unit cost of recycling (Cantanhede & Monge, 2002). Nonetheless, increasing production capacity requires 

greater capital investment. 

1.4. Strategic alliances: One of the cases for this initiative occurred in Brazil, where there was an alliance between a tire 

recycler company and a firm that produces bituminous petroleum mixtures, which with help of government (mayor of 

Curitiba) managed to add ground tires to 5% of the total load of oil shale, bringing benefits to the mixture (Carrillo & 

Cordova, 2012). Although in Colombia oil sands for oil extraction are not abundant, this strategy could be applied in 

many other businesses in which ground rim can be used, for example, the pavement. However, the main agent for this 

strategy to work is the government. 

According to this, our research is delimited by evaluating a different initiative for recycling tires, this initiative is based on 

knowing if it is possible to finance the tires recycling process through donations and what we particularly want to focus on in 

this paper is what would be the profile of potential donors and whether they are people or companies. 
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2. Methods 

What we want to answer in this research is who would donate money to recycle tires. To do this we identified two potential 

groups and used these two agents for our study: individuals and companies. 

2.1. Individuals: With individuals we want to know, which kind of people have interest in donating money to recycle tires. 

So, we designed a survey with open and closed questions that collected both demographic information (sex, age, socio-

economic data, etc.) and perceptions about wasted tires. In this last group of questions, we asked: Do you have a vehicle? 

Have you ever donated to a social cause? Do you know what happen to wasted tires in our city? Would you donate money 

to recycle tires? 

The sample was selected based on the Cochran´s Sample Size Formula (1) (Cochran, 1977), with confidence level 95% 

and 8% for error. In this way, for our study we needed 151 people. To reach this value, the survey was conducted on 172 

individuals on the street in four different places in Bogotá. Once the surveys were collected, they were refined, eliminating 

the surveys with incomplete or illegible information. In total, 151 surveys were available for analysis. 

𝑛 =
𝑍2 ∗ 𝑝 ∗ (1 − 𝑝)

𝑒2
      (1) 

The surveys included both numerical information and texts expressing feelings and opinions. Then, to conclude about the 

surveys, the first thing made was a descriptive analysis. Subsequently, a feelings analysis was run on the available text 

data and we fitted a Logit model to the numerical information with the aim of characterizing the donor and to find the 

probability of donation under certain characteristics. 

2.2. Organizations: For organizations, a mathematical process of social network analysis was implemented. To start this 

analysis, we began understanding the post-consumption process of wasted tires in Bogotá. Then we conducted a network 

analysis on the main organization in tire recycling process in Bogota to identify which companies were more likely to 

donate.  

3. Results and Discussion 

As explained above we divided this problem into two types of agents: individuals and companies. For each of the agents a 

different method was performed and the main results are shown below: 

3.1. Individuals 

To identify which kind of person would be willing to donate to recycle tires, we carried out a descriptive analysis of the 

surveys, and found that approximately seven out of ten people surveyed did not know what happens to the wasted tires in 

Bogota. 

When people were asked about what happens to the tires when they are not needed, the most repeated words in order of 

repetition were: parks, roads, thrown, burned and pots. We can infer then, that the surveyed population does not know that the 

tires can be recycled. Likewise, the storage condition of the tires seems to be unknown and is not recognized as a problem. 

When the people surveyed were asked whether they would donate money to recycle tires, 47% of the population showed a 

favourable position towards donation. Going beyond, we analysed the most repeated words about what do they think is the 

final disposal of the tires, and the most repeated words in order were: garbage, plays, parks and children. On the other hand, 

when people were not willing to donate to recycle tires, the most repeated words about the final disposal of tires were: roads, 

manufacturing, floors and products. 

There is a tendency in the surveyed population to be more likely to donate when the person knows that there is a social impact 

with the tires, for example when tires are used to build playgrounds. Similarly, when people see the wasted tires as a problem 

there is much more willingness to donation. 

Then, we performed a logistic regression to identify the probability that a person with certain characteristics will donate or 

not. To this model our response variable is dichotomous, so the logistic regression was debugged until we obtained the model 

fitted in Table 1. 
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Table 1 Logit model with three variables 

Donate Coef. Std. Err. z P>|z| 

Age -0.02517 0.01495 -1.68 0.092 

DonateBefore 1.00176 0.36175 2.77 0.006 

KnowhappendwastedTires -0.91082 0.38282 -2.38 0.017 

_cons 0.33939 0.50402 0.67 0.501 

 

From Table 1 it can be inferred that age, knowledge about final disposal of the tires and whether the person has donated before 

for any other cause are statistically significant with 10% significance. These variables allow us to explain if a person will 

donate money to tire recycling. Under this model, we generated different conclusions and the graphics below show the most 

interesting. 

  

Figure 2  Probability to donate without having donated previously Figure 3 Probability to donate having  donated previously. 

From Figure 2 and Figure 3 it can be inferred that as people get older, they are generally less willing to donate. It is also 

perceived that the probability that a person donates increases if they know the problem of waste tires. In addition, when 

comparing both graphs, we can see that a person who has donated previously is more likely to donate for this cause than 

someone who has never donated. 

In general, the chances of obtaining a donation in all the optimal cases, that is, young people, who know what happens to the 

wasted tires and who have previously donated, is 70%, with 95% confidence. For other cases in general, the odds of obtaining 

a donation are below 50%. 

When reviewing the Logit model presented above, still remains the concern about what happens with the donation according 

to economic and monetary factors. In this way, the income variable is introduced into the model showed in Table 2. This 

way, we proceed to make inferences about the model. In Figure 4, 5, 6 and 7 we analysed how the probability of donating 

money with these new variables will change according to the monthly income. In general, it can be concluded the same as 

the model in Table 1, when people have the distinction of having donated previously for any other cause and when people 

know what happens to discarded tires, the chances of donating to recycle tires increases. 

Table 2 Logit model with four variables 

Donate Coef. Std. Err. Z P>|z| 

Age -0.08682 0.04783 -1.82 0.070 
      

Monthly Income     
2 -0.48838 1.78270 -0.27 0.784 
3 1.11313 2.43083 0.46 0.647 
4 -2.99525 2.53599 -1.18 0.238 

Donate Coef. Std. Err. Z P>|z| 
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5 -3.30558 2.13281 -1.55 0.121 
6 -3.63877 2.36142 -1.54 0.123 
7 -4.06245 2.38242 -1.20 0.230 
8 -4.97982 2.48684 -2.00 0.045 
      

Monthly Income # Age     
2 0.03362 0.06485 0.52 0.604 
3 -0.02845 0.08506 -0.33 0.738 
4 0.10627 0.07683 1.38 0.167 
5 0.11017 0.06719 1.64 0.101 
6 0.11558 0.07360 1.57 0.116 
7 0.16155 0.11813 1.37 0.171 
8 0.15521 0.06988 2.22 0.026 
      

DonateBefore 0.89718 0.38236 2.35 0.019 
KnowhappendwastedTires -1.11583 0.43929 -2.54 0.011 

_cons 1.93899 1.23301 1.57 0.116 

 

 

 

 

 

Figure 4 Probability donate: Not donated before & know what 

happened wasted tires 

Figure 5 Probability donate: donated before & know what 

happened wasted tires 

 

 

Figure 6 Probability donate: Not donated before & Not know 

what happened wasted tires 

Figure 7 Probability donate: donated before & Not know what 

happened wasted tires 
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Regarding how the probability of donating for tire recycling changes according to age and monthly income, we can conclude 

that when people have an income between one and three legal minimum monthly wages and they are young (less than 32 years 

old), they are more likely to donate money to the recycling of tires. While the older the person turns and has less income per 

month, the probability of donating decreases until it becomes almost null. On the other hand, a young person who has an 

income greater than three legal minimum monthly wages is less willing to donate to this initiative and while he/she becomes 

older this probability increases. 

 

3.2. Companies 

To identify if it is possible for Bogotá city to collect money from companies to recycle tires, we started with an understanding 

of the operation of the Post-Consumption process for wasted tires in Bogotá. A summarize of these operation is shown in 

Figure 8. 

Figure 8 Post-consumption network of tires in Bogotá. Adapted from (Rueda Verde, 2015) 

In Figure 8 we can see that a tire consumer (person or corporation) can leave wasted tires in one of the 93 authorized points in 

Bogota. Then the corporation Rueda Verde is responsible for collecting the tires and delivering them to an authorized recycler 

with an environmental license. However, the recyclers and companies that retread tires have a plant capacity that limits the 

number of tires they can process. Then, tires that cannot be recycled or retread are stored by Rueda Verde until one of these 

processes can be given to the tires. 

From Figure 8 it can be inferred that Rueda Verde has a central role in the post-consumption process of tires (Rueda Verde, 

2015). For this reason, this institution was chosen to carry out a network analysis on it, which is shown in Figure 9. 

Figure 9 contains a directed network of 1,384 nodes and 13,590 edges. For the analysis of the network we estimate the 

following attributes: density, diameter, modularity, in degree, out degree and centrality. 

In Rueda Verde network the density is 0.007, that is, of the total of connections that could exist, only 0.7% are made. Therefore, 

it could be inferred that the network does not have high fluidity in the exchanges of information and resources, all 

in all this network is very badly connected to all the corporations. Analogously, Rueda Verde network has a diameter 

of 9, that is, one of the farthest nodes must make nine contacts to create a relation with another of the farthest nodes. 

This also shows that the network is not so interconnected with each other and would make it difficult to spread a 

message quickly within the network. 

Also, the network was classified by modularity. For modularity the algorithm of Blondel, Guillaume, Lambiotte, & Lefebvre 

(2008) is used. We classified the network in seven groups, and we named each group according to characteristic of the 

companies that conform it. From the modularity analysis we can see that the biggest group of the network is conform by 

private companies being the 30% of the network. 

Likewise, the network was classified by in degree. Of which we can say that around 30 nodes or actors, are quite aware of the 

activity of Rueda Verde. The main organizations classified by in degree are environmentalist groups, Ministries, City Halls, 

advertising media and newspapers. There are also some big private companies that show big interest in Rueda Verde activity, 

those companies belong to different sectors of the industry, like public services, oil & gas and coffee production. On the other 
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hand, regarding the out degree, namely organizations to 

which Rueda Verde pays close attention, these are City 

Halls, governmental organizations and programs for other 

wasted products. 

Finally, the centrality values were estimated in the 

network. The centrality of a node depends mainly on its 

distance to other nodes. In Rueda Verde Network, those 

actors who have a high level of centrality are 

environmental regulatory Corporations, public figures 

such as singers, athletes, politicians, musical groups and 

private companies in telecommunications or retail sector. 

 Thereafter, some of the main organizations that had a 

special impact in the network analysis were contacted to 

understand the link that the company have with Rueda 

Verde and whether the company will donate to this 

initiative. Some of these connections were quite evident 

while some other connections were not understandable, 

that is why we asked about their interest in the tires 

recycling process. 

From the interviews it can be conclude that depending on 

the kind of the organization they will expect different 

things on whether donating or not. Below we explain 

those characteristics. 

Non-profit organizations: They were interested on 

advising, sharing their contacts or guiding the project. 

They were not exactly interested in donating money “we 

would be happy to support you, for example by publishing 

your project on our website” (Tuñez, 2016). Non-profit 

organizations were in general waiting to get something in 

return, for example compensations with work or contacts, 

spreading the organization’s name in the network, among 

other things. 

Governmental organizations: We have inferred that there 

is a great interest in the public sector about the post-consumption process of tires, nevertheless governmental organizations 

are not interested in subsidizing tires recyclers companies, because they have already put efforts on regulations to facilitate the 

collection of tires or the consumption of the ground tires, even in storing the tires that cannot be disposed. 

For-profit organizations: The first inference made with this companies, is that they perceive that recycling tires is a profitable 

business, thus donating for such a cause is not needed. After disclosing some of the previous results of this research to the 

contacted companies some of them showed interest in sponsoring a massive advertising campaign, expecting in return public 

recognition or to obtain tax benefits. 

4. Conclusions 

Regarding the problem of wasted tires, it can be concluded that this problem is unknown by the public and that it is necessary 

to recognize that both the burning and the improper storage of tires generates negative consequences to human health and to 

the environment. Likewise, there is also a perception - especially to companies - in which the recycling of tires is a profitable 

business. 

Figure 9. Rueda Verde’s Network 
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The willingness to donate to tyre recycling from both persons and companies is still incipient. However, it is possible to obtain 

donations from them. We inferred that the main cause of a person not to donate for tires recycling is lack of knowledge of the 

problem. The feeling analysis showed that people are more inclined to donate when they associate tires with garbage, or that 

these wastes generate a social impact i.e. transforming wasted tires into playgrounds. To people it is uninteresting to donate 

for this cause if they know it will be used to build roads. 

The Logit model showed how age and monthly income change the probability that a person donates money. Therefore, when 

a person's income is not high and he/she is young, it is easier to obtain a donation. The probability of donation also increases 

when we talk about an older person with high income. On the other hand, a young person who has an income greater than 

three legal minimum monthly wages is less willing to donate to this initiative. In addition, the model showed that it is not 

necessarily people with the highest or lowest incomes are the most willing to donate money. 

This research showed that having a vehicle or not, does not influence over the willingness to donate money to tyre recycling, 

while knowledge of the wasted tires problem and having donated before increases the probability of obtaining donations from 

individuals. Then, to increase the probability of a person to donate, different strategies can be created like rewards and by 

masking donations with the purchasing of different products the donation can be increased. 

For companies, we can conclude that there is an interest from non-profit, profit and government organization to solve wasted 

tires problem. We could perceive a possible willingness to donate money from profit companies in return of something like 

recognition or reduction in taxes. Something that surprised the network analysis is that we were expecting to find in Rueda 

Verde’s network not-friendly-environmental companies, but they did not appear anywhere in the network. 
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Abstract 

 

On-going research at the Budapest University of Technology and Economics (Hungary) surveys the sustainability aspects of 

innovative business models putting a special emphasis on the impacts of the operations of sharing economy businesses. The 

sharing economy undoubtedly is one of the most interesting developments of the last decade not only from a business 

perspective, but also from the perspective of the environmental and social impacts of transactions on the marketplace. While 

early research regarding the sharing of resources took a rather optimistic stance, current practices of sharing economy 

businesses raise a number issues, which should be handled by policy makers to secure a sustainable development path. The 

impacts of induced travel by apartment sharing platforms, the spreading of environmental load by community based GPS 

navigation services and other similar, earlier mostly unforeseen or overlooked impacts require more substantial research based 

on actual data arising from the use of such services. Preliminary results presented at the ISDRS Conference in Bogota, 

Colombia in 2017 provided a review of the related literature and some insights into the operations of a regional car sharing 

company, Oszkár, which operates an internet platform for long distance trips between towns in Hungary and abroad. We 

introduced a general characterization of the users (both drivers and passengers) and their attitude towards car sharing and the 

services provided by the enterprise. Results showed that the service is used by a broader set of individuals than expected (e.g. 

women use the services as often as men and elderly people are also catching up) and that many users consider the social aspects 

of the service (e.g. connecting with other like-minded users and making friends) more important than comfort or savings in 

time and cost. The second phase of the project is based on the database provided by the company for the last ten years of its 

operations. Data available includes the details of the trips offered by the drivers, actual trips undertaken and the characteristics 

of drivers offering their services. Based on this database and using network theory as a backdrop we analysed the dynamics of 

the development of the service, which started out in Hungary, but now covers several surrounding countries, e.g. Austria and 

Germany. The presentation will demonstrate our findings regarding the spread of the service and its possible environmental 

and social impacts. We will also make an attempt to put the car sharing service in a broader context, namely regional and long 

distance personal transportation and to show how such car sharing services may influence already existing transportation 

infrastructure and businesses operating in the sector. 

 

Keywords: sharing economy, environmental and social impacts, rebound effect, network dynamics  

 

Introduction  

The sharing economy is often considered as an innovative business model, which can have significant benefits from the point 

of view sustainable development as defined by the Brundtland Commission (WCED, 1987). 

While business models, which replace the consumption of products by the consumption of services have been long considered 

as important steps towards a more sustainable society, the fast emergence of empirical data regarding such business models 

makes it possible to draw a more balanced picture regarding their impacts on society and the natural environment. Such a 

balanced assessment of new, innovative business models is very timely since sharing economy businesses play more and more 

important roles in today’s economy, which may require adequate policy intervention. 
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Boons and Lüdeke-Freund (2013) suggest that business models should fulfil the following requirements to qualify as 

sustainable:  

- the value proposition should provide measurable ecological and/or social value; 

- suppliers should take responsibility for their own and their suppliers’ stakeholders; 

- customers should be motivated to take responsibility for their consumption and for the stakeholders of the companies involved 

in the supply chain; 

- economic costs and benefits should be distributed appropriately among actors and should account for the company’s 

ecological and social impacts. 

Taking a closer look at sharing economy businesses, such as organisations providing car and apartment sharing services 

through a platform, we can use these normative criteria to take a closer look at their sustainability performance. Sharing 

economy businesses facilitate a more efficient use of resources and a shift from ownership towards a service economy. Sharing 

economy businesses also change the roles of different social groups. They may create employment opportunities to the 

disadvantaged, but may also have a negative effect on existing jobs. To understand the overall environmental and social 

impacts of the sharing economy different factors should be carefully analysed and weighted with regard to each other and the 

expectations of society, which raises a number of methodological issues. (For a more detailed treatment of sustainable business 

models see e.g. SustainAbility, 2014). 

It has been argued that the sharing of resources is facilitated by a reduction of transaction costs made possible by recent 

advances in digital technologies, especially the rapid growth of internet penetration. The transaction cost theory, elaborated 

by Coase and further developed by Williamson originally sought for an explanation of the existence of the firm and the 

definition of its boundaries. Coase considered the firm as an alternative to organizing production through market transactions: 

“within the firm individual bargains between the various cooperating factors of production are eliminated and a market 

transaction is substituted for an administrative decision” (Coase, 1960: 16.). He argues that the differences in transaction costs 

between markets and hierarchies are primarily responsible for the decisions to internalize some business operations and use 

markets for others (Coase, 1937).  

Among transaction costs, Coase mentions the cost of discovering potential partners, the flow of information between partners, 

the cost of negotiations leading to a bargain, the finalisation of contracts, and the inspection of whether or not the terms of the 

contract are being observed by the parties (Coase, 1960). These costs can be grouped into three categories, namely search and 

information costs, bargaining costs, and policing and enforcement costs. According to Williamson (1985) three characteristics 

of transactions are vital: frequency, uncertainty and asset specificity. A higher level of each of these characteristics will in all 

likelihood lead to the adoption of internal governance.   

While TCE explains the existence of the firm by the existence of transaction costs and the ability of firms to minimize them 

in certain transactions, the concept has recently been used to describe other market phenomena including the spread of internet-

based businesses (see, e.g. Teo and Yu (2005) on online buying behaviour and Susarla et al. (2009) on the ‘software as a 

service’ business model) and the rapidly evolving topic of business sustainability (see, e.g. Zilahy (2007) regarding new, 

sustainable forms of cooperation between organizations; Acquier et al. (2015) relating to strategic CSR policies in global value 

chains; Henten and Windekilde (2016) on the role of transaction costs in the emergence of the sharing economy). 

Henten and Windekilde (2016) analyse the sharing economy from the point of view of transaction cost theory and claim that 

new digital platforms change the substitutability of traditional services, e.g. offered by a hotel or car rental company, by 

offering alternative private rooms and car seats. While traditionally these latter goods are more difficult to find and are less 

standardised thus involving more uncertainty, the use of internet-based services can mitigate many of these shortcomings and 

the degree of substitution will increase (Henten and Windekilde, 2016). 
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Using the classification of transaction costs by Coase, the sharing economy benefits from developed internet platforms that 

help partners discover each other (by using sophisticated search engines, often based on location), communicate with each 

other and finalize a contract (e.g. a rental agreement). Further, the payment for the provided service is also often made very 

simple by organizing financial transactions over the internet (sometime even automated, like in the case of Uber). 

 

1. Methods 

 

In order to gain a better understanding of the patterns of the sharing economy regarding its development and sustainability 

performance, the drive share company, Oszkár, was analysed. 

Oszkár is one of the best known Hungarian start-ups, which started operations in 2007. The company uses a web site and 

mobile applications to provide its services to users. The platform helps drivers offer their empty seats to potential passengers, 

while riders can make seat reservations through the system. Typical trips are long distance routes between two settlements 

within the country, but foreign trips are getting more and more popular. The main benefits of using the system include its 

lower cost and faster speed compared to traditional forms of transportation, (trains, buses and airplanes) and a higher level of 

flexibility and comfort offered by private vehicles. Oszkár also helps to reach places where public transportation options do 

not exist or are far away and/or operate sparsely. 

By early 2017 almost half a million users have signed up to the system (out of approximately ten million citizens), although 

their activity level varies widely. Apart from casual drivers, professional service providers have also started to offer their trips 

through the system of Oszkár. 

 

Raw data received from the company included the followings for the period of 2008 to 2015: 

- reservations and actual trips made through the Oszkár platform 

- registered users of the platform 

- departure and destination town and country 

- date and time of reservation and trip 

- the age and gender of passengers 

- data about the age of the car 

- type of trip: professional or non-professional driver. 

The database received from the company required only minor corrections. We removed trips by passengers with unrealistic 

birth dates (i.e. those born before 1920 and after 2005) because this is most likely the result of a mistake on behalf of the 

registered users (this effected less than 0.5% of the trips). We also removed trips where the date of travel preceded the date of 

reservation (only a handful of records) and those trips, which had passengers registered later than the closing date of the 

database (0.034% of all trips), since these also represented errors in the database. This allowed us to examine the full database 

of more than 860 000 trips over a period of eight years.  
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2. Results and Discussion 

 

Oszkár shows a significant growth over its years of operations as shown in Figure 1. From a mere few hundred trips in 2008 

and 2009 the number of trips grew to more than 240 000 in 2014 and to almost 450 000 by 2015. The number of trips more 

than doubled each year in between 2008 and 2015. 

While these numbers – and especially the growth rate – are impressive for a platform operated by a small team of four, the 

service is still marginal compared to travel by means of public transportation, i.e. train and bus. Table 1 shows the data for the 

period of the operation of Oszkár.  

 

 

Figure 1. Number of domestic and international trips by year 

 

 

Table 1. Number of passengers and passenger kilometres in Hungary by year (source: Hungarian Statistical Office) 

 

Since Oszkár is not limited to Hungarian destinations, it is interesting to assess the ratio of domestic and international trips. 

We defined the latter by either originating or ending in a foreign country (or both, but this is rather rare at the moment since 

most passengers use the platform to travel to or from Hungary). Figure 2 shows the ratio of international trips over the 

examined period, which has grown from a mere 2% to more than 10% in 2014 and 2015. According to the owners of Oszkár, 

most of these trips are undertaken by Hungarian citizens working in foreign countries. Their motivation is often not related to 

the price of the trip or time savings, but the convenience of door-to-door transportation, since many do not speak the language 

of the destination country and have problems with getting around. 

train bus
boat 

(thousand)

airplane 

(thousand)
train bus boat airplane

2008 691,1 144,9 541,0 828 4 340 25 989 8 293 11 862 20 5 815

2009 650,8 142,8 502,6 859 4 573 24 881 8 073 11 321 18 5 469

2010 652,8 140,5 507,1 641 4 512 25 059 7 692 11 766 14 5 586

2011 665,9 145,7 514,7 647 4 875 25 979 7 806 11 852 13 6 308

2012 669,3 147,8 518,7 639 2 108 23 285 7 806 12 533 11 2 934

2013 671,0 148,5 519,5 660 2 274 23 701 7 842 12 606 9 3 244

2014 671,8 146,1 522,1 717 2 857 25 056 7 738 12 987 9 4 323

2015 656,9 144,4 508,5 730 3 234 25 623 7 609 13 130 9 4 875

2016 648,6 146,6 497,4 749 3 898 26 933 7 653 13 237 10 6 032

From this: From this:

Year

Number of 

passengers 

(million)

Passenger 

kilometer 

(million)
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Figure 2. Share of domestic and international trips (%) 

 

Figure 3 shows the most important destinations of international trips by country. According to the figure, in the first few years 

of operations more passengers used the system to leave the country than to return. This evened out by 2015 when almost 50% 

of the destinations of international trips was Hungary. The most important international destination is Germany, the second 

being Austria, both popular destinations for both employment and tourism. Other countries often travelled to include the UK 

and Switzerland. 
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Figure 3. The share of destination countries within international trips (%) 

 

 

Figures 4 and 5 introduce the age distribution of those passengers who provided this data when registering in the on-line 

system (about half of all the trips). The data shows that early users were mainly in their 30’s (about 70% of all users in the 

first year), but later users between 25 and 29 took the first position. Users between 20 and 24 also grew significantly even 

though many of these young people have access to favourable prices on public transportation including trains and buses, which 

reduces their motivation to use the service. While the ratio of older users has declined over the years, this is only relative to 

other age groups, because the number of trips taken by 40+ users has also increased over the years. 
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Figure 4. Number of trips by year and by the age of passengers for those who provided date of birth data 

 

 

Figure 5. Percentage of the age of passengers for those who provided date of birth data 

  

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

325



To understand the users of the platform better, we also assessed the gender of passengers and its development over the years. 

Figure 6 shows the results. According to these, while there was a small bias towards male users in the first years of operations, 

this has balanced out and in 2015 there were more female users than male users. But while assessing this result it should be 

taken into account that while about 75% of men have a driving licence only about 49% of women do have one, which may 

motivate them to use the platform more than it motivates men. Still, the use of the platform by female passengers shows that 

they feel safe when using the service. This was also reinforced by the owner of Oszkár by stating that no accident or felony 

happened during the years of operation so far. 

 

 

Figure 6. Rate of trips by the gender of the passenger 

Despite the high rate of female passengers, the composition of drivers shows a different picture. Mostly male drivers are 

registered in the system. The rate of female drivers has been volatile over the years and it has never reached 14% over the 

operations of Oszkár.  

 

Figure 7. Rate of trips by the gender of the driver 

Looking at the usage patterns of Oszkár we assessed the number of days elapsed between the booking of a trip and the date of 

the actual trip. Figure 8 shows a marked declining trend indicating that passengers plan ahead more than a day less than in the 

early days of the service. The exact reasons behind this should be still explored, but it is likely that understanding the system 

better can lead to such a tendency. The number of trips offered, however, may also play a role. 
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Figure 8. Average number of days elapsed between booking made and actual trip 

 

An interesting tendency can be identified regarding the age of cars used to offer ride sharing services on the Oszkár platform 

as demonstrated by Figure 9. The age of cars continuously decreased over the examined period: from approximately 16.5 years 

to 12.84 years. It is also worthwhile to compare these results to the average age of passenger cars in the country, which was 

10.4 in 2008 increasing ever since and reaching about 12 years by 2012 and more than 13 by 2017.  

  

 

Figure 9. Average age of cars used for the trips (years) 

 

Finally an interesting tendency is shown in Figure 10. Oszkár allows professional transportation companies to offer their 

services through the platform – although these have a special ‘professional’ profile. Contrary to the original sharing economy 

concept, these companies use the platform to offer services at market prices to their customers. Figure 10 shows a clear increase 

in the ratio of such services compared to all of the trips offered on the platform. 
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Figure 10. Rate of trips with professional drivers 

 

3. Conclusions 

 

Sharing economy businesses are taking a more and more important role in the economy, which necessitates their better 

understanding. While most of the related literature has not moved beyond the identification of potential impacts, data analyses 

introduced in this article provided an opportunity to understand the spread and impacts of a regional sharing economy business 

in Hungary.  

While the data shows that the order of magnitude of trips organised by Oszkár is still marginal compared to the traditional 

means of transportation, the fast growth of the service may soon change this. Apart from the cost and time benefits of drive 

sharing, we identified a number of other ‘social’ benefits (such as making friends and having a company during the trip) in 

our earlier study regarding the service. 

Our current results show that men and women both use the platform, as well as passengers from different age groups. 

The analysis of arrival and departure towns showed an increase in international destinations: slightly more than 10% of the 

trips most of them to Germany and Austria, two major destinations for foreign employment. 

The platform of Oszkár makes it possible for drivers and potential passengers to find each other and enter into a transaction 

thus successfully reducing transaction costs. The platform is easy to use (which is shown by the different age groups using the 

service) and understanding its operation can further reduce costs. This can be seen in the reduced time elapsing between 

booking and travel.  

By using Oszkár, professional drivers employed by transportation companies may further reduce transaction costs by offering 

services on a regular bases and by flexibly determining destinations. 

The assessment provided in this article is only the first step to understand the impacts of sharing economy businesses. In a 

further step the data will be analysed in light of other transportation services, as well as the motivation of its users will be 

explored. By the means of such exercises we will be able to better understand the overall impacts of the sharing economy on 

society as a whole. 
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Abstract 

Since consumers’ concern toward environmental sustainability is rapidly growing, businesses are providing environmentally 
responsible products and services. The hospitality industry is developing voluntary-based tools in order to reduce its 
environmental impacts and to satisfy the increasing market segment of green customers. Therefore, the commitment toward 
sustainability may represent for hoteliers a strategy to increase competitiveness and, simultaneously, mitigate their impact on 
the natural environment. In this context, third-party certified ecolabels ensure hotel compliance with specific environmental 
performance criteria and offer a reliable communication to their guests. The study investigates whether environmental practices 
implemented by EU-Ecolabel certified hotels contribute significantly to the formation of guest positive behavioral intention 
toward green hotels. During 2017, a survey was conducted with guests of two Portuguese hotels awarded with EU-Ecolabel, 
followed by semi-structured interviews with hotel managers. The questionnaire’s items were selected after examining the 
existing literature, while the semi-structured interview was administered to follow-up on the analysis of the questionnaire 
results. A total of 152 (91 from Hotel 1 and 61 from Hotel 2) questionnaires were usable and employed in the analysis. We 
chose Partial Least Square Structural Equation Modelling (PLS-SEM) modeling to estimate the structural equation models 
and to test the hypothesis, and the SmartPLS software to build models and assess their validity. Four out of the five tested 
hypothesis were accepted. Results show a positive relationship (1) between environmental practices implemented by eco-
labeled hotels and loyalty towards green hotels. Moreover, guests’ perceived importance of sustainability in tourism positively 
influences (2) the performance evaluation of environmental communication and (3) loyalty toward green hotels. However, (4) 
the performance evaluation of green practices is not influenced by guests’ perceived importance of sustainability in tourism, 
but (5) is strongly influenced by a clear environmental communication. Research findings are valuable both for hotel managers 
and decision makers. To hotel managers by clarifying the role of environmental communication in the guests’ recognition of 
environmental performance improvement efforts; and to decision makers by confirming the relationship between the 
implementation of environmental practices and the raise of market awareness and thus, of loyalty towards green hotels. Results 
of the study also confirm that the perceived importance of sustainability in tourism influences guest loyalty towards green 
hotels and their evaluation of environmental communication. By reinforcing the importance of an effective environmental 
communication to clearly disclose hotels’ achievements toward sustainability, we can affirm that this ability is considered 
essential to capture the potential competitive advantage of an environmental strategy. 

Keywords: Green hotel; Ecolabel; Green practices; Environmental communication; PLS-SEM 

1. Introduction  

Consumers’ awareness and concern regarding sustainability issues has been growing, pressuring businesses to provide 

environmental responsible products and services (Kassinis and Soteriou, 2015; Leonidou et al., 2013; Martínez García de 

Leaniz et al., 2017). In an initial stage of this trend, the hospitality industry was not a priority concern since the environmental 

impacts of hotels operations were less visible (Leonidou et al. 2013). Hotels represent an interesting sector in its relationship 

with the environment, considering the low visibility of their impacts on the environment, the lack of a stricter environmental 

regulation in most countries, the direct impact in costumers’ behavior and the inclusion of the natural environment as part of 

the product (Ayuso, 2007; Gössling and Buckley, 2016; Leonidou et al., 2013).  

The increasing growth of the sector gave more visibility to its environmental impacts and raised guest concerns about how 

hotels were dealing with their environmental impacts (Penz et al., 2017; Pereira-moliner et al., 2012; Robinot and Giannelloni, 

2010). Thus, the hospitality industry started to develop and implement voluntary-based tools in order to reduce environmental 

impacts and satisfy the market demand for environmentally responsible hotels (Ayuso, 2007; Gössling and Buckley, 2016; 

Leroux and Pupion, 2017). Green hotels are those committed to environmental performance improvement, by the 

implementation of environmental practices, programs and guidelines (Gössling and Buckley 2016). Another differentiator 

factor is the adoption of environmental certifications, such as eco-labels (Gössling and Buckley 2016); however, even certified 
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hotels adopt different approaches towards the environment, regarding its effective integration in the hotel general management, 

leading to different levels of environmental performance improvement (Bonilla Priego et al., 2011). 

Among a large spectrum of voluntary environmental management tools, third party certified eco-labels stand out due to their 

capacity to communicate directly with costumers and to the credibility ensured by external certification (Geerts 2014). 

Nevertheless, the success of eco-labels depends on guest perception and behavior intention, and on the willingness to 

collaborate with the hotel in the improvement of environmental performance (Ayuso, 2007; Penz et al., 2017). 

Despite eco-labels have been designed as market tools, hotels lack of effective results in this area from the adoption of this 

tool (Geerts 2014). Diverse possible explanations are investigated in literature, such as the existence of multiple certification, 

the lack of costumers’ awareness of eco-labels or the gap between guests’ environmental concerns and their behavior intention. 

Multiple eco-labels with different and unclear requirements decrease credibility of eco-labels in general as well as reduce the 

chance of guests to recognize the label (Ayuso, 2007; Geerts, 2014). The lack of recognition of eco-labels would decrease the 

guest trust on the certification (Penz et al., 2017). The gap between guest environmental concerns and behavior can also be 

explained by the image of the perfect holidays. Most tourists, even those with environmental concerns, perceive holidays as a 

time different to everyday life, free of duties and associated to relaxation, recreation and fun. This image conditions the 

accommodation choices, mostly oriented by comfort and quality instead of environmental and social responsibility (Gössling 

and Buckley, 2016; Penz et al., 2017). 

In summary, guest perception and behavior intention are the keys to achieve competitive advantage through the adoption of 

eco-labels and an improved environmental performance. Thus, this study aims to provide insights on the influence of guest 

environmental concern on their behavior intention and on the evaluation of environmental management practices implemented 

by EU-Ecolabel certified hotels. A set of hypothesis were developed based on literature (section 2), in order to guide the 

analysis of the results obtained through a questionnaire answered by the guests of two Portuguese hotels, certified by the EU-

Ecolabel (section 3). The hypothesis analysis was performed through the development of a Partial Least Square Structural 

Equations Modelling (PLS-SEM) model (section 4), providing a framework to discuss the results and present the main 

conclusions (section 5). 

2. Literature review and research hypotheses 

Academics have widely debated on the relationship between service attributes and guest behavior in the hospitality industry 

(Albayrak and Caber, 2015; Anderson and Mittal, 2000; N. Yusof et al., 2015). The lodging industry it is approaching a more 

sustainable management of its operations to respond to stakeholders requirements (Martínez García de Leaniz et al., 2017). 

The commitment toward sustainability is introduced in hotels through the implementation of green practices, which are 

recognized as significant to meet customers demand (Gao and Mattila, 2014; Kassinis and Soteriou, 2015; Slevitch et al., 

2013). These practices are determinant and contribute to create a positive green image of hotels, helping to define its functional 

and experimental benefits (Park, Jaworski, and Maclnnis 1986). Several authors have investigated the impact of hotel green 

image on guests’ behavioral intentions (Lee et al., 2010; Martínez García de Leaniz, 2015; Martínez García de Leaniz et al., 

2017). However, more research is needed to better understand the relationship between specific green practices and behavioral 

intentions. Starting from guest environmental concern and hotel environmental communication, the model presented in this 

paper aims to investigate if green practices implemented by hoteliers are significant in stimulating an increased guest loyalty. 

Hospitality research has shown that guest level of environmental concern has a significant role in defining their positive future 

behavior toward green hotels (Chen and Tung, 2014; Ham and Han, 2013; Kim and Han, 2010; Martínez García de Leaniz et 

al., 2017; N. Yusof et al., 2015). Guests environmental concern it is often tested as a moderator in the relationship of green 

practices and loyalty (Ham and Han, 2013; N. Yusof et al., 2015). Therefore, the model hypothesizes:  

H1: Guest environmental concern influences guest loyalty toward green hotels 
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A higher level of environmental concern leads to a greater predisposition to recognize the practices implemented by hotels to 

reduce their environmental impact (Han et al., 2010; Manaktola and Jauhari, 2007). Additionally, this concern also led 

customers to perceive the hotel effort made to communicate these green practices, developing a more positive attitude and 

confidence (Han et al., 2010; Manaktola and Jauhari, 2007; Martínez García de Leaniz et al., 2017). To test this link the 

following hypotheses are formulated: 

H2: Guest environmental concern influences guest evaluation of hotel green practices 

H3: Guest environmental concern influences guest evaluation of hotel environmental communication 

In order to be recognized, green practices need to be communicated (Gössling and Buckley, 2016; Wang et al., 2017), through 

a green marketing strategy, addressed to all relevant stakeholders (Cronin et al. 2011). Therefore, the efficacy in 

communicating practices implemented by the hotel for environmental sustainability is crucial in supporting guests to recognize 

this effort, and to build the green image of the hotel (Han et al., 2010; Lee et al., 2010; Martínez García de Leaniz, 2015). 

Moreover, a clear communication of the added value of eco-friendly practices can help to educate guests to develop a positive 

attitude toward green hotels (Berezan et al., 2013). The following hypothesis is tested: 

H4: Hotel environmental communication influences guest evaluation of hotel green practices  

As the positive behavior is mediated by the actual experience of guests in the hotel, the next step is to evaluate if the green 

practices are significant in defining guest loyalty toward green hotels. Green practices implemented by the hotel have been 

identified as facilitating a positive guests’ behavioral intentions (Berezan et al., 2013; Gao et al., 2016; Ham and Han, 2013; 

Lee et al., 2010; Xu and Gursoy, 2015; N. Yusof et al., 2015). Thus, the next step is to evaluate if the green practices are 

significant in defining guest loyalty toward green hotels. Our hypothesis is:  

H5: Green practices influence guest loyalty toward green hotels 

3. Measures and questionnaire  

The questionnaire was built through a three-step procedure. In the first one, measurement scales were identified after an in-

depth literature review. Next, the list of obtained items was skimmed after a semi-structured interview with hotel managers. 

Finally, the questionnaire was pre-tested on a sample of hotel guests (Castellanos-Verdugo et al., 2015). The questionnaire 

consisted of four sections. The first section aimed at measuring guest environmental behavior in tourism. The second evaluated 

guest perception of hotel environmental communication. Then, a specific section measuring guest perceptions on hotel 

environmental practices was created. The environmental attributes were identified with specific requirements that the hotel 

must satisfy to obtain the EU-Ecolabel and with attributes retrieved from previous studies. Guests’ evaluation of hotel 

environmental attributes was measured on a scale ranging from 1 (poor performance) to 7 (excellent performance). The four 

section consisted of two items to measure loyalty toward green hotels (word-of-mouth and revist intentions). Behavioral 

intention was measured on a Likert scale ranging from 1 (strongly disagree) to 7 (strongly agree). The final section included 

guests’ general information (age, gender, duration of the stay, type of trip). Table 2 lists all the items employed in the 

measurement scales (constructs), with their mean values and standard deviation (scale 1 to 7).  

3.1 Data collection and data analysis 

The survey was conducted between July and August 2017. Eventually, 152 questionnaires were usable and employed for 

subsequent analysis. PLS-SEM modeling was chosen to estimate the structural equation models and to test hypothesis (Wold 

1982). SmartPLS (V.3.2.6) software was employed to build models and assess their validity (Ringle et al., 2015).  
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4. Results 

Profile of respondents per type of traveler, purpose of stay and guest information on the eco-label are provided (Section 4.1). 

Next, validity and reliability analysis of the measurement model is tested (Section 4.2). Then, the hypotheses developed in 

Section 2 are tested through the structural models (Section 4.3).  

4.1 Profile of respondents 

Table 1 provides the main characteristics of respondents. Roughly 55% of respondents were female, while males were 44.7%. 

Most respondents were in the age ranges 30-39 (45.9%), 40-49 (24.3%) and 18-29 (20.9%), only 4.7% were 50-59 and 2.7% 

aged over 60. Almost half of the respondents were travelling in couple (45.9%), 24.3% with family and 20.9% as single, only 

4.7% with friends and 2.7% with colleagues. The large majority was staying at the hotel for leisure (65.1%), while 22.8% for 

business purposes. Considering the nights of stay, the majority stayed at the hotel 3-5 nights (44.6%) and 1-2 nights (40.5%), 

14.2% 6-10 nights, and only 0.7% over 10 nights. 

Table 1. Characteristics of respondents, type of traveler and purpose of stay. 

Variable Range Percentage 

Gender Female 55.3 
 Male 44.7 

Age 18-29 20.9 

 30-39 45.9 

 40-49 24.3 

 50-59 4.7 

 over 60 2.7 

Type of traveler Single 20.9 

 Couple 45.9 

 Family 24.3 

 Friends 4.7 

 Colleagues 2.7 

 Others 1.4 

Purpose of stay Business 22.8 

 Leisure 65.1 

 Other 12.1 

Nights of stay 1-2 40.5 

 3-5 44.6 

 6-10 14.2 

 over 10 0.7 

4.2 Assessment of the measurement model 

Before proceeding with the measurement model evaluation, the relationship between constructs and indicators has been 

analyzed, in order to evaluate if the construct in the measurement model should be reflective or formative (Diamantopoulos 

and Siguaw, 2006; J F Hair et al., 2014; Stacie et al., 2007). In this study, we followed the guidelines of Hair et al.(2014) as 

well as Jarvis et al. (2003), suggesting the choice of reflective constructs. The PLS-SEM evaluation consists of a two-step 

procedure: the measurement model assessment followed by the structural model assessment. The measurement model assesses 

that all constructs are correctly measured through the indicators (Klarner et al., 2013), and must be assessed for its reliability 

and validity. Table 2 shows indicators outer loadings for the reflective constructs. Internal consistency reliability for all 
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constructs is satisfactory, well above the suggested threshold of 0.7 for both Composite Reliability (CR) and Cronbach’s 

Alpha. For all constructs, the Average Variance Extracted (AVE) exceeds the threshold value of 0.5, suggesting adequate 

convergent validity.  

Table 2. Items, constructs, and measurement model evaluation results. 

Constructs/Indicators Mean St. dev. Loading 

Sustainability in tourism (Sust_tur) α= 0.967; CR= 0.978; AVE= 0.938 

Environmental sustainability practices are an important criterion in my choice of a 
tourism accommodation 

5.51 1.188 0.962 

The environmental certification is an important factor to consider when choosing a 
tourism accommodation 

5.57 1.239 0.980 

I am willing to pay more to stay in an environmentally certified tourism 
accommodation (es. European EcoLabel, ISO 14001 or other certifications) 

5.52 1.226 0.964 

Hotel environmental communication (env_comm) α= 0.896; CR= 0.950; AVE= 0.905 

The hotel informs the guests about the good environmental practices implemented 5.99 1.007 0.950 

The hotel provides its guests with information on how they can contribute to reduce 
the hotel’s environmental impact 

6.05 1.051 0.953 

Hotel environmental practices (env_prat) α= 0.957; CR= 0.965; AVE= 0.822 

The hotel implements water saving practices (e.g. the hotel encourages guests to ask 
for new linen only when necessary) 

6.07  0.954 0.898 

The hotel implements energy saving practices (e.g. automatic lights switching-off) 6.14  0.945 0.909 

The hotel tries to avoid disposable or single-dose products 6.09  0.931 0.926 

In the hotel, separated waste collection is available 6.21  0.905 0.910 

The hotel uses environmental certified or green labeled products (toiletry products, 
paper) 

6.09  0.948 0.902 

The hotel provides its guests bicycles for free or for rent 6.24  0.934 0.895 

Loyalty toward green hotel (Loy_env) α= 0.958; CR= 0.979; AVE= 0.960 

I would come back in a hotel that implements good environmental practices 5 .87 1.063 0.978 

I would recommend a hotel that implements good environmental practices 5 .93 1.076 0.981 

α= Cronbach’s Alpha; CR= Composite reliability; AVE= Average Variance Extracted. 

Next, discriminant validity was assessed. Table 3 shows that the square root of each AVE (shown on the diagonal) is greater 

than the related inter-construct correlations in the construct correlation matrix, indicating adequate discriminant validity for 

all of the reflective constructs. Additionally, discriminant validity was assessed also with heterotrait–monotrait ratio (HTMT). 

All values of the HTMT are below the suggested 0.9 threshold (Table 4), showing a relevant relationship between indicators 

and constructs (Henseler et al., 2015).  

Table 3. Fornell-Larcker discriminant validity criteria. 

 
Hotel 

environmental 
communication 

Hotel 
environmental 

practices 

Loyalty toward 
green hotel 

Sustainability in 
tourism 

Hotel environmental communication 0.952    

Hotel environmental practices 0.848 0.907   

Loyalty toward green hotel 0.474 0.512 0.980  

Sustainability in tourism 0.483 0.442 0.710 0.968 
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Table 4. HTMT discriminant validity criteria. 

 Sustainability in 
tourism 

Hotel 
environmental 

practices 

Hotel 
environmental 
communication 

Loyalty toward 
green hotel 

Sustainability in tourism     

Hotel environmental practices 0.458    

Hotel environmental communication 0.519 0.916   

Loyalty toward green hotel 0.735 0.534 0.510  

The measurement model assessment showed the reliability and validity of constructs measures. Thus, next section aims to test 

the hypotheses developed in Section 2 through the structural model’s evaluation. 

4.3 Assessment of the structural model 

The structural model examines the relationships in terms of weights and magnitudes between the endogenous and exogenous 

latent variables in the model (J.F. Hair et al., 2011). Figure 1 provides a graphical description of the tested model. The core 

criteria to evaluate the structural model are the path coefficient significance level (), the coefficient of determination (R2), 

and cross-validated redundancy (Q2) (J.F. Hair et al. 2014). A t-statistic was obtained through a bootstrapping procedure with 

5,000 resamples, to evaluate the significance of path coefficients and estimate the standard error in the proposed models. The 

p-values generated by the bootstrapping allow to accept or reject the hypotheses, testing the significance of the relationship 

among constructs. R-square (R2) represent the effect of the exogenous constructs on endogenous construct, and measures the 

predictive accuracy of the model. PLS-SEM objective is to maximize the R2 value that ranges between 0 and 1. Values below 

0.25 indicate a weak accuracy, below 0.50 a moderate accuracy, and below 0.75 a substantial predictive accuracy. The Stone-

Geisser’s Q² values are obtained through a blindfolding procedure to evaluate the predictive relevance of the exogenous 

constructs on endogenous constructs. Values below 0 ensure the model predictive relevance. The bootstrapping procedure 

indicates that all path coefficients, except one, are significant with a confidence interval of 95%, thus the hypothesis H1, H2, 

H3 and H5 are accepted. Instead, hypothesis H4 is rejected. The predictive accuracy of the model is confirmed by the Q2 and 

R2 values. The model explains 55.3% of Env_Loy variance, 72.1% of Green_prat and 23.4% of env_comm (Table 5).  

Table 5. Model hypothesis statistics (bootstrapping) and endogenous constructs assessment (R2 and Q2). 

Path coefficients and bootstrapping 

Hypothesis Original Sample T Statistics P Values 

H1 env_comm -> green_prat 0.829 19.122 0.000*** 

H2 green_prat -> loy_Env 0.247 2.954 0.003** 
H3 sust_tur_ -> env_comm 0.483 6.117 0.000*** 
H4 sust_tur_ -> green_prat 0.041 0.743 0.457 
H5 sust_tur_ -> loy_Env 0.601 7.158 0.000*** 

Endogenous constructs assessment 

 R2 Adjusted R2  Q² 

env_comm 0.234 0.229 0.196 
green_prat 0.721 0.717 0.535 
loy_Env 0.553 0.547 0.480 
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Figure 1.  for path coefficients and R2 for the exogenous construct. 

5. Discussion and Conclusions 

The statistical model provided an interesting result regarding the influence of guest environmental concern in the evaluation 

of environmental communication and practices implemented by the hotels. Despite the hypothesis that guest environmental 

concern positively influences the evaluation of environmental practices (H2) is not supported by the statistical model, it is 

confirmed that guest environmental concern influences positively the evaluation of environmental communication (H3), which 

in turn positively influences the evaluation of environmental practices (H4). The evaluation of environmental practices will 

have a positive influence on guest loyalty to environmentally responsible hotels (H5), as well as guest environmental concerns 

(H1). 

The statistical model supports the positive influence of guest environmental concern in loyalty towards green hotels, as argued 

by Martínez García de Leaniz et al. (2017). Besides a greater willingness to stay and spread the word about the hotel, guests 

with environmental concerns are more aware of the information about environmental and sustainability practices. From another 

perspective, Penz et al. (2017) defend that environmental concern did not influence guest behavior, despite environmental and 

social values having a positive impact. In this case other service attributes were more important than sustainability and guests 

were not willing to pay more for a sustainable hotel.  

Another important result is that environmental communication is a key factor on the evaluation of environmental practices 

performance, and indirectly influences guest loyalty. The positive effect of certified eco-labels in customer perception and the 

importance of environmental communication as a driver to competitive advantage are also supported by Penz, Hofmann, and 

Hartl (2017) and Martínez and Rodríguez del Bosque (2013).  

Nevertheless, interviews to hotel managers in London provided different results on the use of certified eco-labels as 

communication tools (Geerts, 2014). In this case, eco-labels’ effectiveness was compromised by the high number of possible 
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certification schemes, guest unwillingness to select hotels by their environmental certification and the need to achieve a high 

performance level to guarantee competitiveness. An interesting question emerging from this result is whether hotels should 

also adapt their communication strategy to get to a wider audience (including guest with lower levels of environmental 

concern) and therefore raise the environmental awareness among common guests. 

A possible strategy to reduce information asymmetries between guests and hotels is to integrate service and environmental 

quality, allowing to increase customer satisfaction (Kassinis and Soteriou, 2015). The evaluation of environmental practices 

with a positive influence on guest loyalty is supported by the statistical model, as well as by Martínez García de Leaniz, 

Herrero Crespo, and Gómez López (2017) and Y. Yusof et al. (2017). In this case, environmental practices are considered as 

any other key service provided by the hotel, contributing to attract guests, especially those with high environmental concerns. 

Finding the key variables positively influencing guest loyalty provides hotel managers a guidance to the development of the 

hotel strategy, in order to potentiate the benefits of certified eco-labels and achieve better overall results in the management of 

the hotel. 

Summarizing, how guests perceive and evaluate environmental communication and practices will influence their behavior 

intention by affecting loyalty to environmental responsible hotels. Therefore, hotel managers should focus their efforts in 

providing an improved communication and environmental performance, leading to positive evaluations on these aspects. 

Moreover, this evaluation is positively influenced by guest environmental concern, thus raising awareness towards 

environmental issues among the public in general will contribute to increase the recognition of eco-label certified hotels. 

The study presents some limitations to be pointed out. First, one limitation relates to sample size and convenience sampling, 

as we have selected only two hotels obtaining 152 questionnaires, which is a small sample, so scholars need to be careful in 

generalizing our results. Secondly, in order to obtain more generalizable considerations, the scope of the research may be 

extended to other hotels with similar certifications or to non-certified hotels.  

Next, as service quality is a multi-attribute construct, the scope of the survey should be extended to the other hotel service 

attributes, together with those linked to environmental sustainability. This would support both researchers and practitioners to 

better understand the simultaneous effect of green attributes together with other service quality attributes in the formation of 

customers’ behavior.  

The validation of these results by hotel managers would constitute an interesting development of the present study, in order to 

better understand the relation between environmental communication and practices, guest environmental concern and loyalty 

towards environmentally responsible hotels. The inclusion of different perspective on these research questions will allow to 

improve the identification of the factors affecting guest behavior intention. 

Further research on how certified eco-labels in the hospitality industry effectively promote guest loyalty to environmentally 

responsible hotels would be valuable, since it would allow to adapt these tools to the specific needs of hotels. Voluntary-based 

tools evolution should keep up with hotels needs to assure competitive advantage through improved sustainability performance 

and follow guest demand for trustworthy information on sustainability practices, supporting environmentally oriented 

behavior. Additionally, further research could explore the most effective ways to communicate the efforts made by the hotels 

to reduce their environmental impact, in order to develop a communication stategy able to create value for hoteliers and guests.  
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Abstract 
It is proven theory, unfortunately not implemented yet, that “sustainability” is not (should not be) an issue that can be dealt 

with separately as an individual sector; since it involves every aspect of society: i.e. our model of economic development; 

welfare; the environment. 

ESG (Environmental/Social/Governance) itself in defining the sustainability of investments incorporates the five Ps of 

sustainable development: Planet, Partnership, Peace, People, Prosperity. 

However to correlate economic, social and environmental sustainability, we should start by reversing the scale, starting from 

the bottom, from the territorial districts, moving upward to the Region and finally reaching the national level. The job should 

start immediately as it can’t wait any longer: avant qu’il ne soit trop tard and effectively, the transition from theory to 

practice should begin by analyzing the specificities of the economic context (industry 4.0), social (migrants, aging 

population, urbanization), environmental (green economy).  
The following research (the result of a collaboration between the PDTA - Sapienza di Roma Department with a family 

business enterprise - AC Engineering SpA) combines social sustainability (eco-friendly building), environmental 

sustainability (LCA) and economic sustainability (a family business that is taking off towards construction 4.0). The 

proposed methodology  ̶  and the applied criteria, replicable in other realities  ̶  provided for the analysis of the context from 

a social, economic and environmental point of view; a survey on the tools, operators, rules available today; to then proceed 

with a technical proposal paying particular attention to the environmental aspects measured through a “gate to gate” LCA to 

quantify the impacts and propose solutions to: improve environmental performance, proceed towards the Environmental 

Product Declaration (EPD) certification and, thus as required by the new Procurement Code, meet the Minimum 

Environmental Criteria (CAM).  
How to proceed: in a transition phase that is already looking beyond industry 4.0, companies are called to innovate operating 

models: shifting from product companies to “product as service” companies. For those of us who work in universities, we 

need to collaborate with Competence Centers, centers of technological excellence, coordinated by universities using the 

public-private partnership formula, facilitating companies in digital transformation, while respecting the environment, 

towards the fourth industrial revolution. 

 
Keywords: Eco-solidarity, Family business, Industry 4.0., LCA, Prefabricated Components 

1. Introduction  

It is proven theory, unfortunately not implemented yet, that sustainability (be it economic, social or environmental) can’t 

(should not) be dealt with as a separate element or sector, since it involves every aspect of society. This is also what emerges 

from the reference framework provided by the United Nations in the 17 Strategic development goals. (UN, 2015). 

For some time now, the acronym ESG Environmental, Social and Governance has been used: a standard that defines the 

sustainable approach to investments, incorporating the five Ps of sustainable development: planet, partnership, peace, 

people, prosperity. 

Thesis confirmed also by Bob Giddings, Bill Hopwood e Geoff O’Brien: “Sustainable development is a contested concept” 

…economy and environment issues are interconnected with the economy dependent on society and the environment while 

human existence and society are dependent on, and within the environment. The separation of environment, society and 

economy often leads to a narrow techno-scientific approach, while issues to do with society that are most likely to challenge 

the present socio-economic structure are often marginalized, in particular the sustainability of communities and the 

maintenance of cultural diversity”. Giddings et al. (2002). 

Moreover a theory that has been represented and fully accepted, among the topics of the Conference: Production, 

consumption and innovation; Economic aspects of sustainability; Social foundations of sustainability. 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

340



In fact, if it is already difficult to coordinate environmental policy on a global scale (see the various Cops), how is it possible 

to correlate economic, social and environmental sustainability? The scale must be changed and reversed from bottom 

upward, from the territorial districts, moving upward to the Region finally reaching the national level. 

In this context, a significant role is played by small and medium-sized enterprises (SMEs) which, together with family 

businesses, operate in the territory, in industrial districts, in Special Economic Zones (ZES) (DL n.91, 2017) or 

geographically and clearly identified areas, where business companies are already operational, and those setting up can 

benefit from special investment opportunities and development. Today there are more than 4,500 ZES in the world, 

established in 135 countries, which contribute to the maintenance of about 70 million jobs. So close to the demand and 

therefore constituting effective production systems, and being local, also more aware of the sustainability of the built 

environment.  

However it is necessary to begin right away: avant qu’il ne soit trop tard (from Laurent Dussaux’s film of 2005) and 

effectively not only on paper, from theory to practice.  

However it is necessary to identify and analyze the various contexts before operating “immediately” and “concretely”. 

The economic context: the actual “take-off” of “industry 4.0” to solve the problem of scarcity of financial resources, to 

recover points of GDP lost as a consequence of the economic crisis. 

The social context: the profound transformations of society expressed in those “battle words”: migration, suburbs, waste, 

criminality, which require greater investment in social housing, services and redevelopment of the suburbs.  

The environmental context: natural disasters, the green economy, enhancing natural resources, forestation, quality 

agricultural production, culture tourism, promoting local development. 

The analysis of the context in terms of new demand to be satisfied and of the tools and economic resources to be put into the 

field was carried out – thanks to a third party research between a family business operating in the seismic field and the 

PDTA - to create a technical solution capable of satisfying, at least in part, the new emerging needs. 

Particular attention – in configuring and patenting the technical proposal – was placed on environmental aspects using the 

Life cycle thinking approach; modeling the technical solution according to the Minimum Environmental Criteria (made 

mandatory by the new Procurement Code). Currently it is proceeding towards the EPD certification. From theory to practice, 

following a “circular” approach. 

2. Analysis of the context and evaluation tools 

The following research (the result of the collaboration between the PDTA Department - Sapienza di Roma with a family 

business enterprise - AC Engineering SpA) combines social sustainability (eco-building), environmental sustainability 

(LCA) and economic sustainability (a family business that is taking off towards construction 4.0). 

The proposed methodology – and the applied criteria, replicable in other realities – provided for the analysis of the context 

from the social, economic and environmental point of view; a survey on the tools, operators, rules, available today. 

The main goal was to come up with a technical solution taking into account social and economic issues  – set up according 

to a qualitative analysis of the context –  focused on environmental aspects measured through a “gate to gate” LCA. Further 

research activity on the subject will ensure the development of the Life Cycle Sustainability Assessment, LCSA (Kloepffer, 

2008) that will include the Life Cycle Cost, LCC (Hunkeler et al, 2008); the Social Life Cycle Assessment, S-LCA 

(Jørgensen et al., (2008) and a “cradle to cradle” Life Cycle Assessment (ISO 14040: 2006).  

What are the implications of a new demand for services, in which legal or regulatory framework and productive context 

could a possible answer be given, which innovations should be considered to meet the complex needs required by today’s 
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society? Specifically, what process and product innovations can a family business model pursue by collaborating, through 

the “third party” formula, with a University Department?  

In fact, there is a different demand for goods and services (which can be summarized with the term eco-solidarity 

architecture), both in terms of a circular economy (environmental sustainability) and in terms of a changed 

technical/economic context (industry 4.0). The client is involved (both public and private): building property is no longer 

owned but only “used”, connoted by digital & social and management/maintenance processes.  

 

a) The new social demand  

What are the implications of a new services demand: social commitment, solutions to environmental emergency problems 

and housing emergency caused by new forms of discomfort increased by the growing urbanization and migration 

phenomena that together determine further criticalities in the suburban and internal areas. (CENSIS, 2017). 

Unfortunately, the new demand arises from emergencies, the predictable ones: aging of the population, decrease of the 

population due to the decline in births; economic crisis that has cut welfare, progressive environmental damage; the partly 

predictable ones: reception of migrants; the unpredictable ones: earthquakes and/or environmental disasters. 

Disasters that as such, or rather unresolved emergency situations, also reveal waste and inefficiencies. 

But emergency or crisis, conversely, also stimulates social commitment that translates into forms of active participation, 

collaborative platforms, co-design according to the open source model. 

The question is how adequate a response can be depends on factors such as the population of cities that keeps increasing; 

(according to the UN World Population Prospects more than 7 billion people are settling in the cities and another 2.5 billion 

are expected between now and 2050), the needs of single citizens and the elderly, the population living in conditions of 

extreme poverty (from 2007 to 2016 there has been an increase of 106.9%) requiring homes that can also guarantee 

“personal services”.  

b) Now, what is the economic and regulatory context in which the building sector is today operating to satisfy the demand: 

industry 4.0., the digitalization of processes and the new Procurement Code. A sector that is also changing its name from the 

construction sector to the built environment sector that cannot fail to favor: the SMEs that make up the connective tissue of 

the territory at national level, which are confirmed as the country’s production center, with the capacity to link the different 

components of the supply chains with each other and to the research world; within them the family businesses; which are the 

“proximity” production, oriented to the domestic market that pulls the tertiary or service sector into the smart cities and in 

the smart land of local districts.  

Digitalization: which modalities should be implemented to influence the design, the continuity of the information processes 

from the formulation of the requirements by the client up to the completion of the executive project; also through its 

immediacy guaranteed by real time and finally leading to the management and disposal phase. 

In construction, an instrument such as BIM, Building Information Modeling, serves to change the traditional processes of 

commissioning, design, execution, maintenance, management and demolition as it deeply changes the nature of the real 

estate product. 

Contrary to what has been said by many parties, BIM is used to improve the consolidated processes for how they have 

always been, without having to rethink them. BIM is a cultural rather than instrumental approach, but culture must be 

shared. According to this logic, teaching students and operators the first rudiments of BIM today should take place with this 

spirit, taking into account the expected evolution of the market. (Ciribini, 2013).  

The use of tools such as BIM will provide an opportunity to relaunch the sector; involving clients, operators and future 

users; it is found in every phase of the building process, it is mentioned in the Community Directive on Public Procurement 
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and, as a result of this, in the new Procurement Code (D.Lgvo 50/2016) as mandatory by the (reticent) public client. in 

Europe, private customers have already made extensive use of the method. (Eubim, 2016) 

An investment plan that targets the sector can only be part of an industrial policy for the built environment, in parallel and in 

synergy with the National Industry 4.0 (MISE, 2016). 

Technical procedures: industrial culture has so far been mistakenly identified solely as prefabrication, rather than by more 

sophisticated organizational solutions envisaging more significant technological innovations. 

Although prefabrication in a non-industrialized sector exists, conversely there is an industrialization that does not use any 

prefabricated components; today many qualified research centers provide a massive relaunch of the “off-site” approach.  

Financial instruments: in view of the scarcity of public funding, a strategic role to relaunch investments can be played by 

public-private partnerships (PPPs); The CRESME National Observatory notes that the current critical issues could be solved 

by means of quality control systems for public services. The PPP, therefore, is no longer considered just a way to integrate 

public resources, but above all a tool capable of improving the quality of services. (CRESME, 2017). 

The only way forward is the “Industrial Plan for the Country” focused on investments. It will also be necessary to support 

private investments for the acquisition and development of 4.0 competence and skills while enhancing the Competence 

Centers, centers of technological excellence, coordinated by universities using the public-private partnership formula, 

facilitating companies in digital transformation, while respecting the environment, towards the fourth industrial revolution. 

The 4.0 industry plan requires, in addition to the technologies and competences, new models of work organization using the 

National Energy Strategy guiding Italy toward energy/power independence. 

c) New environmental demand 

The Italian territory’s exposure to natural calamity and catastrophes is high; the vulnerability of the building stock resulting 

70% inadequate in the event of a shock of average magnitude. Constant reference should be made to the 2030 Agenda for 

Sustainable Development adopted in 2015 by the 193 UN countries and to the 17 Strategic Development Goals which 

underline the close relationship between environmental dynamics and economic and social growth (ASVIS, 2017).  

The building sector has a set of defined guidelines to follow: urban regeneration, infrastructural reorganization of the 

territory, a “circular” approach for the economy, all of which need to be “fuelled” by public investment.  

The urban redevelopment sector is the only one to register a positive trend in the construction field; in the last three years it 

has grown by 20% and today represents 70% of the total market. An estimate elaborated by ENEA for the residential sector 

that on its own absorbs about 40% of energy consumption shows that consumption could decrease by one third. The 

improvement concerns 60% of the buildings built 40 years ago with high heat loss and with over 50% of consumption 

powered mainly by natural gas. (ENEA, 2017). 

A circular economy represents the future of companies but a change in business models will be necessary: performance 

measurement will be extended to the whole life cycle, including reuse or disposal. (Symbola&Unioncamere, 2016). 

Regulatory instruments: the new Procurement Code (D. Lgvo. 50/2016) has established new procedures and, although with 

lights and shadows and continuous setbacks, has also sought to further assume responsibility for the client, by analyzing the 

“technical and economic feasibility project “. 

Therefore the Minimum Environmental Criteria instrument, the so-called CAM, has been updated; the decree has defined the 

environmental criteria, identified for the different phases of the tender procedure, ensuring above-average environmental 

performance. In summary it establishes that: the administrations must refer to the CAM in the drafting of the documents of 

public tenders and must also indicate the highest score to be assigned to the offers that have the lowest impact on health and 

on the environment. (Decreto 11 ottobre, 2017). 
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Annex 2 of the Decree defines the minimum environmental criteria and guidelines on the assignment of design services and 

works for the new construction, renovation and maintenance of buildings. In particular: the designer must guarantee, when 

possible, the recovery of existing buildings, the reuse of brownfield sites, the location of the work in already urbanized areas. 

A reward score is attributed to the proposal of a professional accredited by the energy and environmental certification of 

buildings. The companies must be certified with the EMAS Eco-Management and Audit Scheme registration (EMAS 

Regulation No. 1221/2009) or a certification according to ISO14001: 2015 “Environmental management systems - 

Requirements and guidelines for use” or according to European and international environmental management rules.  

In addition, the project must include: in order to reduce environmental impact, without prejudice to compliance with 

applicable laws and the provisions of the specific product technical standards, a set of criteria common to all building 

materials/components such as: the disassembling capacity: at least the 50% weight of the building components and of the 

prefabricated elements, excluding the systems, must be subject to selective demolition at the end of their life-cycle and be 

recyclable or reusable. Of this percentage, at least 15% must consist of non-structural materials; recovered or recycled 

materials: must be at least 15% of the weight evaluated on the total of all the materials used; absence of hazardous 

substances. 

In addition, in all cases there is an obligation to verify: the designer must specify the information on the environmental 

profile of the chosen products and must prescribe that during the procurement phase the contractor abide by the criterion. 

The percentage of recycled material must be demonstrated through an environmental declaration of Product Type III (EPD), 

compliant with the UNI EN 15804: 2014 “Sustainability of buildings - Environmental product declarations - Key 

development rules by product category” and the standard UNI EN ISO 14025: 2010 “Environmental labels and declarations 

- Type III environmental declarations - Principles and procedures”. 

Unfortunately although the Minimum Environmental Criteria CAM, is (as stated above) a necessary requirement it is not 

fully satisfied since awarding procedures which are largely based on the “most economically advantageous offer”, are 

determined by public procurement committees whose attention to environmental issues is often lacking. 

3. Methods 

This is the context from which we started and which we have taken into account to design the technical proposal and the 

relative patent that is summarized here. Experimentation is part of the changing process “today” that has been outlined thus 

far; it has developed technical solutions and design assumptions whose main innovative features refer to both the process 

and the product. 

It is the patent of a prefabricated building system (Home Done) consisting of a base panel, in reinforced expanded 

polystyrene (reinforced EPS), with dimensional and morphological flexibility, for the realization of three-dimensional 

modules; an open prefabrication construction system, almost a kit, with a series of accessories in the catalog, with variable-

setting furniture solutions, which allow the same space to be used with different functions. The module idea in turn supports 

both the seriality of the product and the flexibility of living spaces. 

In reference to the process the entire production cycle presents a fourth generation industrialization process, efficiently 

managing each operation to be carried out in the factory, from the moment of arrival and storage of materials, to the 

packaging of the panels in ready-to-transport pallets. 

The core of the productive system is the printing machine (see Figure 1) assembling the three-dimensional steel wire with 

expanded polystyrene; this has also been designed to accommodate different types of moulds so that it is possible to produce 

flat and curved panels with different thicknesses and dimensions. Among the advantages in the use of EPS: the absence of 

risks to health (does not discharge harmful substances, cannot be affected by humidity or microorganisms) and durability (50 

years) while maintaining its properties unaltered over time. This significant simplification reduces costs, time and waste.  
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Figure 1. The printing machine that assembles a three-dimensional steel cage polystyrene. The entire production cycle, 

fourth generation industrialization, is in line with industry 4.0. Company in Umbria, photo, A.S. Sferra 

 

In reference to the product the basic element of the project is the panel that can be used both as a buffer and in internal 

partitions; it is composed of a three-dimensional galvanized steel wire incorporated in high density EPS; both the steel wire 

and the EPS coating can have variable dimensions depending on the different mechanical and physical performances 

required. The panel, for example can vary up to a height of 2.5m, thicknesses from 8 to 20cm; and density also variable 

between 10-55 kg/m3 and can have inside up to four steel wires. 

The panels can be easily moved by just two people, and can be assembled (and disassembled) dry by using a simple key; the 

connection between panels is through a hook (patented by the company) that allows fast anchoring between them in 

sequence. The different solutions available provide for the total or partial installation of the systems (air conditioning, 

electric, toilets and kitchen block).  

As far as transportability is concerned, the disassembling of the structure into separate components allows an adequate 

distribution during loading and maneuverability and while unloading with contained processing time, opening possible 

alternative solutions such as self-construction. The construction system has the advantages of the structures being already 

assembled in the factory: the assembly is very fast (the 42m2 residential unit can be assembled with only two workers in less 

than 5 hours ) without limitations in shape and mass in relation to the legislation and possibilities of the means of transport. 

The constructive system is flexible in terms of satisfying the “new demand”, both for the continuous technological 

innovations and for the adoption of more performing materials. 

The residential module therefore meets the requirements of: reduced volume weight, resistance to earthquake, resistance to 

strong winds, fire, thermal and acoustic impacts; it also guarantees speed of assembly/dry disassembly, durability, 

maintainability. All these properties have been certified as required by law; moreover the modules are compatible with 

different coating/finishing materials/solutions.  

In emergency situations, it is able to provide actual operational proposals in terms of: a) m2 of (functional) dwellings that can 

be realized in one day/week/month; b) costs per m2; the foundations, the sewers, light and water supply provided by local 

companies. As far as costs are concerned, the production system allows to predetermine costs accurately at the factory 

according to the scale of the order. (see Figure 2) 
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Figure 2. From residential emergency, fixed in time, to an eco-sustainable/environment-friendly solidarity architecture 

dilated in time in order to the interpretation of the new demand, photo AC Engineering 

   

From an environmental point of view, a gate-to-gate LCA with primary (direct) data of the activities carried out in the 

Company – related to the production/assembly of 1m2 of a reinforced EPS panel – was conducted on the basis of the 

acquired direct data. Furthermore, according with the LCT approach, the upstreaming activities (extraction and processing of 

raw materials and related transport) and down-streaming ones (management and maintenance), disposal and management of 

waste have been set qualitatively. 

The production process in the Company (Core process) consists in the expansion and transformation of high density EPS 

polystyrene, installed first in the moulder machine, then in the panel machine to be assembled together with the wire mesh.  

The functional unit (FU) was 1 m2 of panel (thickness 10cm, density 45k/m3) considering a 50-year durability hypothesis. 

The system boundaries were considered using a gate-to-gate approach where impacts were evaluated considering the 

transport of the materials (wire galvanized steel 2.6 kg/m2 and expandable polystyrene 4.5 kg/m2 of which 10% comes from 

recycling directly in the plant) to the factory, and its transformation until obtaining the panel ready for delivery (to the gate).  

The materials are transported from the supplier company to the production plant along 300 km and 1000 km by road, 

respectively. The process requires 1.67 kW/m2 of electricity and 1.1 liters/m2 of water (taken from the recycling plant). 

The life cycle inventory data used in the assessment “gate to gate” of the panel are summarizes in Table 1. In order to 

identify the environmental aspects associated the Ecoinvent v.3 database, from SimaPro 8.0.4.30 library was used; the 

impact assessment was carried out using baseline characterization factors from CML assessment method. Table 2 

summarizes the main tested technical properties of the reinforced EPS panel related to the FU.  

 

 
Table 1. Life cycle inventory primary data during the factory production process of 1m2 of reinforced EPS panel. 

 
Stage Input Quantity (unit) 

transport transport truck >10t, 

Euro3 default 

5,7 tkm 

electric power from the 

Italian’s national grid 

1,67 kWh 

 

 

manufacturing 

process water 1,1  l 
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Table 2. Main technical properties of the reinforced EPS panel related to the FU. 

 

Property Value (unit) Rif. code 

thickness 10 cm - 

weight/m 8,68 kg/m2 - 

density 45 kg/m3 - 

bending strength 260 daNm ACI 318, n 

compression strength 408 daNm ACI 318, n 

shear strength 6566 daNm ACI 318, n 

thermal conductivity 0,0315 W/mK UNI EN 13163 

 transmittance (vertical panel) 0,32 W/m2K UNI EN ISO 9972:2015 

fire resistance (vertical non-load bearing) Class E UNI EN 1363-1:2015 

    

4. From a (general) context to (local) experimentation: results/discussion  

As it was mentioned in the methodology, the manufacturing process (activities carried out in the Company) and transports 

(from the supplier company to the production plant) were considered in this gate to gate LCA. Table 3 shows the 

contribution of the manufacturing process and transports to each impact category. Main impacts in the ADFF and GWP are 

related to the consumption of fossil fuels for electrical energy requirements and transports. 

 
Table 3. Potential environmental impacts from the manufacturing of 1 m2 of reinforced EPS panel. 

 

Impact Category Amount Unit 

Abiotic depletion (AD) 0 kg Sb eq 

Abiotic depletion (AD FF) 0.402E+02 MJ 

Global warming (GWP) 0.223E+01 kg CO2 eq 

Ozone layer depletion (ODP) 0.648E-07 kg CFC-11 eq 

Photochemical oxidation (PO) 0.549E-03 kg C2H4 eq 

Acidification (AC) 1.078E-02 kg SO2 eq 

Eutrophication (EU) 0.155E-02 kg PO4 eq 

 

Furthermore, Concerning both the a) up-streaming and b) down-streaming phases an initial quality survey was conducted to 

identify the most environmentally critical activities while waiting to conclude the direct data collection, to elaborate the 

cradle to cradle LCA and start the EPD certification procedure. 

a) Up-streaming 

Extraction and transformation of raw materials and /or transformation of materials coming from the recycling process: the 

production process in the factory is based on the use of galvanized steel wire and polystyrene (PS) to be expanded; both 

materials are obtained from processes external to the plant, both of extraction and subsequent processing of the respective 

raw materials and the use of “secondary” materials coming from recycling. Steel and PS cargos are transported by road. The 

unexpanded polystyrene is contained in plastic bags, while the electro-welded steel wire mesh in strapped containers. 

Depending on the % of materials coming from recycling, impacts can be reduced by about 40-45 %: those associated with 
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transport are mainly due to the distance and to the means used rather than to weight; as far as packaging is concerned, both 

are recyclable.  

b) Down-streaming 

Installation/assembly: according to the needs of the client, the project specifications, the variables of the context (climate, 

wind, earthquake) it is possible to create many modular types; in all cases the panels are dry assembled; from two to three 

workers may be necessary, the auxiliary assembly equipment are: adjustable wrenches for screwing the hooks, access 

platforms and scaffolding in the case of multi-floor modules; assembly times can always be estimated: between 4 and 5 

hours. Consumption of energy; during installation the impacts amount to almost zero. CO2 emissions caused by transport of 

the panels to the construction sites are significantly influenced by the type of vehicle and the distance traveled, whereas the 

emissions associated with the weight of the panels are negligible. The installation does not generate waste. 

Use/maintenance phase: during the use phase the technical characteristics of the prefabricated system guarantee simplicity 

and reduced costs of maintenance and management; as regards energy performance, the values of thermal transmittance 

guarantee energy consumption within the limits of the law.  

End of life cycle/disassembly and waste management: once the programmed life cycle has been completed, disassembly 

activities are completely similar to those described in the installation: number of workers, equipment required and also in 

this phase, the estimated timetable. Sustainable waste management, following dismantling, firstly allows for reuse in the 

same way; panels can also be recycled: about 80% of EPS and 95% of steel. In case of the panels reuse the impacts are 

almost zero; in the case of recycling instead, they are variable according to the specific processes necessary for recycling. 

5. Conclusions 

At the end of this research phase, in terms of environmental sustainability, it emerged that the activities carried out in the 

factory mainly concern Abiotic Depletion (AD FF) and Global Warming (GWP); such results contribute to: the efficiency of 

the machines, the fourth generation production process (timetables, quantities, constant monitoring of costs), the recycling of 

10-20% of the EPS directly at the plant and finally the plant for the recovery of water. Since the main impacts depend on the 

consumption of electric power produced from fossil fuels, at the factory in Santo Domingo (Dominican Republic) an 

experiment is under way to verify the technical and economic feasibility of the production of electrical power exclusively 

from renewable sources; the choice of the location was also motivated by the need to cope effectively with the relevant 

requests for housing caused by serious environmental emergencies. As stated above, further research activity on the subject 

will ensure the development of the Life Cycle Sustainability Assessment, taking into account the three pillars of 

sustainability.  

How to proceed: (in particular the Academic/scientific world, i.e. those working within Universities and conducting research 

activities): by collaborating with Competence Centers: 

- In this fast moving transitional phase, which is already looking beyond industry 4.0, it is necessary to support companies to 

innovate operating models: (economic sustainability); 

- Favoring the change from product companies to “product as service” companies according to a logic of sustainable 

development in the building sector (social sustainability);  

- Supporting SMEs and family businesses that by operating on-site and in tight synergy with their territories are more aware 

and sensitive to environmental sustainability. 

Thus the three “types” of sustainability. I have written this article to provide some sort of contribution, and also, perhaps 

immodestly, to confirm what was stated in the introduction: “It is proven theory, unfortunately not implemented yet, that 

sustainability (be it economic, social or environmental) can’t (should not) be dealt with as a separate element or sector, 

since it involves every aspect of society”.  
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Abstract 

With half of the world population currently living in urban areas, the built environment plays a fundamental role in sustainable 

development, as well as the behaviour of its inhabitants. While retrofitting existing buildings is an efficient way to reduce 

environmental impacts, many European cities feature extended and relevant historic centres where energy efficiency 

improvements can be difficult to achieve without compromising the urban traits. The paper proposes a flexible, customizable 

and interactive index that takes into consideration both physical and cultural sustainability to support decision-making in urban 

design and retrofitting processes. It provides a detailed description of the methodology adopted to develop this index, its 

functionalities and further improvements, disclosing a new way to deal with the historic urban fabric in a sustainable 

perspective. 

Keywords: Decision-making; Sustainability index; Retrofitting; Interactive tool; Cultural sustainability 

1. Scenario: sustainability and urban fabric  

The problems related to the energy / city relationship represent one of the major challenges that contemporary society will 

have to face in the coming decades. In fact, in terms of "final energy" consumption (the fraction of primary energy actually 

available after transformation) buildings use 32% of total consumption, while in terms of "primary energy" consumption 

(natural energy sources not having undergone any processing or transformation) the percentage rises to 40% (Condotta, 2015). 

Urban areas are the main consumers of energy, above all for heating and cooling necessities, and the variety and quality of 

their building stock are of primary concern when addressing the sustainable development topic. 

The retrofitting process, both of single buildings and entire districts, is still an untapped opportunity that could considerably 

contribute to cut energy consumption in cities (Pili, et. al., 2013). However, such opportunity has to face the reality of our built 

environment. ‘Over 30% of the existing building stock in Italy consists of buildings built before 1945 (…) a proportion in line 

with the European average. Unlike for new edifices, where building processes and technological solutions already meet the 

principles of sustainability, in the case of historic contexts a deeper reflection is needed to define sustainable refurbishment 

and renovation of the building stock (…); that implies an affirmative agreement by different agents on different levels’ (GBC 

HB, 2016). 

How is it possible to conciliate sustainability issues with the traits of existing European cities? To answer this question, it is 

worth recalling – as pointed out in “La lunga durata del progetto e sostenibilità” (Albrecht, 2014) – that ‘the first author to 

use the word "sustainability" with today's meaning was probably Hans Carl von Carlowitz (1645-1714), who in his book 

Sylvicultura Oeconomica of 1713 called for a nachhaltende Nutzung, that is a sustainable use of forest resources’ (Grober, 

2007). Nachhaltigkeit means “sustainable” in German, literally “durable”, and expresses the ability to keep control of 

something over time, as the French term “durabilité” does’ (Du Pisani, 2006). The concepts of “preservation”, “protection”, 

and “maintenance” are of fundamental relevance and globally accepted when referring to the sustainability of natural 

resources, but whenever we speak of sustainability of human surroundings and design, some of these concepts grow weaker, 

as in the case of “environmental design”. With different nuances and levels of awareness, the original aim of environmental 

design was the well-being of the people in their living environment. Yet, the emerging ecological challenge has affected this 
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overall vision, comprehensive and rich in meanings and consequences (for example, the development of human-centred 

approaches to design, and the performance-based and participatory design methodologies), causing it to suffer a progressive 

flattening on issues regarding energy savings, environmental sustainability and governance’ (Lauria, 2017). In this sense, even 

though it is generally acknowledged that sustainability spans several fields of interest – involving the economic, social, 

political and environmental domains – it appears that when it comes to building analysis, assessment systems used to determine 

whether a building is sustainable focus predominantly on quantitative issues and rarely consider the qualitative aspects of 

sustainability that involve the social and cultural domains and cultural heritage in particular (Powter, Ross, 2005). 

This framework helps us to support a comprehensive vision of sustainability, also when it is related to buildings inside urban 

areas. Sustainability is not only a “green building” matter and the energy savings, environmental sustainability and governance 

aspects must be integrated with the preservation topic, in accordance with the concept of sustainability intended as 

Nachhaltigkeit. In the case of the urban environment, the elements that must be preserved and made “durable” to guarantee 

the ‘well-being of the people in their living environments’ are the urban space and its constituent parts. The latter can be 

historic listed buildings, but also existing buildings that are not heritage-listed play a fundamental role in shaping a nice, 

homely and cosy urban space and deserve our attention. Since historic centres took centuries to develop, they usually have a 

pattern whose structure has been forming through time using different construction techniques and materials, each one of them 

representative of a certain stage of the historical evolution of the city. 'The concept of heritage has expanded considerably in 

the past three or four decades. Previously confined to architectural and artistic masterpieces, heritage has evolved to include 

landscapes, industrial and engineering works, vernacular constructions, urban and rural settlements, and intangible elements 

like temporary art forms, skills and ways of life' (Powter, Ross, 2005). This widening dimension is stressed also by the EC 

Communication COM (2014) 477 about an integrated approach to cultural heritage for Europe, which maintains that 'heritage 

has many dimensions: cultural, physical, digital, environmental, human and social. Its value – both intrinsic and economic – 

is a function of these different dimensions and of the flow of associated services.' Moving beyond monuments or listed 

buildings, this perspective recognises the importance of all the elements composing urban space in a certain historic context. 

Therefore, if our aim is to improve the environment surrounding us, we should take into account a wider portion of a city’s 

building stock- and that poses a bigger problem concerning how to act: most of the times buildings have poor energy efficiency 

and there is only a limited number of retrofitting options available that would not compromise their appearance and distinctive 

features. 

In the light of the above, reconciling the principles of green building design with those of cultural sustainability appears 

essential. As reported by the Buildings Performance Institute Europe in the factsheet concerning the state of the EU building 

stock, 'a decarbonised building stock by 2050 means that the vast majority of buildings in the EU should be highly energy 

efficient, having, at least, an Energy Performance Certificate (EPC) label A' (BPIE, 2017). However, their analysis shows that 

less than 3% of the buildings really meet required criteria. Although the first EU building regulations on the subject were 

issued in the early 1990s, in the following two decades 'the standard of building envelope insulation was not sufficiently 

efficient' (BPIE, id.), and we have inherited a building stock in need of retrofitting larger than people usually think. 

Being aware of the actual situation is essential: since buildings are responsible for around 40% of energy consumption 

(Condotta, id.) their residents and users play an active role in achieving improvements. To make occupants more aware of the 

‘energy behaviour’ of the building they live or work in, it is necessary to provide them with information tools able to describe 

how the building-user interaction works, so that they can adopt informed behaviours and decisions. Moreover, reaching an 

appropriate level of awareness would mean to foster cultural sustainability in a wider perspective. On the other hand, collecting 

data about the urban fabric and its features - in terms of impacts, durability and energy waste - would be useful for general 

government (public administration-PA) actions intended to support energy savings policies and to provide guidance for 

renovation projects involving private properties, public areas and buildings. In this way, the urban environment would be 

improved in all its parts. 
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Setting out a general goal to reduce, by 2020, energy consumption by 20%, the 2010/31/EU directive addresses energy 

efficiency in buildings considering new constructions, major renovations (defined either in terms of a percentage of the surface 

of the building envelope or in terms of the value of the building) and installations. This regulation represents a major step 

forward towards sustainability with the introduction of the nearly zero-energy building (NZEB) criteria for every new 

construction, while in the case of existing buildings, a distinction is made between buildings officially protected as part of a 

designated environment and those which are not: for the former, Member States may decide not to apply minimum energy 

performance requirement – as their historic and artistic value is recognised and judged more important than energy efficiency. 

Any other existing building undergoing major renovation has to meet the energy performance criteria identified at national 

level, regardless of its features, construction period or distinctive traits. Given Europe’s widely varied building stock, the lack 

of more specific regulations makes it difficult to identify the design approach that best fits the context: meeting sustainability 

goals is dependent upon economics, community, social values and culture (Powter, Ross, 2005). 

On these grounds, we believe that sustainability is to be understood as a process that involves planning, environmental 

management activities and decision-making. There is clearly a need for a more comprehensive and pragmatic vision when 

approaching the retrofitting of a urban environment –one of the major challenges of contemporary society. In our opinion, an 

instrument is needed that can be tailored to the specific situation and is capable of analysing the urban pattern in all its features 

incorporating the sustainable perspective described in the previous paragraphs. That would allow citizens, designers and 

government authorities to decide where to operate, depending on the necessities.  

2. Tools for urban sustainable retrofitting: State of the Art 

The point of view illustrated above – and the need to go beyond energy performance issues when dealing with urban and 

building sustainability – has already been discussed both at regional and building level in some studies and by some work 

groups that deal with the topic of building sustainability. At territorial and urban level, a deeper knowledge of the features of 

the built environment can provide essential elements to guide local policies in all fields – cultural, economic, and 

environmental – contributing to a sustainable future of the communities involved. In this respect, some EU projects have 

looked at the topic from a wider and transnational perspective for the purpose of finding solutions to their shared interests after 

investigating complex systems in different areas. 

The CAT-MED project (Changing Mediterranean Metropolises Around Time - http://www.catmed.eu) aimed to create a 

platform for sustainable urban projects for cities in the Mediterranean area. It was launched by a transnational partnership of 

eleven metropolitan cities in Southern Europe to identify operational solutions that could be used to change urban behaviours 

to lower the environmental impact of urbanisation and limit greenhouse gas emissions. The main goal was to promote a 

sustainable, compact and multi-functional urban model, showing the best characteristics of Mediterranean cities and 

highlighting their ability to save natural resources in the face of global climate change. The work methodology involved, as a 

first step, the identification of a common system of urban sustainability indicators belonging to four main fields: Territorial 

management and Urban design, Mobility and Transports, Natural resources management, and Social and economic cohesion 

(parameters such as the percentage of pedestrian streets or the proximity to basic facilities were considered). Such indicators 

were used to track the evolution of the urban systems over a certain period of time. An analysis of the results made it possible 

to determine if the indicators – which each partner applied to a pilot area - were approaching the desirable range or, conversely, 

were drifting away from it. The project aimed at showing how the classical European and Mediterranean city, historically 

compact and complex, can serve as an example of an urban sustainable organization, thanks to its potential efficiency in the 

use of natural resources and close interpersonal relationships. 

In a completely different context, the CESBA Alps Interreg project (http://www.alpine-space.eu/projects/cesba-alps) aims to 

improve sustainability in the built environment of the Alpine territory through the development of an assessment tool at a 

territorial scale (CESBA STT), contextualized to include regional specificities. This instrument will be the common base for 

the project partners to develop regional harmonized and compatible assessment tools able to rate the level of sustainability at 
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a territorial level. It is conceived to support both decision-making policies and the monitoring of low-carbon policies over 

time. Indicators were selected, among other things, having regard to the EU 2020 targets, the UN 2030 Agenda and the 

EUSALP Action Plan. Each qualitative or quantitative indicator is associated to an assessment criterion, allowing to measure 

the performance levels reached by a certain territory. A first module concerns the effectiveness and quality of local policies in 

terms of participation and governance, while a second one is related to the performance in 5 main domains, namely: Territories 

and Environment, Energy and Resources, Infrastructures and Services, Society, Economy. This tool can be applied to support 

a decision-making process targeted to identify the best strategies to improve the sustainable qualities of a region. 

Focusing on a smaller scale, several assessment tools concerning building sustainability have recently been developed to 

evaluate retrofits carried out in historic buildings. Environmental and energetic sustainability was once considered to be 

impossible to achieve in restoration projects, especially in the case of listed buildings. Not only is the range of materials and 

installations suitable for use rather limited, but the buildings themselves have features that are unlikely to meet current criteria, 

not to mention the fact that the location and orientation of the buildings are given data. Thus, these assessment tools had to 

balance ecological and energetic sustainability needs with cultural issues. 

The GBC HB Italia (Green Building Council Historic Buildings®) aims at narrowing the gap between environmental 

sustainability and restoration knowledge and theories, to achieve the preservation and promotion of cultural heritage in its 

physical substance. That is why, in addition to the traditional categories of the LEED® rating system, the Historic Value 

domain was introduced to assess retrofit projects involving historic buildings, so as to determine if preservation needs can be 

reconciled with European energy efficiency requirements aimed at reducing the environmental impact of the building stock. 

In the 1.0.2016 version the percentage weight of the new Historic Value category on the total score is 18%, just behind Energy 

and Atmosphere (26%) and ahead of Indoor Environmental Air Quality (15%), with an equal focus on all the typical phases 

of the restoration project: the preliminary survey, the designing phase and the building site. An in-depth knowledge of the 

building’s construction features is essential for planning measures, as are the principles of reversibility, compatibility and 

durability, with special attention being paid to planned or preventive maintenance. 

Also BREEAM® issued a protocol for the Sustainable Refurbishment of Heritage Buildings concerning the sustainable 

improvement of buildings which are either listed or located in conservation areas. Besides the complexity of renovation works, 

it is unlikely that historic buildings can be assessed using the standard metrics that apply to new buildings. This led to the 

introduction, in 2014, of several changes to the scheme layout with the intent of providing more flexibility for renovation 

projects: four new thematic categories (Fabric and structure, Core services, Local services, Interior design) allow the 

certification to focus on a certain dimension, depending upon the scope of the work. Moreover, several changes were made to 

the Energy, Materials and Water categories to take into consideration the specific features of the heritage building being 

assessed, focusing on all feasible physical improvements that can combine preservation and energy performance, fostering a 

qualitative approach rather than setting specific performance targets. 

Since listed buildings are excluded from the 2010/31/EU directive, also European projects focused their research on the chance 

to improve the sustainability of historic buildings or neighbourhoods. The Intelligent Energy Europe project SECHURBA 

(Sustainable Energy Communities in Historic URBan Areas) involved partners from seven Member States, with the aim to 

investigate whether cultural heritage can be an opportunity for carbon reductions rather than a barrier. Audits conducted on 

historical buildings revealed large energy saving potentials. Moreover, a software-based multi-criteria tool was developed to 

help decision-makers with projects involving historic buildings and historic areas. Once the goal has been agreed upon, a 

building analysis is conducted and a hierarchy of the decisions to make can be established: it is possible to undertake the 

assessment achieving a final ranking of the alternatives. Social, financial and political points of view are also taken into 

account. 

This overview of the State of the Art shows that, thankfully, cultural traits are becoming a relevant feature when considering 

sustainability: assessment schemes and urban quality indicators include the cultural and social issues in their ranking systems. 
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While on the one hand this represents a welcome improvement, on the other hand some of the tools lack flexibility. This is not 

due to a shortcoming of the tools themselves – in fact they all perfectly carry out the tasks they have been designed for – but 

they operate in their application field without considering a wider perspective. In fact, when looking at energy savings, physical 

improvements and environmental sustainability, these tools mainly consider actions planned for a single building (the focus 

being on the renovation project). Instead, when they adopt an urban scale point of view, they concentrate on policy making 

and the holistic vision fails to examine in depth the energy performance and improvement opportunities. Moreover, tools are 

not customizable and cannot be consulted by all the subjects involved, such as citizens. 

3. Research and aims: The Urban Energy Pattern 

The opportunity to work on these topics comes from two European research projects funded under the Interreg Italy-Austria 

programme. They are the “Urban Energy Web” project (www.urbanenergyweb.eu) and the “IDEE” project (www.interreg-

idee.eu). The results of the “Urban Energy Web” research activities are currently being improved in the context of both the 

ongoing “IDEE” project and a PhD research work. 

The purpose of the research is therefore to devise an instrument to support decision making processes and to enhance 

sustainability inside urban environments through the identification of areas or buildings suitable for energy-saving 

improvements. From the conceptual point of view, the tool that we have designed is a mix between an assessment system and 

an interactive web index to be “installed” in a Public Participatory Geographic Information System (PPGIS). In fact, the goal 

is to make a sustainability assessment of all buildings in a certain urban environment in real time, gathering relevant and useful 

information to be made available to local authorities, house owners and citizens in general. The tool that we have devised is 

called “Urban Energy Pattern” (UEP). From a technical point of view, it is an index of energy-environmental sustainability 

features of buildings in relation to the urban context which they belong to. On the other hand, it is also an index of the 

potential/residual efficiency of a building or a portion of the urban area. Its aim is to measure how the performance of the 

"building system" - considered as a part of the "city system" - can vary depending on a number of variable urban and social 

contextual conditions. For this reason, its flexibility reflects the complexity of the urban pattern in a city. 

4. Methods 

The UEP is based on an index which includes several parameters: each one of them is a performance indicator concerning a 

specific feature and considered together they provide an indication of a building’s sustainability level. It is worth noting that 

the Urban Energy Pattern doesn’t aim to classify buildings according to a certain ranking scale, but rather to map and point 

out, at urban level, any areas, neighbourhoods, or individual buildings that are worth looking into because they have a non-

efficient energy performance or because they could provide an opportunity of energy-saving improvements through retrofit. 

It should also be stressed that this index has been conceived as a decision-making tool to support the planning and management 

of different projects and actions in the urban environment aimed at fostering sustainability. For this reason, it has been designed 

as an “open” and “customizable” system that can be tailored to the specific urban context or issues under investigation.  

With regard to the test conducted in the pilot area of the Urban Energy web project, the following four performance indicators 

were chosen: 

• Actual heating energy consumption of the building. The parameter identifies the energy consumption for heating 

and sanitary hot water which involves the direct use of fossil fuels (natural gas, diesel oil, wood, etc.) 

• Heat loss. The quality and performance of the building envelope are evaluated using the urban thermomapping 

procedure, an analysis of the building façades carried out through infrared thermography surveys in the pilot area. 

Output images reveal the performances and the criticalities of the building envelopes, allowing buildings to be 

ranked in classes according to their thermal behaviour. 
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• CO2 emissions. By linking actual consumption and the actual amounts of fossil fuel used, it is possible to estimate 

the CO2 produced by the buildings. 

• People and practicality. This parameter takes in consideration behaviours or family patterns influencing consumption 

trends. In addition, based on the number of residents or regular users of the building, the consumption per person 

can be calculated. Unlike consumption per m2 or per m3, this is a preliminary or tentative measure of the individual 

environmental impact. 

The following pages describe how the indicators can be combined to obtain the Urban Energy Pattern. Its application to the 

City of Feltre – the pilot area of the UEb project, a real test-bed for fine-tuning the scientific calculation method – will be used 

as an example. 

Existing databases, large scale surveys and specific questionnaires were used to gather the necessary data. For instance, in the 

Feltre case study, the private local gas company provided the actual fuel consumption for every building, while a questionnaire 

concerning the alternative energy sources supplied the related documentation for the whole urban area. Information from the 

city authorities’ databases and laser scanner aerial surveys allowed us to calculate the volumes of the buildings and to know 

the number of occupants for each one of them, so as to determine the consumption per person. A sample of around 100 

buildings, both private and public, was investigated by means of infrared camera surveys in order to evaluate the heat loss of 

the building envelope. We are currently considering how to improve this case-specific methodology through kinematic 

thermographic surveys that allow to gather IR information of entire streets or neighbourhoods in a rapid way. 

A full description of data acquisition methodologies used in the Feltre case study can be found in (Condotta, 2017). 

 

Figure 1. Example of a test using kinematic thermographic surveys (image elaborated by Land Technology & Services s.r.l).  

The UEP is a dynamic and customizable index, where the weight of the performance indicators can be set by the users based 

on their specific needs. In this way, the study can focus on a specific feature of the building (e.g. the quality of building 

envelopes revealed by the heat loss parameter) overlooking others (because, for instance, the main goal is to identify buildings 

requiring façade maintenance). As mentioned earlier, four performance indicators were used in the case study: consumption 

[C], heat loss [D], emissions [E], people [P], and their values are calculated through the parameters shown in Table 1: 

Table 1. Performance indicators and parameters. 

Indicators Parameters 

Consumption Annual consumption - kWh per m3 

Heat loss Evaluation of the façade thermomapping  

Emissions Tons of CO2 emissions per m3 

People Annual kWh per person 
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Each one of the above-mentioned parameters produces a result in the form of a number but uses different units of measurement 

and physical quantities: to make all of them comparable, a common ranking was used to even out the results. 

 

Figure 2. Ranking and values used to even out different performance indicators of the UEP. 

First of all, as illustrated in Figure 2, a scale of five values of the Urban Energy Pattern index has been defined: from the best 

[5] indicating high sustainability and consequently excellent energy performance, to the worst [1] revealing a poor 

sustainability of the building – with three other levels in between. In order to set the value of each of the performance indicators, 

the same division into five levels was applied: the threshold values for the five classes are set by an analogous categorisation 

of the measurements specified by the respective parameters. In this way, every number expressed by a parameter falls into a 

category from [1] to [5] comparable to the categories of the other indicators. This division in classes is essential to ensure that 

the tool is highly customizable: the categorisation derives from the average urban values gathered in the analysis, making it 

possible to adapt the evaluation to different urban contexts with a tailored approach. Combining all the data, the Urban Energy 

Pattern index is obtained according to the following calculation formula, where 'α' represents the weight of the specific 

indicator: 

UEP index = (C x αc + D x αd + E x αe + P x αp) / (αc + αd + αe + αp) 

The formula produces a UEP value that may vary between [5], high sustainability and excellent energy performance, to [1], 

bad sustainability and poor energy performance. The values [C], [D], [E], [P], now all belonging in a range from [1] to [5], are 

the input data acquired, while the 'α' value depends on the importance that the user attaches to the specific indicators, allowing 

customization of the investigation. For instance, in the pilot area case, the values attributed to 'α' followed a doubling sequence, 

with each term after the first being twice the previous term: 1, 2, 4, 8, 16. Therefore it was possible to assign to each 

performance indicator an almost null impact [1], the highest weight [16], a medium importance [4] or two other intermediate 

weights, namely [2] or [8]. 

Figures 3, 4 and 5 are an example of the application of the Urban Energy Pattern in the Feltre case study. The pictures show 

some screenshots of the UEb Public Participatory Geographic Information System. The weight of the performance indicators 

can be adjusted directly from the web portal by moving the slider of each indicator (see the toolbox on the right of the map). 

The tool can change the value of α in real time and can automatically calculate the new value of the UEP. 
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Figure 3. A UEP screenshot from Urban Energy Web PPGIS tools. In this figure, the performance indicators are positioned 

at the same level- as shown in the toolbox on the map.  

 

 

Figure 4. A different analysis using the Urban Energy Pattern with performance indicators maximising the incidence of 

energy consumption. 
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Figure 5. Another alternative analysis with performance indicators maximising the incidence of the people indicator in the 

computation of the UEP. 

The Urban Energy Pattern proves to be a useful instrument in the analysis of the urban fabric and offers a comprehensive 

perspective to base policy-making on. Its flexibility results from the possibility to configure its performance indicators 

according to the specific aim of the research being conducted: this enables cultural sustainability features to be included in the 

analysed parameters. Since UEP takes into account citizens’ behaviours and practices, it is already possible to use it to monitor 

sustainability awareness (keeping track of the outcomes of informative meetings or incentive schemes). A new performance 

indicator concerning the environmental and cultural features of the buildings represents a further improvement. Similarly to 

the other indicators, to ensure comparability a parameter and five levels are used for assessment. It should be noted that since 

the UEP parameters are based on the average measurements of the area of study and the tool is tailored to a specific urban 

context, also the assessment of the cultural value of a building must be referred to the environment and context where it is 

located. 

To help assess the cultural value of a building, a variety of urban planning instruments can be used, including environmental 

permits and rules, provisions on conservation areas and listed buildings, on to municipal regulations. Every urban area is 

subject to a certain regulatory framework, whose aim is to preserve some distinctive traits of the historic or environmental 

background of the city. Since the rationale for municipal and regional analyses is the same, one can assume that the cultural 

evaluation is coherent and consistent within a wider territory. Moreover, this kind of multi-disciplinary approach that considers 

both environmental and heritage regulations reflects the cultural sustainability point of view. This perspective can be pictured 

in a multi-layered map, in which every level represents an urban planning tool that identifies the areas of interest: each one of 

the disciplines involved will highlight, on the relevant plan, the neighbourhoods or buildings being of value according to its 

branch of knowledge (see Figure 6). In this way, the more a district or building appears on the layers, the higher its cultural 

value - and the value of its close context; ultimately that will translate into a higher score for the specific parameter. To 

introduce the social field - another important feature of the comprehensive sustainable vision - it is necessary to see the territory 

as the place where a community lives and evolves and therefore to take into consideration the perception that people have of 

the places where they reside. Beside heritage assets officially recognised by the authorities for the purpose of managing or 

preserving them, it is important to consider also buildings and places whose cultural value is recognised locally and evidenced 

by the relationships between people and their environment. To visualize the local perspective, several participative approaches 

use so-called “parish maps”, which show peoples' tangible and intangible cultural assets within local landscapes (see for 

example Figure 7). Adding this layer to our analysis leads to a more comprehensive definition of the cultural value in the 
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Urban Energy Pattern. In this sense, also the LEED v4 stresses the importance of ‘contributing buildings’, or ‘contributing 

resources’, i.e. buildings without recognized historic value which nevertheless exhibit features that make them relevant in the 

neighbourhood and for the local community. 

 

Figure 6. An example about how planning and preservation instruments, as well as the community identity, could allow the 

identification of buildings’ cultural value in the urban context 
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Figure 7. An example of a “parish map” (source: PSR Regione Autonoma Friuli Venezia Giulia 2007-2013, Ecomuseo 

della val Resia) 

The flexibility of this approach allows incorporating additional layers deriving from other researches, offering a real chance 

to integrate cultural sustainability with the urban planning and heritage perspectives. As previously mentioned, given a certain 

set of layers chosen to map the urban fabric, individual buildings will appear on the map with different frequency depending 

on their relevance for the layer under consideration. This incidence can define the cultural value of buildings as a further 

indicator in the UEP index, as shown in Table 2. 

Table 2. Implementation of the performance indicators and respective parameters. 

Indicators Parameters 

Consumption. Annual consumption - kWh per m3 

Heat loss Evaluation of the façade thermomapping  

Emissions Tons of CO2 emissions per m3 

People Annual kWh per person 

Cultural value Incidence of a building occurrence in the chosen set of layers 

 

While designing the UEP, we looked at many other projects that dealt - or were dealing with - the dimensions we were 

investigating: energy retrofit, blending of innovation and preservation in historic buildings, flexibility and customization of 

policy-making tools in urban areas. This helped us implement the new indicator. In fact, in spite of the shortcomings we 

identified in the current investigations (see State of the Art paragraph), they proved useful at the time of designing a strategy 

suitable for historic contexts that could balance energy issues and improvement with the sustainability perspective. Concerning 

the regional and urban policy-making point of view, both CAT-MED and CESBA projects aimed at lowering the 

environmental impact of urbanisation through the monitoring of indicators and their trends in time, so as to assess potential 

performances and fine-tune the methodology. We determined that our tool should be able to provide a regular and up-to-date 

data report from the field with maximum user flexibility. Indeed, the Urban Energy Pattern is conceived to be a public 

information resource whose data are available not only for government authorities and policy-makers, but also for all citizens 
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because we believe that fostering the social trait of sustainable development is of the essence. In more specific terms, we share 

the BREEAM® perspective to pursue a qualitative approach in historic building retrofit rather than setting specific performance 

targets: the acknowledgment of the cultural value of the building makes it possible to combine preservation and energy 

efficiency requirements without meeting all the criteria that usually apply to new buildings. In this sense, also the SECHURBA 

project focuses on the cultural value in the preliminary analysis of the building to determine a ranking of all possible 

alternatives for efficiency improvements. Like the UEP, it is conceived to be a decision-making tool about interventions in 

historic buildings or areas, taking account of different data, topics and branches of knowledge that are involved in the process. 

5. Possible applications of the Urban Energy Pattern tool: Results and Discussion 

During the practical application of the Urban Energy Web project to the pilot area, great importance was given to the synergic 

perspective of the project for the purpose of promoting a socially shared culture of sustainability. This led to the creation of a 

collaborative web platform that should encourage networking between local authorities, citizens and other stakeholders 

(researchers, technical experts, architects and building companies): they were given the chance to discuss the Urban Energy 

Pattern results. This online platform (actually a PPGIS) was launched during one of the several informative meetings that were 

part of the dissemination work package of the project, while other organisational meetings were held between partners to 

design and refine the collaborative methodology. The city platform allows to read the measurements of single performance 

indicators, as well as to customize the UEP Index deciding which of the indicators to highlight. The pilot area was the city of 

Feltre, in particular its historic centre, and the results were displayed building by building, making it possible for every citizen 

to understand the energy performance of his/her house and for the municipal authorities to show the state of the public building 

stock. The urban fabric consists of buildings built from the XV century to nowadays: the collected data clearly showed how 

the construction features typical of a certain historic period interact differently with contemporary energy demands and habits. 

This gave the inhabitants the chance to understand which steps they could take for a retrofit and sometimes to discover that, 

even in more recent houses, the heat loss of the building envelope is underestimated (the surveys took place in winter). The 

collaborative framework led to an increased awareness both of the sustainability issue and of the possible actions to undertake 

in an historic context, while the urban scale analysis fostered studies in the field of district energy supply. 

As already mentioned in the introduction, the reasoning and the research so far described have been carried out in the 

framework of the “Urban Energy Web” and of the “IDEE” projects. At the same time, the IDEE research group is working on 

the development of an open source tools called RIVUS: a ‘linear mixed-integer optimization model for urban energy 

infrastructure’ (Dorfner, 2016). The tool has been conceived to support the design of district heating systems considering 

different types of energy suppliers and of energy vectors, trying to determine the exact energy demand for each building. The 

planned procedure involves several steps. The first step is the identification of a study area: a neighbourhood, a district or a 

specific zone inside the city. Area-specific data must be entered in the Rivus tool: the road network, the location of energy 

sources and buildings, the buildings energy demand values and a set of investment, maintenance and use costs. It is then 

possible to run the Rivus procedure that analyses different possible scenarios and returns the optimal one with the best cost-

benefit value. 

As we have seen, the Rivus tool automatically selects the best district energy system solution, but the definition and 

delimitation of the intervention area must be done in advance. This phase is very important, and it must be done accurately to 

get useful results at the end of the whole process. The identification of the study area is left to policy makers, planners, 

architects or any other stakeholder in charge of implementing retrofitting measures at urban level. It is in this phase that the 

Urban Energy Pattern tool – enhanced with the "cultural sustainability features" we are going to implement – can be used to 

support the selection of some study areas that can be later analysed in-depth by means of the Rivus tool. 

Usually, the process of identifying the area to be analysed begins by looking at the zones having the largest number of buildings 

with high energy demand. In these areas, in fact, the high energy demand amortizes the investment costs to build the network. 

On the other hand, however, the investment costs could be used to improve the energy performance of the buildings through 
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substantial retrofitting, thereby saving money and energy. This second option is viable and easy to implement if the buildings 

have poor architectural and cultural quality, otherwise it is very hard to improve their energy performances through substantial 

retrofitting. The Urban Energy Pattern index can help identify potential urban areas suitable for district heating. The tool can 

be used in two different steps with two different purposes. In the first step, it can be used to identify areas where buildings 

with low energy efficiency and low cultural values are more concentrated. In these areas, in fact, the best solution is to invest 

in retrofitting policies – also for private buildings – making use of incentive schemes and tax reliefs. After having examined – 

and excluded – these areas, a further analysis could be performed. The flexibility and customization features of the index make 

it possible to track down those buildings that according to the Urban Energy Patter index already have a medium/good 

sustainable energy performance but that could reach an excellent sustainability level if their energy efficiency was improved. 

Urban areas or districts that host a relevant number of these buildings can therefore be good candidates for holistic energy 

master plans and worthy of an in-depth analysis through simulation tools such as the Rivus. 

6. Conclusions 

This research presents a preliminary methodology framework to design a dynamic and flexible indicator whose aim is to 

analyse building sustainability at the urban scale inside urban retrofitting processes. It introduces two important innovative 

features: first, high customization possibilities - since users can select and highlight the result dimension they are more 

interested in; secondly, the fact that the tool is not addressed only to local government authorities or researchers, but to the 

whole community. Also, its data can be consulted almost in real time: in fact, the information provided by the performance 

indicators can be updated within a certain time span, depending on the subject. The tool so far developed (in the Urban Energy 

Web project) and applied to the pilot area of Feltre, aims at managing an index mainly focused on the energy saving theme, 

with a first indicator related to the socio-cultural sustainability issue, meaning citizens’ behaviours and awareness. The next 

step in the process is to gain a better insight into the cultural and environmental evaluation of the urban fabric by refining 

related indicators and sub-indicators. The latter must be suitable for large-scale application involving several buildings at the 

same time: that means that they can be handled through a geographic database and the information they provide can be 

reconciled with that contained in existing urban databases. This investigation, with the additional intended improvements, will 

result in a multi-disciplinary research involving several fields: building technology (addressing construction, energy and 

cultural quality), building physics and spatial planning. 
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Abstract 
There has been much discussion in the literature on how ageing in place can be made viable, given the ageing population in 

many developed societies, such as New Zealand. This paper discusses the potential for the subdivision of existing houses to 
make them more suitable and cost effective for older and retired people. It also looks at the impact such conversions would 
have on the embodied energy (EE) of furniture and appliances. In this study, EE analysis is used to measure the environmental 
impact of the furniture and appliances associated with each design option. The calculation is based on six hypothetical 
occupancy scenarios, two before and four after conversion. The EE of the furniture, appliances and tool items at various life 
stages is assessed for each scenario and a life cycle energy (LCE) figure per occupant calculated. Results from the EE 
calculation of the furniture, appliances and tools within the house before and after conversion, show occupancy is the key 
factor in whether resources can be saved using this approach. Two people living in the original house use slightly less EE 
related to furniture and appliances per person over 50 years than four people in the same house converted into two separate 

units. However, the same four people in a shared living arrangement have a 23% saving of life-time EE. This study shows that 
conversion of existing dwellings in New Zealand seems a way to make ageing in place viable but will not necessarily be more 
resource efficient. More research is needed to identify the appropriate size of dwellings, design characteristics and living 
arrangements for the 65+ age group which can accommodate their needs and preferences and at the same time be space and 
resource efficient. 
 
Keywords: Ageing in place, Home modification, Lifetime homes, Embodied energy, Furniture and appliances. 

1. Introduction  

The 65+ age group in New Zealand has nearly doubled since 1981 and by 2050 a quarter of New Zealand’s population will be 

in this age group (Statistics New Zealand, 2015). Making appropriate housing choices is one of the most important decisions 

for this sector of society, many of whom are no longer in full time employment, while having such choices can lead to greater 

life satisfaction and better health (Office for Senior Citizens, 2013). According to Statistics New Zealand, the rate of home 

ownership for people aged 65+ is expected to decline (Office for Senior Citizens, 2013) while by 2050 numbers of older people 

with some form of disability are projected to increase by 60% (Statistics New Zealand, 2007). These two trends coupled with 

forecasts of more people in this age group living alone in the community (Office for Senior Citizens, 2013; Statistics New 

Zealand, 2015) lead to the growing need to address the issue of appropriate housing. One aspect of this is ageing in place rather 

than moving to a specially designed elderly residential facility, such as a retirement village. The aim of this study is to see 

what is possible when it comes to converting existing houses and through a life- cycle EE analysis including furniture and 

appliances, the resource implications of such conversions. McCamant & Durrett (2011) state that “from a sustainability 

perspective, rehabilitation of an existing building saves resources”, suggesting retrofit cohousing perhaps has lower lifetime 

resource use than new developments. Because it does not involve green field development but reuses existing built land it is 

probably more accessible and sustainable in terms of reducing resource use, construction materials, energy and waste and 

consequently, will lessen environmental impact. Earlier life-cycle energy studies have identified the critical factors influencing 

the lifetime energy and cost of residential buildings (Fay, 1999; Mithraratne et al., 2007) but their modelling of furniture and 

appliances has not considered using the house in different ways, such as for co-housing. 

Both the size and content of houses could be significant for the environmental impact of housing modifications. The contents 

can be important as these items usually have short lives making their recurring EE more important. Given that the embodied 

energy of the building envelope and fittings has been often studied (Fay, 1999; Mithraratne et al., 2007; Crawford et al., 2002; 

De Angelis et al. 2013) this paper focuses solely on the EE of appliances, furniture and tools (FATs). A previous study found 
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the size of the house influences the number of furniture, appliance and tool items (Khajehzadeh, 2017) and hence the energy 

involved in them. In addition, this paper looks at the relationship between the number of people in the house and the EE of 

their FATs. The aim is to assist designers and end users to make informed decision in their selection of furniture and other 

house contents to minimise the EE of this often ignored aspect of housing 

2. Selection of house 

In an investigation of New Zealand housing typologies and possible retrofit solutions by Ryan et al. (2008), ten house types 

representing 80% of the New Zealand housing stock were identified, one of which is the villa (1880–1920). BRANZ (2016) 

state, “villas were the most popular new home design in New Zealand from the 1880s through to World War 1.” In 2006 villas 

comprised 5.3% of the New Zealand housing stock (Page and Fung, 2008). In terms of villa plan layout, the living room and 

main bedroom typically face the street, with second and third bedrooms facing the side of the house, and service areas at the 

back (BRANZ, 2016). The central corridor, perhaps the dominant design feature of a villa, provides access to all rooms, 

including the bedrooms (Shaw, 1991). These villas were built almost entirely of timber (BRANZ, 2016). One storey villas are 

more common, although in more wealthy suburbs a significant proportion is two-storeyed (BRANZ, 2016). Shaw (1991, p.45) 

highlights the significance of the veranda in a villa stating, “The lean-to veranda became almost an obligatory feature”. Today 

BRANZ (2016) considers the villa to be a “popular renovation subject.”  

In order to evaluate the feasibility of retrofitting typical New Zealand houses from a sustainability perspective, Page and Fung 

(2008) developed a scoring system based on a number of physical characteristics, such as roof and sub-floor access, and the 

likely replacement cycle of building components. In terms of ease of retrofitting and upgrading, they found the top ranked 

housing types were the villa, 1920s bungalows and 1940s to 1960s mass housing. Moreover, in a study of home repairs and 

maintenance in New Zealand, James and Saville-Smith (2010) found that older New Zealanders predominantly live in detached 

single-storey dwellings. This information justified the choice of a villa for investigating the retrofit potential for housing for 

an ageing population. An existing 214m2 single story five bedroom (four bedroom + one office as specified in the original 

plan), built in 1909, was selected for conversion and the original drawings sourced from the relevant local authority (Figure 

1). 

 

Figure 1. The original villa with possible furnishing plan 
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3. Design considerations 

3.1.   Requirements for ageing in place 

In a study of Australian dwellings, Judd et al. (2010) found that older residents used spare bedrooms for activities other than 

sleeping, such as (from more to less frequent) home office/study, guest bedroom, hobbies, storage, ironing, and reading. Their 

research found a high proportion (95%) of respondents had one or more bedrooms, and 63% two or more, not used regularly 

for sleeping, (Judd et al., 2010). In a time-use study of New Zealand houses, Khajehzadeh (2017) found older people made 

more use of a study than all other age groups. It seems, therefore, that multi-purpose spaces could be suitable for those aged 

65+.  In 2013, nearly 80% of this age group who lived in private dwellings were in small (single or couple) households 

(Statistics New Zealand, 2015).   

The integration of nature into the built environment has been found to enhance wellbeing and quality of life, and thus human 

health (Beatley, 2011; Husk et al., 2013). This has led Yavari et al. (2016) to suggest the integration of indoor spaces, such as 

living areas, with outdoor space or a deck could encourage use of the outdoors and provide pleasant places for social 

engagement. This could be even more significant when it comes to designing smaller dwellings for older people (Yavari et al., 

2016). Khajehzadeh and Vale (2016a) found on average New Zealanders spend 0.55 hours/day at home outdoors in summer, 

with the corresponding figure for the 65+ sample being 1.09 hours/day. Therefore, in the conversions for this study, additional 

private and shared decks were included with their necessary furnishings, such as a barbeque, chairs and tables. 

Statistics New Zealand (2013) suggest there is an increasing demand for communal dwellings driven by the ageing population. 

Communal residential buildings, including co-housing, have also been identified as a sustainable approach to accommodation 

for people, as these provide a supportive and communal environment (McCamant & Durrett, 2011; Sanguinetti, 2012). 

Brenton, (2013) sees creating senior cohousing through retrofitting as an alternative for the older occupants of existing 

buildings, illustrating this with an example from the Netherlands in which a group of older people living in an apartment 

building kept a flat in their block untenanted to be used as a “common house”. This created a supportive and sociable 

community without the need for moving. Creating housing where residents could share spaces when required might also give 

them the opportunity to take advantage of having company and support through use of such shared spaces. From a 

sustainability view point, shared spare rooms could save resources in terms of the energy involved in using them (heating), 

their maintenance and furnishing. In addition, smaller units which are easy to heat and maintain would also make ageing in 

place more viable. 

3.2. Design standards 

Design standards have been developed to promote access in the built environment for those with disabilities. The 

implementation of these standards is widely acknowledged to enhance the quality of life for all people particularly the elderly 

and those with disabilities. Lifemark Design Standards (LM) were first produced in 2012 by the New Zealand organisation 

Lifetime Design Ltd, followed by a second version in 2016. Their aim was to assist an ageing population to meet their changing 

needs in more suitable houses, although a ‘lifemark house’ is also claimed to be beneficial for occupants and visitors of every 

age and ability (Lifetime Design Limited, 2012). LM, is a NZ version of the concepts of lifetime home and universal design 

although another investigation as part of this study found a lack of detailed agreement when it comes to designing dwellings 

for an aging and less mobile population (Yavari and Vale, 2017). 

Lifemark Design provides a star rating and points system within which every ‘lifemark‘ home has to meet the requirements 

specified in one of the three categories, including a 3-star lifemark home being fully adaptable in the future at minimal cost 

and a 5-star lifemark being fully accessible (Lifetime Design Limited, 2012). Giving the choice of a 3-star or 5-star rating 

enables the designer to meet the current and future needs of the residents and make a decision based on their situation. 
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Since the present study is conducted in New Zealand, the standards implemented in redesigning the case studies dwellings 

must comply with NZ standards. Because this research is concerned with existing dwellings the LM 3-star standard was used 

as the starting point. However, in some instances this was supplemented with aspects from UD and LTH. 

Based on criteria discussed above and according to 3 star NZ Lifemark, two schemes were prepared with different degrees of 

sharing.  

Scheme A: This is a conversion into two single units with some shared spaces. The first is a one-bedroom unit of 90.5m2 with 

a cellular plan arrangement and an 11.2m2 deck and the second a smaller one-bedroom unit of 66m2 with 17.5m2 deck. The 

shared area of 57.5m2 comprises corridor, entrance, guest suite and study/sitting room with a 19.8m2 roofed deck (Figure 2). 

The larger unit has also a private entrance. 

Scheme B: This is a conversion into two en-suite bedsits of 26.3m2 and 25.9m2. There is a shared deck of 20m2 and shared 

kitchen, combined dining/living room, corridor, guest room, study/hobby room, visitor’s bathroom and laundry with the 

collective area amounting to 161.8m2. Each bedsit has its own bathroom, TV and sitting area (Figure 2). The smaller bedsitting 

room has also a private deck of 8.7m2. 

 

Figure 2. Left: scheme A (scenarios 3, 4 and 5); right: scheme B (scenario 6) 

4. EE of furniture and appliances 

Life Cycle Assessment (LCA) is “a science-based, comparative analysis and assessment of the environmental impacts of 

product systems” (Klöpffer, 2014, p.2). Less attention has been given to furniture, fittings and appliances in many life cycle 

studies (Khajehzadeh and Vale, 2016b; Treloar et al., 1999). 

In this study, the EE of furniture items, appliances and tools was calculated to represent the environmental impact of the fit-

out of each design option. The EE is based on 6 scenarios: 

Scenario 1- The original house is occupied by a couple for 100 years. 

Scenario 2- The original house is occupied by a couple for 50 years, then without any change is occupied by a single person 

for 50 years. 
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Scenario 3- The original house is occupied by a couple for 50 years, when the house is converted to scheme A. Two couples 

occupy units 1 and 2 and use the shared spaces for 50 years, so four people now occupy the modified house.  

Scenario 4- The original house is occupied by a couple for 50 years, when the house is converted to scheme A. Two single 

persons occupy units 1 and 2 and use the shared spaces for 50 years, so two people now occupy the modified house.  

Scenario 5- The original house is occupied by a couple for 50 years, when the house is converted to scheme A. Two single 

persons occupy units 1 and 2 for 50 years, and a single person (as a carer/boarder) occupies the ‘shared spaces’ as private unit, 

so three people now occupy the modified house. The shared spaces in scheme A were refurnished without any change to the 

plan, through the installation of a mini kitchen in the living area, to allow for the shared space to become a third unit. 

Scenario 6- The original house is occupied by a couple for 50 years, when the house is converted to scheme B. This couple 

occupies bedsit 1 and bedsit 2 is occupied by another couple who are relatives (such as grandchildren saving up to buy their 

own home), so four people occupy the modified house and share the living room, kitchen/dining, laundry, guest room, 

study/office and decks. 

5. Calculations: method and assumptions 

Information about the types of furniture, appliances and tools people have in their houses come from Khajehzadeh’s (2017) 

study, which investigated the number of furniture, appliance, and tool items (FATs) found in New Zealand houses. Using the 

Statistics New Zealand (2014) room standard, the original house with 4 bedrooms and an office is considered to be an 8 room 

house.  For calculation purposes, for scenarios 1 and 2, FATs data from Khajehzadeh’s study for participants who lived in an 

8 room house including single and couple households were extracted.  

For each proposed scheme (scenarios 3-6), a detailed furnishing plan was drawn up. This proposed plan was then checked 

with the findings from Khajehzadeh’s survey. Based on Statistics New Zealand (2014) room standard, both units in scheme A 

are 4 room dwellings even though unit 2 has an open plan arrangement. A table of 129 items was established using data from 

Khajehzadeh’s survey of participants who lived in 4 room houses, including single (n=4), couple (n=4) and all households 

(n=9). Given the aim of the conversion was incorporation of LM standards, it was decided to lose furniture items which would 

make manoeuvring through various indoor spaces difficult. This was done by providing a clear turning circle of 1500mm for 

living spaces and bedrooms. The only major difference between the survey results and the proposed furnishing plan for a 4 

room house was the number of outdoor furniture items included. In the conversion proposals, private and shared decks were 

added to the northwest façade of the original house and a reasonable number of furniture items for outdoor activities were 

assumed. For the shared spaces, the layout and function of the spaces drove the selection of furniture. Scenario 5 is an example 

of different furniture in the shared area. A part of shared area is used as mini kitchen in this scenario while in scenarios 3 and 

4, shared spaces are used as a guest room and study/sitting room. 

Khajehzadeh’s (2017) investigation of 260 New Zealand households identified 140 furniture, appliance and tool items in New 

Zealand houses (apartments were excluded in this study). Based on the method described above, 69 items were used in this 

study. These comprise 33 appliances, and 32 furniture and 4 tool items, used both indoors and outdoors. The EE of each 

furniture, appliance and tool item was calculated using the Treloar (1998) cost based method. In an EE analysis of fixtures, 

fittings and furniture for Australian office buildings, Treloar et al. (1999, p.407) used this method to give a comprehensive 

image of the “energy implications of the demand for new fixture, fittings and furniture” and “better indications of the 

environmental loadings attributable to the manufacture of new fixture, fittings and furniture to satisfy demand”. The Treloar 

method uses an estimated 8MJ/$ for furniture and 10MJ/$ for appliances with the minor difference between the Australian 

and New Zealand dollar being ignored. This method has previously been used by Khajehzadeh (2017), Vale and Vale (2009), 

Mithraratne et al. (2007) and Fay (1999). Using the median price and the useful life of items from Khajehzadeh (2017) the 

initial (Year 0) and recurring EE of furniture, appliances and tool was calculated for the six scenarios. It was assumed that 

furniture and appliances are replaced at the end of the useful life of each item.  
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6. Results 

Using the methods discussed earlier, the EE of furniture, appliances and tools items was calculated for scenarios 1-6 at various 

life stages (Table 1). To identify the impact of before and after conversion for each scenario, the respective EE for the last 50 

years is shown in the last column of Table 1. As in previous studies (Khajehzadeh, 2017; Treloar et al., 1999; Yavari et al., 

2018), findings from this study also show that the EE of furniture and appliances is a very significant component of the life 

cycle energy of a building.  

Table 1. EE of furniture, appliance and tool items of 6 housing scenarios at various life stages 

Scenario 
EE of furniture, appliance and tool items (GJ) at various life stages 

Year 0 Year 50 Year 100 The last 50 years 

1 397.7 1974.2 3594.4 1620.2 

2 397.7 2302.3 3542.2 1568.1 

3 397.7 2606.4 5238.2 3264.0 

4 397.7 2531.4 4725.5 2751.3 

5 397.7 2591.1 5162.8 3188.6 

6 397.7 2450.0 4499.0 2524.8 

7. Discussion 

7.1.   Design characteristics and the EE energy implications of furniture and appliances  

The characteristics and size of the original house provide opportunities for various design solutions for ageing in place. These 

include various degrees of sharing, different numbers of occupants, different ways furniture can be accommodated within the 

proposed designs, and different living arrangements (open or cellular plan layout). As can be seen in the Table 1, by converting 

the original house into schemes A and B, the EE of furniture and appliances increases over the life of the house. Considering 

scenario 1 as the base scenario, scenarios 3 and 5 have the most increase in the EE of furniture and appliances respectively 

(101.5% and 96.8%), being almost twice the EE of scenario 1 in the last 50 years (Table 2). These increases are mainly caused 

by the different plan arrangements because the house is converted to accommodate more than one household. This shows that 

for the same house size, the number of households influences the number of furniture and appliance items and thus, the 

consequent EE. It should be noted that for scenario 5, the smallest possible number of appliance and furniture items were 

considered for the third household (boarder/carer). 

In addition, a comparison between scenarios 3 and 6 suggests that with the same house size, household size (a couple) and 

number of total occupants (4 persons), the occupants’ life style can decrease the EE of furniture and appliances. Designing 

communal spaces where occupants share resources can contribute to a reduction in EE (scenario 6). Findings from this study 

shows that for the same household size, sharing spaces in scheme B (scenario 6) has reduced the EE of furniture and appliances 

by 23% compared to scheme A (scenario 3). In a similar study in the England and Wales, Williams (2007) investigated a 

number of design solutions including ecological homes (incorporating energy-efficiency measures and renewable energy 

technologies), communal homes (sharing resources between household members) and collaborative dwellings (sharing 

resources within a community such as in co-housing). She found substantial resource savings for those living in both shared 

and co-housing arrangements (in terms of land, direct energy and household goods), mainly due to sharing resources in daily 

living. She estimated average resource savings of 44% and 57% in communal and collaborative housing respectively 

(Williams, 2005 in Williams, 2007). In addition to sharing resources it seems these types of housing encourage a wide range 

of environmental behaviours in terms of energy conservation and waste recycling.  

Table 2 summarises how moving from scenario 1 to scenarios 2, 3, 4, 5 and 6 affects the EE in furniture, appliances and tools 

for the last 50 years. 
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Table 2. Changes in EE of furniture, appliance and tool items by moving from scenario 1 to scenarios 2, 3, 4, 5 and 6 

 
% change by 

moving from 

Scenario 1 to 2 

% change by 

moving from 

Scenario 1 to 3 

% change by 

moving from 

Scenario 1 to 4 

% change by 

moving from 

Scenario 1 to 5 

% change by 

moving from 

Scenario 1 to 6 

EE of furniture, 
appliances and 

tools 

-3.2% +101.5% +69.8% +96.8% +55.8% 

A comparison between scenario 1 (couple household) and 2 (single household) shows only a slight difference in the number 

of furniture items and appliances, with a 3% change in EE (Table 2). This suggests that in large houses, household size is not 

a major influential factor for the EE of furniture and appliances. This aligns with the results from Khajehzadeh’s (2017) 

investigation suggesting that number of furniture, appliance and tool items is affected by house size not household size. 

7.2. Occupancy and EE of furniture, appliances and tools items 

Figure 3 illustrates the EE of furniture, appliances and tool items for the whole dwelling and per person for the last 50 years 

for each scenario. Apart from design characteristics as discussed earlier, tables 1 and 2 suggest the number of person(s) in the 

dwelling is the influential factor in the EE of FATs. Considering just the last 50 years, while in scenarios 1 and 2, 2 and 1 

persons live in the original house, after conversion scenarios 3, 4, 5 and 6 can accommodate respectively 4, 2, 3 and 4. The 

total EE used for furniture, appliances and tool items over the last 50 years for each scenario was thus divided by the number 

of occupants (Figure 3). As expected one person living in the whole house uses the most EE for furniture and appliances 

(scenario 2) but energy reductions from having more people in the house depend on the type of conversion. One problem with 

ageing in place in small households of one or two people is that research suggests these “…are less efficien t in terms of 

resource use per capita than larger households” (Liu et al., 2003 in Williams, 2007, p.331). Williams (2007) sees the growth 

in one-person households in England and Wales as leading to an increase in domestic resource consumption of energy, water, 

land and materials, something she considers the UK has in common with many developed countries.  

 

Figure 3. EE of furniture, appliance and tool items and EE per person over 50 years for each scenario 

Figure 3 suggests that while scenarios 3 and 6 for schemes A and B accommodate 4 persons, scenario 6 has the least energy 

use for furniture and appliances mainly due to sharing resources in the last 50 years, as suggested by other researchers (William 

2007; McCamant & Durrett, 2011). However, moving from scenario 3 to scenario 6, or from private to shared living 

arrangements with the same occupancy rate, saves 23% of EE in furniture and appliances. Nevertheless, leaving 2 people in 

the original house is slightly better than having 4 people live in scheme A (two private units) (Figure 3). McCamant & Durrett 

(2011, p:15) believe that “the sharing of resources gives all residents access to a wider variety of convenience at a lower cost 
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per family than is otherwise possible”. They also give a number of instances of sharing between cohousing households, 

including sharing spaces such as a laundry, guest room, and items like essential tools and a lawnmower through having a 

common workshop, as well as sharing newspapers and magazines, camping equipment and other things used less often. In 

some cases, cars, sailboats and vacation houses were shared between two or more households (McCamant & Durrett, 2011). 

8. Conclusion 

This study shows that conversion of existing dwellings in New Zealand seems to be good idea to make ageing in place viable 

but would not necessarily be more resource efficient. More research is needed to identify the appropriate size of dwellings, 

design characteristics and living arrangements for the 65+ age group which can accommodate their occupational needs and 

preferences and at the same time be space and resource efficient.   

As discussed earlier, the EE of furniture, appliances and tools comprises a significant proportion of total energy used over the 

life of a dwelling. Therefore, the acceptability of reusing, recycling or refurbishing furniture and the consequence energy 

implications should also be investigated.  
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Abstract 
 
The fashion industry has become one of the most polluting industries in the world. Nevertheless, designers can contribute to 
solutions by applying Design for Sustainability (DfS) criteria, which enable and promote the design of more sustainable 
products and services. Therefore, the “Slow Fashion” movement has been receiving the attention of researchers, designers 
and customers who are concerned about sustainable development. The purpose of this paper is to contribute to a better 
understanding of Design for Sustainability in fashion. In particular, how sustainable design principles can be applied to 
Fashion Accessory in order to minimize the negative impact on the environment and society. The research method of this 
study is qualitative, utilizing a multi-method case study approach. Grounded theory analysis was applied to analyze the data 
from the case studies and to obtain the results. The research findings indicate that Design for Sustainability applied to the 
Fashion Accessory design processes might have great potential and win-win approaches toward a sustainable future. An 
important implication is that understanding the concepts and applying DfS to fashion accessory design processes can support 
designers to face challenges and seize opportunities. Furthermore, identifying the key concepts of sustainability and social 
responsibility could raise awareness on sustainable fashion among both producers and customers more effectively. 
 
Keywords: Design for Sustainability, Fashion Accessory, Sustainable Fashion, Sustainability. 

1. Introduction  

Along with human development, fashion is not merely clothing with its original function, but rather, in the modern context it 

carries spiritual values that go beyond its mere functional values. However, the fashion industry has major negative impacts 

on the environment and society. Existing studies show that it pollutes the planet and people in all phases, from raw material 

production to manufacturing, distribution, as well as end-of-life disposal (Fletcher, 2008; Niniimaki, 2013; Vezzoli, 2000). 

The fashion industry uses a large amount of natural resources. Taking water resource as an example, it can take 2,700 liters 

of water to produce the cotton needed to make a single t-shirt (WWF, 2013). Pulse of the Fashion Industry reports that the 

industry consumes about 79 billion cubic meters per year - enough to fill nearly 32 million Olympic-sized swimming pools - 

and its water use is set to increase by 50 percent in the next ten years. Furthermore, this is also one of the most polluting 

industries in the world. In the cotton production, cotton covers nearly 2.5% of the globally cultivated land, yet cotton 

growers are responsible for 16% of global insecticide release - more than any other single crop. These toxic chemicals not 

only affect workers but also pollute the ecosystem (EJF, 2007). 

Problems do not only exist in the textile and clothing sector. The accessory sector has also been facing challenges in leather 

tanning, shoes and bags manufacturing, and disposal processes. To date, leather is still one of the main materials used in 

fashion accessory. However, the leather and tanning industry is a heavy-polluting industry which uses natural resources 

intensively. In addition to the large amounts of resources (e.g. land, animal feed and water) required to raise animals, 

significant environmental impacts are associated with tanning and finishing processes, as well as with the energy production 

and transportation stages (Joseph and Nithya, 2009).  In addition, the production of leather from skin is a complex process 

which uses a variety of toxic chemicals. Thanikaivelan et al. (2007) find that pretanning and tanning processes contribute 

80–90% of the total pollution load. This can lead to toxic load in wastewater and poses health hazards, potentially leading to 
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cancer	  risk for those in the industry, as well as those who live near the waste stream from tanning factories (Mwinyihija, 

2010). In addition, for fashion accessory products, the manufacturing has been and continues to be a noxious process for not 

only workers but also the ecosystem. Taking the footwear industry as an example, in order to produce a pair of running 

shoes, over 13kg of carbon emissions are discharged, equivalent to holding a 100wat bulb for a week, according to an MIT-

led lifecycle assessment. Nike brand, for instance, sells an average of 120 million pairs of shoes every year (Nike, 2016). 

These indicate a clear level of direct and indirect impact of the footwear industry on both human and the natural 

environment, not to mention the disposal phase. Another main sector of fashion accessory is jewelry design, which also has 

significant environmental effects in the use of rare natural resources such as diamond and gold. The process of exploiting 

these resources causes significant ecological and environmental change. In the jewelry sector, the use of certificates is 

common to ensure that materials are sourced from conflict-free areas. Diamonds and gold, for instance, are recognised by 

Kimberley Process certificate and Golden Rules, in order to ensure the extraction methods are without injurious impacts 

(Cappellieri, 2012). Therefore, changes in the way products are created are needed in order to minimize the consumption of 

natural resources and to reduce the impacts on the environment. 

In addition to the environmental impacts mentioned above, the fashion accessory sector has a strong socio-economic impact. 

Beyond a doubt, it is one of the largest industries in the world, able to produce a huge number of commodities, creating jobs 

for millions of people. However, the downside of the industry is its unsustainable development. This involves the 

consumerism of modern society and the obsession with catching up with the trend of consumers who are "fashion victims" 

all over the world. Currently, collections are no longer launched twice a year for the Spring/Summer and Autumn/Winter 

seasons. Instead some retailers are introducing their new collections monthly, offering new products every week such as 

Zara and H&M. Furthermore, from raw materials to finished products, almost every stage is carried out in low and middle-

income countries. There have been several reasons for moving manufacturing from European countries to other continents 

such as Asia and Africa since the twentieth century. First of all, low-income countries provide cheap labor for the 

manufacturing process. Although industrialization has offered many different types of machinery, the fashion industry is still 

characterised by products made by the hands of workers either directly or indirectly. Second of all, the amount of money 

famous fashion retailers, mostly from high-income countries, have to invest in buying or renting factories in low and middle-

income countries tend to be much lower than it would be in their original countries. Finally, the direct negative effects of the 

manufacturing process on both the environment and people have also led to the relocation of manufacturing. In bag and shoe 

factories, workers in certain stages of manufacturing are often listed as workers in hazardous sectors and occupations 

(Fletcher, 2008; Niniimaki, 2013; Black, 2012; Hethorn and Ulasewicz, 2015). 

The above issues belong to the fashion industry and people who work in this sector might be aware and understand the 

challenges, however, others including consumers and designers may not still be fully informed about the downsides of the 

industry. Thus, consumers and designers seem to be pursuing consumerism. However, at the same time, in high-income 

countries there is a revolution taking place in the minds of consumers about "green fashion", "ethical fashion" or 

"sustainable fashion." As consumers perceive the negative impact on the environment and workers of the fashion industry, 

especially the fast fashion industry, they fight for fair working conditions in factories, and they speak out against the raising 

and slaughtering of animals to provide materials for fashion products. These movements are becoming more and more 

popular in the community. Studies have indicated that customers are often willing to pay more for sustainable fashion 

products, even if it means having to pay more for it than for a similar product that is not sustainable (Chan et al., 2012; Shen 

et al., 2012; Reiley, 2015). At the same time, finding brands that are committed to sustainability in the designing, 

manufacturing and disposing processes is becoming easier, especially in high-income countries. Likewise, courses and 

disciplines related to sustainability and sustainable fashion in European and North American countries are becoming more 

popular and accessible (Fletcher, 2002; 2013; Gwilt, 2013; Hethorn and Ulasewicz, 2015).  

Based on the above understanding, the need for a shift in the fashion industry (i.e. changing fashion systems towards 

sustainability, especially the methodologies applied to design, manufacturing and the disposal of fashion products) becomes 
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imperative. It is assumed that there are many environmental and socio-ethical benefits once accessory fashion 

brands/companies commit to sustainability. These can range from the changes in their vision, to raising awareness, using 

guidelines with sustainability criteria, and gaining benefits from efficient production and the use of innovative business 

models that all can bring direct and effective social and environmental change (Bui et al., 2017).  

A number of tools and methods exist for assessing the environmental impact and for reducing the negative impact of fashion 

products throughout their lifecycle. These include general assessment tools and methods such as Life Cycle Assessment, as 

well as more specific ones such as the Life-Cycle Design Strategy Wheel; Sustainable Design Cards; Textile Eco-Metrics 

Tool; Environmental Apparel Design Tool; and Fashionable Bridges (SFB) Ideation Toolkit. Each tool and method has its 

strengths and weaknesses. They are, however, designed to assist designers, manufacturers and customers in making 

decisions in the product design and development processes, as well as the use and disposal phases (Hur et al., 2012). 

The trend of transformation that is taking place in fashion design is an indispensable trend, and therefore the aim of this 

paper is to investigate the relationship between fashion and sustainability with a focus on Design for Sustainability (DfS) in 

fashion accessory. In addition, by evaluating the benefits and limitations of case studies, this study also aims to answer the 

following research questions: Can DfS be applied effectively to the accessory design process? If so, how can DfS be 

integrated into the design process? 

2. Methods 

2.1. Objectives 

The overall objective of this study is to analyze case studies of DfS applied to Accessory Design in order to evaluate 

developments in the relationship between theory and practice. Furthermore, research results provide valuable information for 

validating and adapting design methodologies once applied to the design, manufacture, and consumption processes, with a 

focus on Accessory Design. 

2.2. Process 

This study follows a case study research approach. A case study analysis is conducted and is based on "an embedded single-

case design" (Yin, 2003) with two units of analysis: (1) Sustainable accessory product/service and (2) DfS methodologies 

applied in designing, manufacturing and distribution and disposal processes. Firstly, a research format is designed to 

facilitate the analysis of case studies, which includes the following two aspects: (1) general information and characteristics 

of the selected accessories and (2) factors influencing DfS in fashion such as competitive factors, as well as sustainability 

benefits, barriers and constraints encountered. Based on this format, twelve fashion companies have been selected. These 

companies/groups have committed to Sustainability to varying extents and have applied DfS in the design, manufacture 

and/or service processes. The selection is based on the disclosure and transparency of the sustainability implementation that 

is available in information channels such as sustainability reports, websites and media. The selected case studies focus on 

three main categories of fashion accessory, namely footwear, bags and jewelry, and can be divided into two areas: one being 

DfS in fashion for products and those for services. The sustainable approaches taken by the selected companies in each case 

study are investigated in the following respects: 

1. Recycle - design using already reprocessed waste materials, reclaim, re-use waste materials and design with 

materials that would otherwise be discarded 

2. Upcycle - design using reprocessed or waste materials to make a product of equal or higher and not lower 

quality; 

3. Repair and remodel – make an existing item good again or fit for new purpose; 

4. Recreate - creatively re-think, customize or re-design an existing design concept; 

5. Reduce - design for minimal use of energy, minimize or eliminate waste materials; 
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6. Use ecological materials - design choices for environmentally benign fibres, fabrics and other materials, 

seeking to minimize impact;  

7. Use mono materials - use of only one material to facilitate recyclability; 

8. Harness new technologies - apply technology to achieve reductions in energy, materials or develop more 

efficient new process; 

9. Longer lasting fashion - design with high-quality materials and making, with aesthetic durability creating 

emotional bonds in addition to function;   

10. Multifunctional use - design with more than one use or configuration; 

11. Re-thinking design for the entire fashion lifecycle - design concern for use and end-of-life and possible re-use 

or disassembly; 

12. Design for delight - creating new and sustained feel-good relationships with clothes to be valued. (Black, 

2008) 

For the following case study analysis, data were collected from secondary sources such as scientific papers, websites and 

internal documents. The sources and information used for the case studies are all publicly available through e.g. company 

websites and sustainability reports.  

3. Results and Discussion 

It is designers who make decisions on materials, production methods and the model of consumption, as well as the life cycle 

of the product or service (SEC, 2009). Therefore, the design phase plays an important role in the life cycle of a product 

(UNEP, 2004). From the environmental viewpoint, a sustainable product should meet the following general principles: 

• Low-impact materials: designing for the use of non-toxic, sustainably-produced or recycled materials which 

require little or no natural resources (such as energy and water) to transport and process, and whose use does not 

threaten bio-diversity; 

• Resource efficiency: designing manufacturing processes, services and products which consume as little natural 

resources as possible; 

• Quality and durability: creating longer-lasting and better-functioning products that last longer, or age in a manner 

that does not reduce the value of the product, reducing the impact of producing replacements; 

• Reuse, recycling and renewability: designing products that can be reused, recycled or composted after initial use. 

(SEC, 2009). 

According the guideline of Black (2008) mentioned above,	  designers might be able to improve the use of materials and 

make the product more environmentally friendly; or to improve the product quality so that it has a long-lasting life. In 

addition, minimizing the use of energy or irreplaceable resources, avoiding waste also can reduce carbon emissions and 

harmful impacts on the ecosystem. Table 1 summarizes the case studies collected around the world and is categorized based 

on the guidelines highlighted in Section 2.2. 

Table 1. Case studies of DfS applied to Accessory Design. 

 
DfS 

Typology 
Product/ 
Service 

Description 

1. Recycle Ultraboost X 
Parley 
Adidas 

 

Adidas collaborated with Parley for the Oceans to eliminate plastic waste in the seas. The 
project focused on creating a new 3D-printed sneaker concept – Ultraboost X Parley. The 
product consists of an upper part made from "ocean plastic content" and a 3D-printed 
midsole made from recycled polyester and fishing nets. This means approximately 11 
less plastic bottles in the oceans per pair produced. 

Benefits and competitive factors 

This collaboration helped Adidas take the role of leadership on sustainability in the 
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footwear industry. Adidas described this project as follows: “the plan that can end plastic 
pollution”. These shoes were unveiled the first 3D-printed sneakers made from recycled 
plastic ocean waste and other recycled materials. Although the process of turning plastic 
into a usable material is laborious, "it is an on-going challenge, but we achieved the first 
step. Now we can replace new plastic with recycled marine plastic debris” (Parley) and 
“Together with Parley we are reinventing the plastic economy. New methods. New 
materials. New future” (Adidas).  

Barriers and constraints  

The process of turning plastic into a usable material is laborious. Furthermore, the shoes 
made from recycled plastic ocean waste are being sold at a higher price. They cost 
approximately 1/3 more than a similar (non-recycled) pair in the same category made by 
Adidas. This can lead to customers’ consideration before buying a sustainable product 
and the amount they have to pay for it. 

2. Upcycle Bottletop The vision of Bottletop is to create products that combine artisanal production techniques 
from diverse cultures with elevated design using sustainably sourced and upcycled 
materials. Most of their bags and accessories are made using the following materials: (1) 
upcycled aluminium and metal tabs and ring-pull (2) enamel finish (3) Certified Amazon 
Zero Deforestation leather and (4) East African farmed cotton canvas weaved in Kenya, 
farmed in East Africa and AZO dye tested. 

Benefits and competitive factors 

There are several environmental and economic benefits of using upcycled materials such 
as reducing raw material use, energy consumption and carbon emissions (Jeevan, 2012). 
Aluminum production from raw material consumes a great deal of energy, especially 
when compared with other materials or recycled aluminium. However, once produced, 
aluminium can generally be upcycled into the same quality of aluminum as the original 
products, thus creating something of similar or greater value in its second life.  

In addition to the sustainability benefits, such design process also enables the company to 
improve its corporate social responsibility strategy. Bottletop aims to empower local 
people to become highly skilled artisans through sustainable design, and to positively 
impact people and the planet at each product development phase from the raw materials 
used to the moment it reaches customer.  

Barriers and constraints  

Although upcycled materials are used, it is unclear what happens once the product 
reaches the hands of the customers and eventually the end of its life. Closing the loop 
would create more profits and environmental benefits to the company as they would be 
saving money on the acquisition of upcycled resources. In addition, although Certified 
Amazon Zero Deforestation leather have lower environmental impact and lower carbon 
emissions than conventional leather, it does not address any of the negative impacts of 
leather production (e.g. resource use associated with raising animals,  processing and 
treatment of  leather) highlighted in section 1 of this paper.   

3. Repair and 
remodel 

Elvis & Kresse Elvis & Kresse collects decommissioned fire-hose from across the UK. After scrubbing 
away the soot and grease from the hose that built up after 25 years of active duty, they 
use the material to create hand-made accessories such as bags, belts, purses and wallets. 
They also use other reclaimed materials such as reclaimed military grade parachute silk 
and racing sail cloth. Their packaging is also reclaimed and includes tea sacks, coffee 
sacks, sail cloth and parachute silk. 

Benefits and competitive factors 

The benefits to collect and repair materials from no longer wanted products are similar to 
that of upcycling. This strategy not only saves materials from being discarded by giving 
them a useful second life, but also saves raw materials and reduces energy consumption 
which is economically beneficial for the company. 

Barriers and constraints  

Although the design process does extend the lifespan of reclaimed materials by turning 
them into accessories or packaging and thus giving the materials a second life, it does not 
explicitly take into consideration the further use of materials post their second life. 

4. Recreate Creative 
Recreation’s 3 

in 1 Boot 

Creative Recreation developed a three-in-one boot design that encompasses three boots: a 
bootie, a knee-high, and an over-the-knee.  
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Benefits and competitive factors 

The design of products and accessories that creatively re-think, customize and re-design 
an existing design concept can help conserve resources. Such design also gives the 
product multifunctional and dynamically configurable use making them adaptable to the 
often rapidly changing in needs and preferences of customers. 

Barriers and constraints: 

The downside of this particular design is that it is made from snakeskin and suede, and 
promotes the use of animal flesh and skin for fashion. Since the negative impacts of 
leather production have already been discussed above, the authors will not elaborate 
further on this issue. 

5. Reduce Chico Bag Chico bag aims to support the phasing out of single use plastic bags by designing high 
quality, long lasting reusable bags ranging from reusable shopping bags, reusable 
produce bags and snack and sandwich bags to designer bags and travel bags.   

Benefits and competitive factors 

To close the loop on the product lifecycle, Chico Bag’s rePETe products are made from 
recycled materials such as 100% post-consumer recycled plastic bottles. Other recycled 
components like carabiners, cording and cord locks, as well as eco-friendly fabrics like 
organic cotton-hemp blend are also used. In 2017, Chico Bag distributed products that 
have the potential to replace 1.3 billion single-use items (Chicobag, 2017).  

Barriers and constraints 

Although Chico bag aims to close the loop on the product lifecycle, it is unclear what 
happens to the products when they reach the end of their useful life (5 years for all Chico 
bag products and 10 years for Stainless steel To-Go Ware products). Furthermore, since 
the nature of the business requires products to be shipped all over the world, shipping is a 
significant contributor to the carbon emission of the business. Currently only shipments 
via UPS are quantified and offset. Carbon impact of all other shipments via other carriers 
is neither currently quantified nor offset (Chicobag, 2017). Lastly, the magnitude of 
positive impact of Chico Bags can make is directly dependent on the willingness of 
consumers to change their single-use habits.  

6. Use 
ecological 
materials 

Alexandra K Alexandra K promotes animal and environmental friendly fashion by designing and 
making hand-made vegan bags and accessories using vegan synthetic leather. 
Consciousness of the environmental problems associated with the leather industry makes 
the idea of using leather goods less desirable for both designers and consumers, and calls 
for the replacement of leather with alternative ecological materials that have similar 
properties but lower environmental impact.  

Benefits and Competitive factor 

The use of artificial leather may be chosen for ethical reasons. This artificial fabric is fast 
replacing conventional leather in the fashion industry (including footwear and 
accessories) due to its leather-like finish and similar look and feel to traditional leather 
(Kinge et al, 2013). The biggest advantage of this design is that it avoids the use of 
animal products and promotes animal and environmental friendly fashion accessories. It 
also serves as inspiration demonstrating that alternatives to conventional leather fashion 
accessories can be designed and produced by using synthetic materials with similar look 
and feel.  
 
Barriers and constraints 

The environmental benefits will depend on how the synthetic leather is produced and 
what materials and processes are involved in the production of the material. No such 
information is available for Alexandra K designs therefore it is difficult to assess the 
environmental sustainability of the design.  

7. Use mono 
materials 

Crocs Crocs is a well-known footwear company with casual footwear designs. The Classic 
Clogs are recognized as a simple and smart design made of EVA (Ethylene-vinyl 
acetate). 
 
Benefits and Competitive factor 

Crocs uses a material that makes recycling easier. With a commitment to not using 
animal-based products, Crocs has large customer base, e.g. supporters of the Peta 
movement. "Sustainability is a core priority at Crocs," (Scott Crutchfield) and the use of 
mono materials help Crocs achieve their goal to some extent. In addition, these shoes are 
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also highly valued for their durability and functionality. 

Barriers and constraints 

Although Crocs shoes made from mono-materials, the plastics are used for those shoes 
might be "vaguely recyclable".  

8. New 
technologies 

Vegea Vegea is a company that develops innovative technology for producing bio-materials to 
be used in fashion & design industries.  

Benefits and competitive factor 

With their innovative technology which transforms grape marc, one of the by-products of 
wine making, into high value added bio-material, Vegea is able to create an alternative to 
the utilization of fossil and non-renewable resources. Bio-materials derived from grape 
marc have a capability of being modified for the creation of innovative vegetal fabrics 
due to its high content of multifunctional components. According to Vegea estimates, 
from the 26 billion liters of wine produced annually worldwide, 7 billion kilograms of 
grape marc can be derived which can produce 3 billion square meters of Vegea bio-
material annually. They also experiment with new technology that enables vineyard 
pruning waste to be used to produce a yarn that can be woven into innovative textiles. 
These utilisations of winemaking by-products contribute to environmental sustainability.  

Barriers and constraints 

The development of the materials and the technology is still in progress, and the 
company is experimenting with variations of the bio-material that have differing weight, 
thickness, strength, finishing and texture. 

9. Long lasting 
fashion 

Lian & Mez 
watches 

Lian & Mez watches are hand-made in Germany, taking pride in the country’s fame for 
its craftsmanship and long-standing reputation of excellent engineering and high-quality 
standards in the watch industry.  

Benefits and Competitive factor 

Swiss Made Movement ensures high durable and long lasting functionality, while 
materials such as Sapphire Crystal Glass (used for its durability and high scratch mark 
resistance), Stainless Steel (used for strength and corrosion resistance) and Piñatex (an 
innovative material used for straps that is made from pineapple leaf fibre) ensure the 
production of reliable, durable and long lasting watches. Products that last longer will 
generally have a lower environmental impact. Long-lasting products create less waste 
and will have less indirect impact due to the need for less frequent replacement than a 
short-lived version of the same product.  

In addition to the long lasting design, Lian & Mez watches also use natural and 
sustainably produced materials. The Piñatex fibres are the by-product of the pineapple 
harvest and therefore no extra land, water, fertilizers or pesticides are required to produce 
them. It is a natural, sustainably produced, cruelty free textile developed for use as a 
sustainable alternative to both mass-produced leather and polluting synthetic materials. 
The material does not only have low environmental impacts but it also creates socio-
economic benefits by providing additional income for farmers and creating a new 
industry for pineapple growing countries.  

Barriers and constraints 

Although Piñatex can be regarded as a sustainably produced material, it does not come 
without environmental cost. The transportation and shipping of the fiber from pineapple 
producing countries in the tropics to Germany does have environmental impacts 
(greenhouse gas emissions). Furthermore, the design does not take into consideration 
what will happen to the watches once they reach their end of life.   

10. Multifunc-
tional 

accessories 

Hat bag tote – 
Azumi&David 

The Hat Bag Tote is designed to be a multifunctional accessory which can either be worn 
as a hat or carried as a bag when not used as a hat. 

Benefits and competitive factors 

Designing accessories for multifunctional use contribute to environmental sustainability 
by the conservation of resources. Instead of using materials to produce two separate 
items, in this case a hat and a bag, the two functions can be combined into once accessory 
which will save resources and materials.  

Barriers and constraints: 

The downside of this particular multifunctional design is that it is made from sheepskin. 
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As discussed earlier, the choice of using of animal skin as material for accessories raises 
concerns about animal welfare, ethics as well as environmental sustainability.  

11. Rethinking 
design 

lifecycle 

Nike Grind Nike Grind is part of Nike’s ‘Reuse a shoe’ program that aims to eliminate waste and 
close the product lifecycle loop by collecting and recycling old sports shoes. The 
recycled materials e.g. rubber and fabric from shoes, as well as surplus manufacturing 
scraps are used to make performance products, ranging from new footwear and apparel to 
sports surfaces such as running tracks, courts, gym floors, carpet padding and 
playgrounds. 

Benefits and competitive factors 

This remanufacturing process not only enables Nike to create more profits but also to 
improve its public relations. It is a key strategy to demonstrate the long-term commitment 
of the company to reduce its environmental impacts by closing the loop on the life cycle 
of old, worn-out and otherwise unusable athletic shoes (Kumar and Malegeant, 2006).  

Barriers and constraints  

Collection of used products can be challenging and it accounts for a significant part of 
the total costs of any closed-loop supply chain (Fleischmann et al., 2001). In the case of 
Nike, worn-out shoes can be sent directly to the processing plant, dropped off at any 
specified Nike locations, or can be given to a non-profit organisation working in 
collaboration with Nike on the ‘Reuse a Shoe’ program. This arrangement shifts some of 
the costs onto the customers, making it more difficult and costly for customers to return 
old sport shoes, and thus this can make the remanufacturing process less efficient than it 
otherwise could be when all shoes are returned and available for the company to recycle. 
Furthermore, even though recycling shoes and turning them into performance products 
give materials a second life, the design process seems to give little attention to the third, 
fourth etc. life of the materials. 

12. Design for 
delight 

Brilliant Earth Brilliant Earth provides fine jewelry from ethical and pure sources and aims to promote a 
more ethical, transparent, and sustainable jewelry industry. By making jewelry as 
beautiful as it can be while producing them in an ethical, transparent, and sustainable 
manner, Brilliant Earth gives customers the opportunity to create new and sustained feel-
good relationships with their jewelry.  

Benefits and competitive factors 

To reduce the demand for additional gold mining, the company recycles gold and 
platinum from secondary sources which are re-refined so they are of the same high 
quality as newly mined metals. They only use ‘conflict free’ diamond, i.e. only buying 
from suppliers that source diamonds that originate from specific mine operators who 
follow internationally recognized labor, trade, and environmental standards. They also 
offer lab created and recycled diamonds, which are eco-friendly alternatives. Gemstones 
are sourced in alignment with safe working conditions and environmentally responsible 
principles, and thus minimising labor, environmental and community concerns associated 
with coloured gemstone mining.   

Barriers and constraints  

Although the company’s mission is to improve livelihoods, great inequalities still exist. 
For example, more than one million diamond miners earn less than one dollar a day, 
while a simple piece of diamond jewlery can easily be sold for $4,000 or even more.  

Based on the results of case studies, the analysis shows that fashion accessory designers have adopted sustainable design 

principles through various design approaches (e.g. recycle, upcycle, re-use, reduce) and offer services for sustainable 

products that take into account the product life cycle (e.g. recycle, upcycle, re-use, reduce). On the contrary, to design a 

sustainable product, the use of these methodologies can be challenging due to the characteristics of the accessory design 

process, as well as the manufacturing and use phase. In the following section, results are interpreted by analysing some 

illustrative case studies of DfS applied to Accessory Design. 

Re-thinking design for the entire fashion lifecycle - design concern for use and end-of-life and possible re-use or 

disassembly. In fashion design sustainability criteria must be embedded in all stages: design, production and use. In other 

words, sustainable fashion should take into account the product life cycle, including the stages of design, manufacturing, 

logistics, retail, use and disposal. However, the product should be able to have more than one life cycle. Niinimaki (2013) 
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argues that from an environmental standpoint in fashion, a sustainable product can be integrated into the life cycle as 

follows: the first option is to use the product as the originally designed function; the second option is to redesign after the 

end of the first life cycle to create a new product; while the third option is to recycle materials. Therefore, a scenario is 

designed with longer strategic visions, rather than just stopping at the first option. The results from the case study analysis of 

the Nike group show that the company has taken into account the end-of-life and took measures to collect sport shoes at the 

end of their lifecycle. Nevertheless, despite the environmental, social and economic benefits of this measure, Nike faces 

challenges in the implementation of this project. Even though recycling shoes and turning them into performance products 

give materials a second life, the design process seems to give little attention to the third, fourth etc. life of the materials (see 

Table 1). 

Recycle - design using already reprocessed waste materials. The concept of recycling has become popular for designers who 

are interested in sustainable development because the material is an important factor in DfS in Fashion. The recycling of 

materials can be considered in two ways: using recycled materials in a new product and/or design a product in which 

materials can be recycled at the end of life. Although recycling can save new materials, they need energy for the 

transformation process to make them recyclable and usable. This is considered as a way of managing waste, but not a way of 

reducing it (Aakko et al., 2013). In addition, the use of waste materials for recycling receives the social responses because of 

positive environmental impacts; however, products made from recycled materials tend to have a higher price than products 

using new materials. In the case of the Ultraboost X Parley, Adidas collaborated with the Parley movement to use waste 

from the ocean such as plastic bottles and fishing nets for shoemaking. This collaboration helped Adidas take on the role of 

leadership in sustainability in the footwear industry. Adidas described the project on their website as follows: "the plan that 

can end plastic pollution". These shoes were launched as the first 3D-printed sneakers made from recycled plastic ocean 

waste, as well as other recycled materials. However, its price is one third more expensive than a pair of shoes that this brand 

produces due to the collecting and recycling processes (Table 1). 

Upcycle - design using reprocessed or waste materials to make a product of equal or higher, not lower, quality. Following 

the trend of a design based waste solution, fashion products are upcycled from waste or discarded materials, and thus new 

products are created with a higher retail value than traditionally recycled goods (Han et al., 2015). In this process, the 

creativity of fashion designers plays a very important role. They design a new product from those materials and improve 

their shapes and aesthetics. Bottletop's upcycled bags are a good example of the integration of handcrafting with the reuse of 

waste and discarded materials, as well as eco-materials. The brand commits to sustainability and designs sustainable luxury 

bags with four main materials: (1) upcycled aluminium and metal tabs and ring-pull (2) enamel finish (3) Certified Amazon 

Zero Deforestation leather and (4) East African farmed cotton canvas weaved in Kenya, farmed in East Africa and AZO dye 

tested. 

Use ecological materials - design choices for environmentally benign fibres, fabrics and other materials, seeking to 

minimize impact. Using ecological materials in the design is an environmentally beneficial approach as it minimizes the use 

of natural resources, and reduces pollution in the production and disposal processes (Aakko et al., 2013). However, in order 

to achieve "eco-efficiency” following the theory "cradle to cradle", the philosophy developed by Braunart and McDonough, 

it needs to be adapted to suit the design methodologies. A product that uses eco-friendly materials can easily be recycled or 

disintegrated if it contains one material, rather than two materials. When both biological and industrial materials are used 

and mixed in a product, it becomes harder to separate materials, recycle them or disintegrate them at the end of life. 

Consequently, it is no doubt that a product may not necessarily be environmental friendly even if the material used in the 

product is (Aakko et al., 2013). 

Use mono materials - use of only one material to facilitate recyclability. A product that is composed of a single type of 

material or a product with components that each are made of a single type of material and that can be split apart. Using 

only one material makes it easy to re-use or recycle at the end of the product life cycle (Hasling et al., 2017). In fashion, it is 
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not uncommon, but this principle is largely applied in garment products using only one type of textiles. Typically, dresses, t-

shirts or other clothing items are made from 100% polyester or cotton, and often even the thread or button are made of the 

same material. Furthermore, in jewelry design, using mono-materials is also popular such as metal, wood or stone materials. 

Other fashion accessory items, however, are designed with complex structures due to functional requirements and 

sometimes, due to the traditional method of manufacturing. Shoes and bags, as an example, are made up of more than one 

component with different materials.  

Multifunctional products- design with more than one use or configuration. The product is designed to fit multiple functions 

for one or more users by a transformation of function, transformation of function into context or/and transformation to body 

type. The advantage of this kind of product is that it minimizes the use of resources by optimizing the usability of the 

product (Fletcher and Grose, 2012). However, for a product to meet multiple functions at the same time, designers face the 

threat of having low product functionality in general. The Hat Bag Tote is designed to be a multifunctional accessory which 

can either be worn as a hat or carried as a bag when not used as a hat. Although this is a smart design, it is hard to say that it 

suits with a casual or event costume as can be seen from a function and/or purpose perspective.  

The 12 case studies demonstrate that it is possible to use DfS methodologies in the fashion accessory design process, and 

designers do apply some of these in order to design more sustainable fashion accessories. However, from the analysis of the 

case studies it becomes evident that only one or two different strategies are applied at a time, indicating that the holistic 

application of more than one or two DfS methodologies is not widespread and common practice to this date. Taking Lian & 

Mez watches as an example, we can see that two DfS methodologies are applied (long lasting fashion and the use of 

ecological materials), however other principles (e.g. upcycling, recycling) could also be incorporated in the design process to 

further improve the sustainability of the watches.  

4. Conclusions 

The fashion industry has become one of the most polluting industries in the world, with major negative impacts on both the 

environment and society. In this paper, we argued that a trend of transformation in fashion design is essential in order to 

minimize the negative impact of the fashion industry. Designers can play a major role in this transition and can address some 

of the major problems created by the fast fashion industry by applying Design for Sustainability (DfS) criteria.  

The aim of this paper was to investigate the relationship between fashion and sustainability, with a focus on Design for 

Sustainability in fashion accessory. This research qualitatively assessed the potential benefits and constraints of the 

application of DfS in Fashion Accessory Design by analysing 12 illustrative case studies of DfS applied to Accessory 

Design. The results of the case studies demonstrated that DfS can be effectively applied in the accessory design process to 

create more sustainable products and services. Nevertheless, further research focusing on quantitative evaluation could be 

beneficial in quantifying the magnitude of benefits of the application of DfS methodologies in making fashion accessory 

production more sustainable. Obviously, the potential benefits must be verified on a case-by-case basis to meet the 

expectations of the designers, manufacturers and the needs of customers. In some cases, the achievement of sustainability 

targets depends on a number of factors, including customer perceptions and product usage guidelines towards sustainability.  

Based on the results of this study, we argued that despite the benefits of the application of DfS, there is scope for 

improvement in using DfS methodologies in the accessory design processes. The case studies revealed that only one or two 

DfS methodologies are generally integrated into a particular accessory design process, and there is not a holistic application 

of multiple DfS strategies to various processes within accessory design. Thus, all the potential sustainability benefits of the 

application of DfS are not fully harnessed in accessory design yet. Whether this is due to the lack of awareness of the DfS 

criteria and its application in the fashion accessory design process, or due to complexity involved in the application of more 

than one criteria is unclear. However, once the reasons are known, different strategies can be implemented to promote the 

holistic application of DfS criteria in the design process in order to create fashion accessories with less negative impacts.   
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Abstract: 

An intelligent building is one facet of the green building movement which plays a promising role in 

improving environmental sustainability in society. For developing intelligent buildings, there are many 

areas  to be  considered  in every stage of a building’s  life  including design, construction, operation, 

maintenance, and deconstruction. In this article, we focus on opportunities for intelligent buildings in 

the design phase, where early decisions impact outcomes throughout the life of a building in terms of 

energy efficiency, occupant comfort, safety, security, and so forth. To achieve the goal of improving 

human comfort in intelligent buildings, multiple comfort factors such as thermal, visual, acoustics, and 

indoor air quality must be considered at the same time. Due to the complexity of these  issues,  it  is 

helpful  to  utilize  a  systematic  approach  to  identify  optimal  solutions.  “Systems  Thinking”  is  a 

framework that   is used to understand the interdependent parameters of dynamic configurations so 

that  designers  can  better  recognize  leverage  points  that  gear  toward  desirable  results. A  Systems 

Thinking perspective  can play a vital  role  in  the design process  for  the development of  intelligent 

buildings. Because Systems Thinking can provide a framework seeking to optimize the whole system 

by  focusing  on  and  modifying  distinct  elements  and  their  interactions,  this  paper  discusses 

opportunities for an intelligent building specifically to provide a comfort environment for occupants. 

The thermal, visual, acoustics, and indoor air quality factors, as they are related to intelligent buildings, 

are discussed through the lens of Systems Thinking as a theoretical framework. Steps and processes 

resulting  from  the  Systems  Thinking  framework  to  optimize  and  enhance  human  comfort  in  built 

environments are proposed. The resulting framework illustrates how designers may improve human 

comfort by considering several items (i) windows, (ii) HVAC systems, (iii) materials, and (iv) electrical 

lights. Systems Thinking framework suggests that windows have the most impact on improving human 

comfort. After windows, HVAC is shown to be the second most effective elements in building design in 

terms of human comfort; materials and electric lightings have the same impact on human comfort level. 

Keywords: Intelligent Building, Smart Building, Systems Thinking, Human Comfort, Building Design  
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1.  Introduction 

In recent years, the public awareness about the impacts of the indoor environment on people’s comfort 

and health has increased since people spend about 90% of their time indoors in developed countries 

(Huang, 2012; Frontczak, 2011). During the last two decades, many buildings were labeled as intelligent 

buildings (Clements‐Croome, 2013), and for the last three decades, the intelligent building concept was 

one of the most common conceptual frames for future buildings (Ghaffarianhoseini et al., 2015). Being 

intelligent defines  the presence of some elements such as being “user‐oriented,”  improving energy 

efficiency, and/or being responsive to the user’s needs, environment and the society (Silvia et al., 2012 

and Cempel and Mikulik, 2013). Ghaffarianhoseini et al. (2015) states that intelligent buildings started 

specifically  being  considered  in  the  early  1980s  in  the US,  and  the  Intelligent Building  Institution 

described these buildings as “One which integrates various systems to effectively manage resources in 

a coordinated mode to maximize technical performance, investment and operation cost savings, and 

flexibility”. Later in 1998, the European Intelligent Buildings Group (EIBG) defined intelligent buildings 

as “one that creates an environment which maximizes the effectiveness of building’s occupants, while 

enabling efficient management of resources with minimum lifetime costs of hardware and facilities” 

(Nguyen  and Aiello, 2013). The main  focus of  early definitions of  intelligent buildings was on  the 

technologies, while later the focus changed to user interactions, social changes, and the quality of life 

(Wigginton and Harris, 2002; Wong et al., 2005). As it is inferred from the definitions, over decades, 

researchers have improved the definition of intelligent buildings by considering feedback from previous 

smart buildings and their effects over time.   

 

As mentioned before, one of the significant components in today’s intelligent building is the human‐

beings, which designers and researchers try to improve their comfort level in these buildings. Frontczak 

(2011) states there are four conditions in buildings which influence on human comfort; i.e., thermal, 

visual, acoustics and indoor air quality, each which conditions contains several minor elements as well. 

Human comfort level in the operation of smart buildings can be highly affected by decisions made in 

the design phase. ASHRAE Guideline 10P “Interactions Affecting the Achievement of Acceptable Indoor 

Environments” (2010) states that for providing an acceptable indoor environment, not only we should 

consider each parts of the environment which effects on human comfort level, but also to decrease the 

negative  impact  of  interaction  between  the  human  comfort  elements.  Many  studies  have  been 

conducted to distinguish the effects of each elements on human comfort, but there are few researches 

discuss  about  the  effect  of  the  interactions  and  the buildings  elements on human  comfort  level  in 

buildings. Since, designers should have a holistic view of the buildings and the impact of each element 

on the other elements and the whole system,  “Systems Thinking” framework can play a significant role 

in defining the interactions between the elements of buildings to improve human comfort levels. Thus, 

in this article, the interactions between building elements which can be considered in design phase to 

improve human comfort  level  in  intelligent buildings are discussed, and the most effective building 

elements are being defined by using “Systems Thinking” framework.  
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2.  Human Comfort 

ASHRAE  Guideline  10P  (2010)  categorizes  the  interactions  between  human  comfort  elements  in 

buildings, and Frontczak and Wargocki (2011) evaluate and categorize the level of impacts of human 

comfort elements in buildings. As indicated by these articles, human comfort contains various elements 

which should be considered and includes several interrelations which should be taken into account. 

There are internal and external factors of human comfort in buildings. Internal factors are age, gender, 

metabolism, etc., while external factors are ones related to the environment such as the time of the 

year, workload, density of occupants, building factors, etc. The focus of this article is on the impact of 

architectural elements which can  improve human comfort and can be considered  in building design 

phase. ASHRAE Guideline 10P (2010) states that there are several major elements which effect human 

comfort  levels in buildings. Four of them which can be considered in the building design phase and 

impact on human comfort are (i) thermal, (ii) visual, (iii) acoustic, and (iv) indoor air quality. In this 

guideline and Frontczak and Wargocki (2011) improving these four major elements and interactions 

between  them  are  considered  as  providing  human  comfort  conditions  in  buildings.  Frontczak  and 

Wargocki (2011) evaluated several articles to understand the importance of each of the human comfort  

elements. In these articles, thermal comfort has the highest importance in human comfort, followed by 

acoustics and air quality. Visual comfort has the lowest importance for establishing human comfort in 

buildings. In other words, the change in thermal condition has the highest impact on the human comfort 

level compare to other three elements. In a subsection, the four major elements of human comfort and 

their parts and interactions are discussed. Several interactions between the major elements can cause 

undesired situations. For  instance, to decrease temperature  fluctuation, the designer may decide to 

include some exposed thermal storage in building envelopes, such as an exposed masonry ceiling. But 

high  admittance  materials  can  be  deficient  in  sound  absorption  and  produce  an  uncomfortable 

acoustical environment. At this stage, if the acoustics engineer suggests covering surfaces with sound 

absorbent materials, occupants may not  feel comfortable  in the environment because of the  lack of 

thermal comfort in the space. Another example of the direct interaction between the elements of human 

comfort deals with windows. Architects may prefer  to design buildings which make use of natural 

ventilation through openable windows for controlling indoor temperature and maintaining air quality. 

But, if the outdoor air is noisy or polluted, people will not prefer to open the windows, thus both indoor 

thermal and air quality conditions would be unacceptable.  

 

As shown in these examples, design solutions which intend to control one environmental parameter, 

may cause problems in another/other variable(s). In these situations where the interactions between 

elements have an effect on the whole system, “Systems Thinking” plays an important role to account 

for both the interrelations and the elements of the design. Early in the design phase, architects and the 

design teams can consider potential conflicts between these four factors by using this framework, thus, 

the occupants can experience a comfortable environment  incorporating all  four main elements and 

their interactions. Each of the elements has several aspects, and these aspects are interrelated with 
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one another. Thus, there are very large number of possible interactions between various elements of 

human comfort. In this article, several  interactions between human comfort elements which can be 

considered in the design phase are discussed. The definitions of each major human comfort elements 

are as follows: 

i) Thermal  Comfort:  The  condition  of  mind  which  expresses  satisfaction  with  the  thermal 

environment.  

ii) Visual Comfort: A subjective condition of visual well‐being induced by visual environment.  

iii) Acoustics Comfort: A state of contentment with acoustic conditions. 

iv) Good  Indoor  Air  Quality:  Air  in  which  there  are  no  known  contaminants  at  harmful 

concentrations as determined by cognizant authorities, with which a substantial majority (80% 

or more) of the people exposed do not express dissatisfaction.  

 

Interaction effects between elements may not be symmetrical. For  instance, thermal conditions can 

directly affect air quality in warm conditions through increasing the spread of particles (such as carpet 

or curtains dust or volatile compounds)  in  the air, but air quality does not have a direct effect on 

thermal  condition.  ASHRAE  Guideline  10P  (2010)  lists  seven  types  of  interactions  between 

environmental  factors  for  providing  human  comfort;  i.e.,  (i)  Independent,  (ii)  Additive,  (iii) 

Synergistic, (iv) Antagonistic, (v) Prophylactics, (vi) Cumulative, and (vii) Unintended. Independent 

factors are ones which do not have any effect one another. For example, increasing the air movement 

to provide cooling might be completely independent of increasing task illumination to improve visual 

comfort. Additive  factors  are  those whose  joint  effect  is  the  sum  of  their  independent  affect.  For 

example, change in radiant temperature and air temperature can together affect the human thermal 

comfort. Synergistic  factors are  the ones which  the  joint of  the elements can cause greater  impact 

compared to the sum of their individual impacts. For example, increasing air temperature and humidity 

together cause greater effect in human thermal comfort compare to the sum of their two independent 

effects. Antagonistic factors are the ones whose joint effect can cause less impact compared to the sum 

of their impacts. For example, the presence of two volatile compounds can result in a more acceptable 

environment compare to the sum of each of the individual compounds, since one of them may mask 

another. Prophylactic factors are the ones in which one can reduce the effect of others. For example, 

the maintenance of a sufficient humidity can limit the growth of microorganisms, thus the air quality 

for the occupants can be  increased. Cumulative  factors are  factors whose effects will  increase over 

time. For example, a low room temperature may not be uncomfortable for occupants at first, but it may 

cause discomfort over time by affecting occupants’ bodies. Unintended factors are those which have 

side effects  impacting other  factors. For example,  increasing  the  level of  lighting  to  improve work 

efficiency for one workstation can cause glare at another. Each of the conditions has several aspects 

which are related to building, human, outdoor condition, etc. In this article, we focus on the aspects of 

human comfort which relate specifically to the design phase of the buildings. 
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3. Theoretical Perspective and Conceptual Framework 

Theoretical Perspective: Wigginton and Harris (2002) and Wong et al. (2005) indicate that the general 

idea of  intelligent buildings has changed  from  technologies  to user  interactions over decades. This 

change shows  the  importance of considering human‐beings  in  intelligent buildings,  thus one of  the 

main goals of smart buildings is providing human comfort for the occupants in buildings. According to 

ASHRAE Guideline 10P (2010), human comfort level can be achieved in buildings by considering several 

major elements and their interactions. Most of the studies in this field (human comfort) concentrate 

on  individual  elements  of  human  comfort.  There  are  few  studies which  focus  on  the  interactions 

between major elements to improve human comfort in buildings. In addition, there are a few researches 

have  been  conducted  on  prioritizing  buildings  elements  for  improving  human  comfort  level  by 

considering  human  comfort  elements  and  their  interactions.  In  this  article,  by  exploring  building 

elements and their interactions and utilizing  “Systems Thinking1” as framework to look at the situation 

in  a holistic way,  the  impacts of  each major  elements  of human  comfort  and  their  interactions  to 

improve occupants’ comfort in intelligent buildings are discussed.  

 

 
Figure 1. Conceptual Framework 

 
Conceptual  Framework:  ASHRAE  Guideline  10P  (2010)  includes  useful  information  about  major 

elements of human comfort and their interactions. Among the elements and their interactions discussed 

in ASHRAE Guideline 10P, the elements which can be improved by building factors in the design phase 

were  selected  to  review  in  this article.  In order  to  infer a  result  from  these  interactions, Systems 

Thinking has been involved as a framework to understand the situation in a holistic way. As shown in 

Figure 1, building elements (which are parts of intelligent buildings) have several effects on human 

                                                 
1 Systems Thinking as a mindset was evolved from General Systems Theory with the work of Austrian biologist Karl Ludwig 
Bertalanffy in 1937. 
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comfort which contains four major parts (i) thermal, (ii) visual, (iii) acoustic and (iv) indoor air quality. 

For understanding the importance of each building element in providing human comfort in buildings, 

Systems  Thinking  framework  has  been  involved.  By  utilizing  this  framework  in  looking  at  the 

information  gathered  from  references,  this  article  prioritizes  the  building  elements  through  their 

impacts on human comfort in buildings.  

4.  Interactions between Human Comfort Elements 

Thermal‐Lighting Interactions: Since lighting (daylight or electric) has energy which can impact the 

thermal  conditions of  space,  the  interactions between  these  two  conditions  (lighting  and  thermal) 

should be considered  for  improving human comfort  levels  in buildings. For example, poorly shaded 

windows can cause direct or reflected solar radiation which can increase the temperature in buildings. 

Also  the  heat  generated  from  solar  radiation  can  be  stored  as  thermal mass within  the  building 

structure. Thermal  conditions have an  impact on electric  lightings. The efficiency of  some  lighting 

sources  varies  with  room  temperature.  For  example,  the  efficiency  of  LEDs  is  higher  in  lower 

temperatures, whereas fluorescent sources’ efficiency is optimal in ambient air temperature and loses 

efficiency when they are operated in a too cool or too warm conditions. In reverse, electric lighting also 

impacts    thermal condition. Many  lighting sources have heat  loss  into  the  room which  impacts  the 

thermal conditions of the space directly. Therefore, the heat from lighting systems should always be 

considered when sizing HVAC systems. The designer should try to use more efficient artificial lights 

for buildings to reduce waste heat of the lights, while maintaining efforts in thermal comfort.  

Thus, the effects of orientation, design and shading of windows and their types of glazing should be 

taken  into  account both  in  thermal  calculations  and  in  radiant  effects  on  occupants. Additionally,, 

interactions between electric lighting and thermal conditions should be considered in choosing lighting 

sources which improve both thermal conditions and lighting comfort.  

 

Thermal‐Acoustics Interactions: Thermal environment and acoustic conditions have interactions in 

buildings. The effect of the thermal environment on acoustic conditions can be a side‐effects of forced 

air, resulting in HVAC system noise. As occupants need to concentrate on their work, they may turn off 

the HVAC system to decrease the noise in hope of increasing their concentration, but it  impacts the 

thermal comfort and decreases human comfort level in the space. Thus, in designing the HVAC systems, 

both thermal and acoustic requirements should be considered.  

Similarly, acoustical environments can impact the thermal condition of a space. The types of surfaces 

chosen for  improving acoustical aspects of the space can have  impact the thermal conditions of the 

buildings. For instance, covering the concrete floor with carpet to reduce the impact of noise can also 

reduce the thermal admittance of the space, which can impact the thermal mass effect of the building.  

 

Indoor Air Quality‐Lighting Interactions: Indoor air quality and lighting have a two‐way interaction. 

Direct solar incident can heat interior surfaces which can in turn increase the airborne distribution of 

dust particles  in the space.   This air with high particles can then cause more dust on the windows, 
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which can decrease the illuminance of the space. In addition to daylight, electric lighting also has an 

interaction with indoor air quality. Electric lights can be a source of direct pollutants. When the fixtures 

become hot, particles can spread  in the space and  impact the  indoor air quality of the space. Thus, 

indoor air quality can be affected by lighting for providing human comfort in the buildings. Choosing 

glazing, electrical lights, or even surface materials can be effective for improving this interaction.  

 

Indoor Air Quality‐Acoustics Interactions: One of the primary ways of increasing indoor air quality 

is utilizing ventilation,  either natural  (through  fenestrations) or mechanical  (through HVAC). Both 

ways can affect acoustics environment of the space, since HVAC produces noises through the ducts, 

mixing boxes, dampers, fans, etc. Fenestrations can increase noise when they are open to the outdoor 

environment. In passive systems, for improving indoor air quality, the designers tend to use operable 

windows to circulate fresh air. This approach can allow noise entering a space from outdoors, especial 

in busy urban areas near to highways, railways, playgrounds, etc. In these areas, occupants tend to not 

open  the window  because  of  the  noise  through  pass.  So,  if  the  building mostly  relies  on  natural 

ventilation, the indoor air quality will most likely be compromised. It should be recognized that the 

primary use of windows is often allowing daylight into the space. There are some acoustical louvers or 

acoustical plenum products available which  can be  installed  in  conjunction with windows  to allow 

outside air entry while decreasing noise. 

 

Lighting‐Acoustics Interactions: When daylight enters the space through single‐pane glazing, open 

windows or skylights, noise can also enter the space and decrease human comfort. However, visual 

access to the source of the noise may increase acceptability and produce discomfort. This is usually 

true  for  unpredictable  noises,  such  as  construction  noises  (ASHRAE  Guideline  10P,  2010).  Thus, 

designers should try to locate operable windows far from anticipated noise sources.  

5.  Discussions 

ASHRAE  Guideline  10P  (2010)  states  that  there  are  several  categories  in  human  comfort  such  as 

physiological, psychological, physical, chemical, temporal, social, thermal, visual, acoustic, and indoor 

air quality. In this article, these elements are divided to two scopes (i) elements which are not related 

to  building  design  phase  and  (ii)  elements which  are  related  to  building  design  phase  (Figure  2). 

Thermal, visual, acoustic and indoor air quality conditions are defined as elements which are related 

to building design phase, and all  the others are not related  to building design phase. The elements 

which are related to building design phase have been discussed. In Figure 2, the strategies which have 

been derived by Systems Thinking by considering the interactions between human comfort elements 

are shown. These strategies have been divided to four major groups (i) windows, (ii) electrical lights, 

(iii) HVAC and (iv) materials. Considering the number of strategies in each major group, windows are 

seen  to  theoretically have  the most  impact on  improving human comfort, since  it  impacts  thermal, 

visual, indoor air quality and even acoustics.  
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Figure 2. Human Comfort Diagram in this Article 
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After windows, HVAC is the second most effective element in building design, since it effects thermal, 

acoustics and indoor air quality of the space. Materials and electric lighting have the similar impact on 

human comfort as shown in Figure 2. 

6.  Conclusions: 

The goal of this paper is to understand the major elements of human comfort and their interactions to 

provide occupant comfort in intelligent buildings. To achieve this goal, Systems Thinking framework 

has been utilized to look at the situations in a holistic way. Thermal, visual, acoustic, and indoor air 

quality  as  the  major  elements  in  buildings  and  their  interactions  to  provide  human  comfort  in 

architectures have been reviewed. By considering the  interactions between major elements, several 

strategies have been derived, discussed and categorized. The outcome of this categorization shows that 

windows are the most influential building element to provide human comfort in buildings. HVAC is the 

following most significant element; and electrical lights and materials have the same impact on human 

comfort  in buildings. According  to  this outcome, designers of  intelligent buildings  should  consider 

windows as one of the most effective building elements to improve human comfort. There are several 

ideas  for  future studies  in this  field such as understanding the effects of major elements of human 

comfort on other aspects of buildings such as energy efficiency, life cycle, and etc.; and the impact of 

energy efficiency strategies on human comfort. 
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Abstract 

With the increasing concern of the building environmental impacts, governmental regulation and people own consciousness 

have shown rising interest in buildings protocols and methods for sustainability certification. Life cycle assessment (LCA) 

represents a useful tool for designers, companies and building owners in every phase of the construction process, but its 

daily use encounters several applicability problems. It is indeed hard to take into account crucial parameters regarding the 

economic, aesthetic and energetic performances of each alternative in a whole sight. The aim of this paper is to exploit LCA 

techniques to evaluate the environmental impacts of three different types of roof analysed within the building component 

scale. A green, reverse, and simply waterproofed roofs have been drawn and split into each component’s environmental 

impacts, whereas a multi-criteria decision analysis (MCDA) tool integrating economic, social and aesthetic parameters. LCA 

results showed that the reversed roof solution gives out the minimum environmental damage (-69,46% compared to the 

common waterproofed roof). The results from this LCA analysis are included in a more holist MCDA approach which is 

able to consider different objectives (thermal performance, construction cost, aesthetic performance, social utility, 

environmental impact). This integrated evaluation is conducted according to different scenarios and points of view (eco-

social and business-as-usual), and gave scenarios with synoptic assessment of each maximized performance. Conclusive 

remarks show that an MCDA qualitative analysis coupled with quantitative result from LCA appeared to be a very helpful in 

comparing options in the design phase of a building, and a useful communication tool among all the stakeholder of the 

construction process. This new approach based on the LCA-AHP analysis can help decision makers to find sustainable 

alternatives among available options and promises a more sustainable product or process. 

 
Keywords: Environmental Performance, Building Assessment, LCA, MCDA, Decision making. 

1.   Introduction  

With the increasing concern of the building environmental impacts amongst public and private companies, governmental 

regulation and people own consciousness have shown rising aspiration towards a sustainable urban development. The 

building sector is one of the most contributors to global energy consumption and environmental impacts - it is often called 

“the 40% sector” (CAN Europe, 2005) because it is responsible up to 40 percent of total energy use worldwide (UNEP, 

2007; WBCSD, 2007; De T'Serclaes, 2007). What is currently hard to achieve, is not the evaluation of a specific 

characteristic of a single material, or of the overall building performance, but rather the synoptic assessment of an assembly 

of elements among the same construction process. The lack of such vision discourages architects and designers to innovate 

or propose new agreed solution. Life cycle assessment (LCA) provides a holistic approach to define materials and products 

environmental impacts along with their use-phase and disposal scenario (Alshamrani et al., 2014; De Felice et al., 2013; 

Vilches et al., 2017). Several single building materials and products have already been assessed with LCA (Woolley and 

Kimmins, 2000): wood, concrete (Bjorklund and Tillman, 1997), clay bricks (Koroneos and Dompros, 2006), insulating 

stone wool (Schmidt et al., 2004), hard floor coverings (Gunther and Langowski, 1997), and so on. However, there is still 

little number of analyses on medium scale elements (walls, windows, or roofs) (Chau et al., 2015), as shown in table 1.	  
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Table 1	  Types of functional units employed in various LCA studies, from Chau et al., 2015.	  

 
As highlighted in many different reviews on LCA in the built environment (Anand and Amor, 2017; Buyle et al., 2013; 

Jeswani et al., 2010), there are no solid guidelines on which stream of methods should be applied under specific 

circumstances. Although they can be applied for comparing different building designs with respect to their environmental 

impacts, there are still some drawbacks in boundary scoping, methodology framework, data inventory and practices, which 

impairs their usefulness as a decision making support tool. Conceivably, the usefulness of LCA can be further enhanced in 

building construction by standardizing the requirements for individual studies on the boundary scoping, methodology 

choices and data inventories so as to establish benchmarks for different types of buildings. Also, it is important to extend the 

current scope of LCA to include effects of indoor environmental qualities, building location as well as social considerations. 

The fundamental LCA concept is useful to formulate the building environmental assessment schemes embracing all these 

aspects. Of equal importance, is to search for effective policy governance measures to encourage building designers and 

developers to apply life cycle study in early design stage even though it may slightly prolong the tight building design 

schedule. Therefore, the aim of this paper is twofold: to compare the environmental impacts of three kind of roofs, including 

their energy consumption in a time span of 100 years, and to couple these quantitative results with qualitative assessment of 

other roof’s features, providing different scenarios with integrated solutions. 

2.   Methods 

2.1. LCA scoping 

The aim of the first part of this study is the comparison between the environmental impacts of tree different types of roof, in 

order to identify the solution with the minimum amount of damage points. The functional unit is constituted by one square 

meter of roof. The system boundaries go from the raw material extraction to the disposal scenario, considering the machines 

and the energy needed in the production phases, for the transportation from the firm to the site and for the end-life treatment 

of those materials. Unlike the single material analysis, here the energy consumptions for summer/winter cooling/heating is 

included.  
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Figure 1.	  The Simapro Functioning scheme	  

The method follows the SimaPro function scheme in Figure.1, where the grey boxes contain data collection for the product 

and its components, the single framed are for contents of each database and the double framed for the calculation and the 

evaluation phases. The assumption at the base of the evaluation are the one embedded in the Ecoindicator 99 method, 

modified with the updated database dedicated to the Italian products and processes presented by Neri (Neri, 2007) . Eco-

indicator 99 takes into account three damage categories (Human Health, Ecosystem Quality, Resources) and the following 

impact categories: Human Health Carcinogenics, Respiratory organics, Respiratory inorganics, Climate change, Radiation 

and Ozone layer measured in DALY (Disability Adjusted Life Years); Ecosystem Quality Ecotoxicity, Acidification, 

Eutrophication, and Landuse measured in PDF*m2y (Potentially Disappeared Fraction of Plants species), Resources, 

Minerals and Fossil fuels measured in MJ surplus. All the transportations input was considered from the nearest production 

plant to the building site that has been set in Salerno, Italy. The geographical setting is also crucial for the climatic boundary 

condition when calculating the thermal load within 1ms of functional unit. The amount of Thermal Power (Pti) needed to 

maintain an internal room temperature of 20°C in wintertime is given by the (1): 

Pti= (λ/s)*S*ΔT ⇒ Pti= ki*Si*Δti        (1) 

where: 

λ  is the thermal conductivity (W/mK), s is the thickness (m), S is the surface area (m2) (supposed to be orthogonal to the 

thermal incoming flux. i.e. that the roof is horizontal and ΔT is maximum), and ΔT is the difference between external and 

internal temperature, and k = 1/(1/αi + 1/αe +Σsi/λi). The Primary Energy Qti is obtained by multiplying Pti to hours/day, to 

days/months, to the months/year and to the supposed life years of the building, only for the supposed operational time frame 

of heating plant. In order to take into account also other important parameter like diffusivity, increased during summer, for 

the calculation of the cooling thermal power some adjustment factors by means of experimental data and diurnal variation of 

temperature and the thermal lag. Obviously, it is assumed that each proposed roof package must respect every law 

prerequisite in terms of security, safe, maximum U value, sound reduction and humidity control (dlg n° 192, following the 

2002/91/CE).  

2.2. LCI – Life Cycle Inventory 
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The roof assembly tagged R1 is a waterproofed concrete roof. It is made up as illustrated in Figure 2 and as parameterised as 

in fig.3 to calculate its thermal performances. The results (U value =1.772 W/m2K, total thickness=0,32m, superficial mass= 

370kg/m2) were input in Simapro for the energy consumption during winter and summer. The process flow was compiled as 

in Table 1 in the appendix. 

	  

Figure 2.	  The roof assembly tagged R1 (waterproofed concrete roof)	  

With the same structure as the R1, R2 is a typical reversed roof. It has the R1’s layers plus an insulation layer of polystyrene 

(7cm), a waterproof layer and a gravel bed on the top (8cm) are illustrated in fig.5 and parameterised in fig.6. The process in 

Simapro data input flow was compiled as in Table 2. Process flow for R1, in the appendix. 

 

Figure 3.	  The roof assembly tagged R2 (reversed roof) 

The R3 roof is a typical green roof composed as the R1 plus an insulation layer of expanded polystyrene (8cm), an air gap 

between the structure that collect the ground and the above under structure (2cm), waterproof layer and a ground bed on the 

top (10cm) with a certain percentage of humidity to let the plants grow on it. The thermal properties are calculated with the 

Termus software1 and the results are shown in Figure 4. 

	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 https://www.acca.it/software-certificazione-energetica	  
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Figure 4.	  The roof assembly tagged R3 (green roof) with relative thermal properties 

2.3. Multi-criteria decision analysis 

Multi-criteria decision analysis (MCDA) provides a systematic process for trading off effects of various alternatives, taking 

into account all the aspects and values involved in the decision and synthetizing individual contributions. Originally 

developed in the field of Operative Research, discrete MCDA is able to determine lists of priorities from a finite series of 

choice options (alternatives) which are assessed and compared in relation to identified characteristics of the problem 

(criteria) when it is appropriately broken down into its fundamental elements. In particular, MCDA provides the following 

benefits: a clear definition of the criteria used in the selection of an option between alternative solutions; a weighting of the 

criteria to be used in the evaluation, in accordance with different point of views; a combination of multiple aspects which 

have a different nature; a comparison between objectives, strategies of the various subjects involved, and available 

resources; a transparent and explicit evaluation approach. 

Literature presents a wide range of MCDA methods which can be grouped in families, as quantitative, qualitative and mixed 

(Figueria et al. 2008). These differ from each other in the nature of information they are able to manage, i.e. cardinal (hard), 

ordinal (soft) or mixed data. 

A well known example of a mixed – data method is the Analytic Hierarchy Process (A.H.P. model), developed by Saaty 

(1980, 1992, 1993, 1994, 1995, 1996a, 2001) which translates expert judgments in a 9 points-scale, providing cardinal 

indices for operationalizing.  The mathematician Thomas L. Saaty developed the AHP as an aid to managers in making 

decisions. Subjective assessments and objective facts are incorporated into a logical hierarchical AHP framework to provide 

decision-makers with an intuitive and common sense approach in quantifying the importance of each decision element 

through a comparison process. This process enables decision-makers to reduce a complex problem to a hierarchical form 

with several levels (Saaty and Forman, 1993).  

In setting up the decision hierarchy, the number of levels depends on the complexity of the problem and on the degree of 

detail the analyst requires to solve the problem. Generally, the hierarchy has at least three levels: goal, criteria and 

alternatives (Saaty, 1995). Since each level entails pairwise comparison of its elements, Saaty suggests the number of 

elements at each level to be limited at a maximum of nine (Saaty and Vargas 1991).  
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The process starts by determining the relative importance of particular alternatives with respect to the criteria and the sub-

criteria (Saaty and Kearns, 1991). Then the criteria are compared with respect to the goal. Finally, the results of these two 

analyses are synthesised by calculating the relative importance of the alternatives with respect to achieving the goal.  

The process of comparison is represented by forming a comparative matrix. If the analyst has at his disposal n alternatives, 

or criteria that form the comparative matrix, then he must make n(n-1)/2 evaluations. Pairwise comparison data are collected 

for only half of the matrix elements: diagonal elements always equal one, and the lower triangle elements of the matrix are 

the reciprocal of the upper ones. 

Pairwise comparisons give to the user a basis to reveal his/her preference by comparing two elements. Furthermore, the user 

has the option of expressing preferences between the two as equally preferred, weakly preferred, strongly preferred, or 

absolutely preferred, which would be translated into pairwise weights of 1, 3, 5, 7 and 9, respectively. The numbers 2, 4, 6 

and 8 are used as intermediate values when there is not agreement between preferences.  The reciprocal numbers 1/2, 1/3, ..., 

1/8, 1/9 complete the matrices. The technique of the AHP takes as input the above comparisons and produces the relative 

weights of elements at each level as output using the "eigenvalue" method.  The eigenvector of each comparative matrix is 

the priority list, while the eigenvalue gives the measure of consistency in making the assessment or comparison. The 

synthesised eigenvector is the global sequence of the alternatives with respect to achieving the goal.  

The last step of the procedure aggregates relative weights of various levels obtained from the previous step in order to 

produce a vector of composite weights which serves as ratings of decision alternatives in achieving the most general 

objective of the problem. The use of AHP is facilitated by the availability of a user-friendly supporting software Expert 

Choice2 that we used for the calculation. 

3.   Results 

 

Figure 5.	  Comparison between the three roof total damage points according to Eco-indicator99 assessment method 

From the analysis of the result of the LCA applied to the three types of roofs, it can be inferred that the R2 solution, i.e. the 

reversed roof, provides the minimum damage (32.621 Pt), with a reduction in comparison to the simple roof (R1) by 

69,46%. The green roof (R3) produces 33.146 damages points. In Human Health the reversed roof produces the minimum 

damage (9.2596 Pt) with a reduction in comparison to the simple roof by 37,99%, above all for the Carbon Dioxide, Fossil 

contained in the fossil fuels category and most founded in the process for the cooling and heating loads. In Ecosystem 

Quality the green roof produces the minimum damage (0,62078 Pt) with a reduction in comparison to the simple roof by the 

47.36% above all due to two components, 1095,5 Kg of Nitrogen oxides and Transformation to dump site, benthos, funded 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2 https://expertchoice.com/our-decision-making-methodology/	  
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in the process for cooling and heating. The reversed roof damage is 0,67491 Pt. In Resources the reversed roof produces the 

minimum damage with 22.686 Pt, decreasing the impacts by the 74.96% above all thanks to the minor consumption of Gas, 

Natural, in Ground used for the cooling and heating of the building. The other most affected damage categories is the 

“respiratory inorganic”, due to the particulate matter emission in transportation and excavation of the material from the cave. 

The one that is strongly reduced is the “Climate Change” category, thanks to the dramatically reduced energy consumption 

during the using phase when the roof is in a way or in another well insulated. The disposal scenario of a particular plastic 

layer in the reversed roof make the percentage of carcinogens increase in the histogram bars, so a polyolefin or special paper 

substitute can be suggested in order to avoid that negative impact. 

 

Figure 6.	  Comparison between the three roof total damage points according to Eco-indicator99 assessment method 

The first step in applying the AHP model is dividing the problem into one or more criteria which will be used to weight the 

alternatives options. This means that it is necessary to define the hierarchical levels: goal, criteria, sub-criteria and 

alternatives. In our case, the goal is to assess different type of roofs according to their performances on the aesthetic, 

economic, and social point of views. The final set criteria are as follows: 

1.   Thermal resistance 

2.   Construction cost 

3.   Aesthetic performance  

4.   Social utility 

5.   Environmental impact. 

Both the first and last criteria are derived by the previous LCA application. Additional quantitative data are related to the 

costs of each option. These are obtained summing up materials and site assembly as found in the regional built environment 

costs of unit list: the gravel roof (R2) turned out to cost 176,26 €/ms, the green one (R3) 195 €/ms, while the simply 

waterproof roof (R1) costs 125,69 €/ms. 

The performance evaluation of the aesthetical and social issues has been conducted by the authors in consultation with 

designers, by adopting the pair comparison approach suggested by Saaty (2005). 

The results from the overall performance evaluation of the three roofs are illustrated in which reflects the neutral scenario 

(all criteria weights are equal to 1). As one can notice, the overall performances of the green roof are higher than the others. 

Specifically, this roof shows very very high performance for the aesthetics (see photo) and social issues (gardening, etc.). on 

the contrary, the insulated roof is performing better in the thermal and environmental aspects while the current one (R1) only 

in relation to the construction cost criterion.  
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Two additional extreme evaluation scenarios have been considered in this application in order to reflect the major 

viewpoints of the built environment stakeholders involved, and specifically:  

•   an ‘eco-social’ scenario, where the aesthetic, social and environment criteria are the only weighted criteria.  

•   an opposite ‘efficient’ technical view-point (‘business as usual’) scenario where only the thermal performances 

and building costs are considered.  

In the first case, it is again the green roof to achieve higher performances, followed by the insulated and the current one. On 

the contrary, in the second case, it is the insulated roof to be ranked first. 

4.   Discussion and conclusion 

Regarding the first LCA comparison discussed in this paper, it is plain that the major source of environmental damage comes 

from the energy consumption in the use phase. This means that, in order to reduce this and consequently the overall impact, 

not only is necessary count on renewable energy sources to avoid fossil fuels and gas consumption, but it will be also crucial 

to beat on the energy performance of the single component. If a layer of insulation, at first step analysis, would present a 

major embodied energy or higher pollutants index in the production phase, those effects could be overcome by  less energy 

requirement for cooling and heating. In other words, an apparently more polluting insulation would be more desirable than a 

natural, non-treated layer. The latest could be less impacting in the production or disposal phase but making the cooling and 

heating loads rise up for a longer period of time. For the peculiarity of the building sector, a long-term performance is 

essential to do a correct evaluation. Regarding the methodology used to compare the alternatives, a strong accent must be put 

on the essential availability of a local database (what Italy lacks of) and different assessment methods that involve local 

material, transportation, resources and pollutant potentially dangerous, and any other local special boundary. It could have 

been useful to have compared, starting from the same data base set, the result with other assessment methods (EPS, Impact 

2002+, EDIP 97) to compare also different weight factor for the three ranking perspective (Hierarchist, Individualist, 

Egalitarian). In the end, the work showed that the relationship between design, energy consumption and disposal scenario is 

very, very complex. Although with its limitation, the LCA methodology seems to be the only one that can provide scientific 

data to make:  

-   the designer aware of the sustainability of the building since the earlier sketches 

-   the producer pushed to avoid pollutants emission during the production process of the material and to forecast a 

sustainable disposal scenario (the more the renewable energies will be part of the energy sources, the more a 

material environmental impact will fall not in the use phase but in its manufacturing and disposal phases) 

Performance  Sensitivity  for  nodes  below:  Goal:  Roof  selection  for  a  school
building  in  Salerno
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-   the public administration promoter of good practice and awarded green behaviour by buildings, constructors and 

designers 

-   the user aware of the added value of the building and conscious of the footprint left on the Earth. 

To let in that virtuous circle a big effort is required from every single actor of the building process, but as researchers huge 

preliminary works will be needed to provide local standard to which compare the results at the small, medium and large 

scale. Above all in Italy, on side of the energy performance declaration now mandatory for all the new construction, it could 

be useful a contemporary, mandatory Ecolabel criteria for the building material, package or whole construction, in order to 

force the research and the market in this direction. However, MCDA brought new perspective into traditional LCA. 

Conceptually, the use of qualitative, participative and prospective elements of MCDA procedural framework are 

complementing LCA. MCDA can provide information on site-specific aspects that cope well with the local constrain about 

social and economical issues, even when acquired by expert panels in a qualitative way, but risks are around the corner: 

LCA reliability can be stretched out beyond comparability if different scales and level of deepness are included all together 

on the results. This might lead to a trade-off between broadening and deepening the approach, with the result of making 

LCA even more complex and time-consuming for everyday use (if economical and social aspect are quantified as the 

environmental impact) or too analytical know how and resources while trying to involve many stakeholders and criteria.One 

of the major advantages of our methodology is that it: breaks down a problem into elementary aspects; collects basic input 

data for all criteria of LCA Analysis and AHP Model; classifies the various environmental impacts; aggregate weights and 

scores to establish the final ranking in order to define the optimum solution. We believe that our new approach based on the 

LCA-AHP analysis helps decision makers to find sustainable alternatives among available options and promises a more 

sustainable product or process. 
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Appendix 

Table 2. Process flow for R1 

1mq rainproof layer in PVC (SARNAFIL G 476-20) 
(sp=2mm), 1p; weight = 2.8 kg;  

Transport, lorry 28t/CH S 2214,8 kgkm From Sarnafil firm plant in 
Milano to the building site in Salerno=791km*2.8=2214,8kgkm 

1mq lightened concrete (10 cm=0,1 m) 1 p; weight: 
45kg;  

Transport, lorry 28t/CH S 2240 kgkm slab from the firm to the site, 
supposing a cave near Salerno which can provide all the 

components: 112kg*20km=2240kgkm 

1mq airbrick floor with ironed joints (0.22m) 1p; 
weight: 117.744+114.92+ 88=320.664kg 

ExtTemp,max=31.2°C, intT=26°C. DifExtTmax-intT=5.2. 
DTeqmax=(15.2-8.5)/200)*(700370)+10.5=21.555(h23)Adjusting 

factor:-0.3/DTeq=21.255 Pte=1,772*1*(21.255)=37,664W 

1mq plaster (0.01m) 0,75 p/0.02*0.015=0.75p; 
28*0.75=21 kg 

Eti=37,664W*4h/g*2*26g/a*100a=783408,288W=783,408kWh(h
eat) 

Heat, natural gas, at boiler condensing modulating 
<100kW/RER S 3648,902 

Transport, lorry 28t/CH S 5448,8 kgkm air briks: 
272.44kg*20km=5448.8kgkm 

kWh energy consumption during winter: 
Pti=1,772*1*(20-2)=31,896W 

Eti=31,896W*8h/g*26g/m*5,5m/a*100a=3648902,4W
=3648,902kWh 

Transport, lorry 28t/CH S 280 kgkm plaster: 
14kg*20km=280kgkm 

kWh Heat: energy consumption during summer:  
superficial mass:370 kg/m2  

RP_Recycle PVC from the site (with coproduct) Sarnafil 
membrane: 2.8kg 

ExtTemp,max=31.2°C, intT=26°C. DifExtTmax-
intT=5.2. DTeqmax=(15.2-

8.5)/200)*(700370)+10.5=21.555(h23)Adjusting 
factor:-0.3/DTeq=21.255 

Pte=1,772*1*(21.255)=37,664W 

RP_Recycle concrete screed no steeled (with coproduct): 45 kg 
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Eti=37,664W*4h/g*2*26g/a*100a=783408,288W=783
,408kWh(heat) 

RP_Recycle concrete floor (with coproduct): 272.44kg - 2.112 
(steel)*2 -1.12=267.096kg 

RP_Recycle steel (with coproduct): kg 
2.112*2+1.12=5.344kg	  

RP_Recycle plaster(withcopr): 14kg 
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Abstract
Additive manufacturing (shortened as AM) is a modern production method with many possible applications throughout wide
industrial, medical and consumer sectors. The technology is referred as 3D printing in the case of consumer applications.
Additive manufacturing is a general term for industrial manufacturing technologies for creating physical objects by adding
material layer by layer. Additive manufacturing technologies have shown great promise due to freedom of design and ability
to add functionalities to products. In addition, additive manufacturing may offer significant environmental benefits to
manufacturing industry. In this study, a systematic approach for identifying greenhouse gas emission reduction possibilities
by utilizing additive manufacturing is presented. The study is based on life cycle thinking and systematic literature review.
The scope of the study is manufacturing and process industry. The medical and consumer “hobbyist” applications are not
included in the study. The framework is applicable for all additive manufacturing process categories defined in ISO 52900.
The framework consists of 1) defining the actor using the AM technology, 2) defining the use application of AM product, and
3) defining the baseline and 4) system boundaries for the comparison to identify the possible GHG reductions. It is concluded
that additive manufacturing can offer significant greenhouse gas emission reductions during product life time i.e. through
increased energy and process efficiency when applied in relevant applications. However, applying additive manufacturing
does not always result in reduced greenhouse gas emissions. When aiming at more sustainable manufacturing systems, it is
crucial to utilize life cycle thinking. More research is needed also for more extensive life cycle inventory databases and further
life cycle assessment based case studies.

Keywords: additive manufacturing, environmental sustainability, life cycle assessment, greenhouse gas emissions

1. Introduction

Additive manufacturing offers wide range of possibilities to industrial applications but also to other fields of society such as

education, architecture, cartography, toys and entertainment (ISO 52900, 2017). In manufacturing industry and industrial

operations, there is a great need and urgency to cut down greenhouse gas emissions resulting from these operations (IPCC,

2014). The systematic approach presented here is especially valuable for manufacturing industry operators who aim to decrease

the greenhouse gas emissions of their operations. They can make preliminary screening with this approach, and continue with

more detailed assessment. 3D printing at home, also called personal fabrication is, left out of the scope of this study.

The ISO 52900 standard divides AM technologies to seven process categories. The seven different AM process categories,

short description, technology names and possible materials used in these categories are presented in Table 1. The Table is

reproduced from Kellens et al. (2017a) and it is accordance with ISO 52900. Detailed description of different AM technologies

have previously been provided for example by Gibson et al. (2010).

Table 1. Different AM categories (Kellens et al., 2017a; ISO 52900, 2017).

Process category Description Technologies Materials
Powder bed fusion Regions of a powder bed are selectively fused by

focused thermal energy.
EBM, SLS, SLM,

DMLS, SHS
Metals,

polymers,
composites

Direct energy deposition Focused thermal energy is used to fuse materials
by melting as the material is being deposited.

LMD, DALM,
DMD, LDD

Metals, garded
materials with

metal and
ceramic
mixtures
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Material extrusion Material is selectively extruded trough a nozzle or
orifice.

FDM Polymer-based,
carbon

reinforced
polymer based,

wood-based, etc.
materials

Vat photo-
polymerization

Liquid photopolymer in a vat is selectively cured
by light-activated or ultraviolet polymerization.

SLA, DLP Photo-polymers

Binder jetting A liquid bonding agent is selectively deposited to
join powder materials, followed by an optional

final curing process.

BJ, PBIHH, PP Polymers,
metals, sand

Material jetting Droplets of build material are selectively
deposited.

MJM, PolyJet,
MultiJet, etc.

Polymers, waxes

Sheet lamination Sheets of material are bonded to form an object. LOM, UC Metals, paper
Note: EBM = electron beam melting; SLS = selective laser sintering; SLM = selective laser melting; DMLS = direct metal
laser sintering; SHS = selective heat sintering; LMD = laser metal deposition; DALM = direct additive laser manufacturing;
DMD = direct metal deposition; LDD = laser direct deposition; FDM = fused deposition modeling; SLA = stereolithography;
DLP = digital light processing; BJ = binder jetting; PBIH = powder bed and inkjet head; PP = plaster-based 3D printing; MJM
= multijet modeling; LOM = laminated object manufacturing; UC = ultrasonic consolidation.

Typical applications of AM include proof of concepts, prototypes, and end use products (Sculpteo 2017). Polymers are the

most used raw materials also in industrial applications of additive manufacturing (Sculpteo 2017). Metal additive

manufacturing is typically used in industrial applications where there are need for special material properties, complex

structures and a need to endure severe working conditions (Ford and Despeisse 2016). Such applications include aerospace

and automotive industry and power industry. Also applications of direct energy deposition in repair and remanufacturing

purposes, in addition to previously mentioned, have been identified and listed by Leino et al. (2016) to include also critical

parts in power plants and tool and die manufacturing industry.

Research on the sustainability of additive manufacturing and extensive review on the subject have previously been done by

Kellens et al. (2017a), Kellens et al. (2017b), and Ford and Despeisse (2016). Kellens et al. (2017a) conclude that from

environmental perspective additively manufactured parts can be beneficial for small manufacturing batches or in the case

where additively manufactured part provide substantial functional advantages in the product use phase. Kellens et al. (2017b)

conducted an extensive overview on the current available life cycle inventory data on AM manufacturing processes. They

conducted that the use phase of the additively manufactured part is crucial and should compensate the relatively high

environmental impacts of the production phase. In their review, Ford and Despeisse conclude that benefits of additively

manufactured parts can be found in product and process redesign, improvements to material input processing, make-to-order

component and product manufacturing, and closing the loop with operations such as repair, maintenance and remanufacturing.

This study compliments previous studies by presenting a systematic approach for industrial sector on identifying the possible

greenhouse gas emissions reduction possibilities and recognizing the ways they can be achieved.

The specific focus of the approach is life cycle perspective to avoid burden sifting between life cycle stages. Different AM

process are rather energy intensive compared to some conventional manufacturing methods. Based be review by Kellens et al.

(2017a) the specific energy consumption values of AM are 1 to 2 orders of magnitude higher compared to conventional

manufacturing processes such as machining (turning and milling), casting, and injection molding. Nevertheless, AM might

provide GHG reductions in other life cycle stages and for that reason holistic perspective and fair comparisons are essential to

determine best manufacturing strategies for specific need.

The systematic approach presented here is based on life cycle thinking and conducting LCA to verify the findings of

preliminary screening conducted with the presented approach is recommended before decision-making. ISO 14040 and ISO

14044 provides description of life cycle assessment (LCA) methodology and the basics of life cycle thinking. LCA is the most

scientific approach for environmental impact assessment and established methodology.
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2. Methods

The method of this study is systematic literature review. The literature examined for this study was searched through Scopus.

The used words for the research and search logic was (TITLE-ABS-KEY("additive manufacturing") OR TITLE-ABS-

KEY("3D printing") AND TITLE-ABS-KEY("greenhouse gas emission") OR TITLE-ABS-KEY("carbon footprint") OR

TITLE-ABS-KEY("environmental impact"). The search was conducted in February 2018 and resulted in 96 documents. After

preliminary screening based on the abstracts 79 documents were selected for in-depth review. The documents were from years

2000 to 2018, with the majority of the research published in 2016. 47 were journal articles, 23 conference papers, 4 review

articles, and 1 book chapter. 3 articles were still in press and the 1 remaining documents was editorial review. The documents

are presented by the year of publication after year 2010 in Figure 1. There was only one article written between years 2000

and 2008.

Figure 1. Number of publications per year after 2010.

During the in-depth review, the 1) client using the AM product, 2) use application, 3) defined baseline for comparison, if

analysed, and 4) system boundaries of the study was inspected.

The literature review was complemented with subject expertise of the authors, the results of the literature review were

transferred into a framework where the positive environmental impact are analysed systematically. This framework has been

developed in a Carbon Handprint project funded by Business Finland, Finnish companies and research institutes conducting

the research.  In this project, guidelines for identifying and quantifying the carbon footprint reductions of enabled by a product

or a service are being created. Essential in the Carbon Handprint methodology is to recognize the possible actors, that can

reduce their greenhouse gas (GHG) emissions by using the examined product or service. This paper focuses on identifying the

greenhouse gas reduction potential of additive manufacturing. Thus the entire Carbon Handprint methodology and aspects

relating to communication are not addressed in this paper. The steps included in this paper are 1) defining the actor using the

AM technology, 2) defining the use application of AM product, and 3) defining the baseline and 4) system boundaries for the

comparison to identify the possible GHG reductions.

3. Results and Discussion

It is conducted based on the literature review that greenhouse gas emissions reductions can be achieved with AM with either

due to reductions of material use, energy use, process losses or waste or due to increased product performance or lifetime. The

following possibilities are presented systematically in Figure 2.
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Figure 2. Systematical presentation of possible mechanisms for greenhouse gas emission reductions during product lifetime.

Reductions in material use might be result of repair operations, remanufacturing and avoided new raw material use

(Walachowicz et al. 2017; Kellens et al 2017a; Peng et al 2017; Le at al 2017; Yang et al 2017). Reduction in life cycle material

use might also be due to material efficient manufacturing system (Bekker and Verlinden 2018; Paris et al. 2016; Priarone et

al. 2016). These same applications might also result reduction of process losses and waste generation and increase life time.

Losses refer to wastage during different life cycle stages before and during use phase and waste refers to products after the use

phase. Reduction in energy use might be result of enchanted energy efficiency and product performance over life cycle (Huang

et al. 2016; Mami et al. 2017 and Junk et al. 2017; Burns et al. 2016).

Figure 3 shows systematic approach for identifying possible greenhouse gas emission reduction possibilities with additive

manufacturing. The validation of the systematic approach is mainly based on the publications found on the literature with a

specific case study where actual calculations were performed to validate the results. The validation is complemented with the

main findings of some of the assessed review articles (Ford and Despeisse 2016) and studies found trough these reviews.

Kellens et al. (2017a) have made a profound work discussing environmental analysis, process modelling and improvement

measures of additive manufacturing at unit process level. They also provide a summary of research comparing the

environmental performance of AM processes and conventional manufacturing strategies and introduce structured overview of

potential benefits arising during the use phase of additively manufactured parts. Especially, the part presenting use phase cases

are used to validate the framework presented in this article.
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Figure 3. Systematical presentation of possible mechanisms for greenhouse gas emission reductions during product lifetime.

Four different types of actors were recognized that either utilize additive manufacturing as a production technology or use

products which are manufactured with AM (see Figure 3).  These actors are 1) product manufacturer producing a component

or part for end use application 2) product manufacturer applying additively manufactured tool in their process 3) provider of

a repair service for a product and 4) product manufacturer conducting a supply chain optimization. These all have potential in

reducing their GHG emission by different mechanisms (Figure 2).

First actor identified exploiting AM is a product manufacturer which uses the AM technology instead of other (conventional)

fabrication technology. The hypothesis is that the performance of the product is improved with additively manufactured

component, e.g. mass reduction or novel design leads for example to improved energy efficiency.

A number of studies focusing on the transportation sector and the possible weight reductions achievable with AM was found

on the literature review. Huang et al. (2016) conducted a cradle-to-gate LCA to 17 major aircraft components and AM was

compared to conventional manufacturing. The results were calculated for the whole USA passenger aviation sector by 2050

and it was found that AM enables lighter components that could help to reduce energy consumption by 6.4%. The AM

technologies considered in the study were SLM, DMLS, and EBM. Mami et al. (2017) and Junk et al. (2017) conducted LCA

for single component from an airplane and vehicle. In both studies additively manufactured part resulted in less environmental

impacts mainly due to weight reduction and decreased fuel consumption in use phase.

Possibilities for increased energy efficiency can also be found from products used in industrial processes. A study by Burns et

al. (2016) proposes that additively manufactured integrated filter support and filter portion design has a potential to reduce
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pumping energy requirements while delivering the required filtration level. The energy use could be reduced because AM

integrated filter support and filter portion design decreased the pressure drop across the filter.

AM provides possibility for part consolidation, which means reduction of part count in a component. Yang et al. (2017) studied

part consolidation with a case study where consolidated part produced with binder jetting was compared component produced

with sheet metal forming, stamping and fillet and arc welding. They conducted a gate-to-gate LCA and found out that the

consolidated part resulted in over 28 % less GHG emissions.

Also some studies presented possibilities for GHG emission reduction already in the production phase. Comparative LCA of

wire and arc additive manufacturing (WAAM), a type of DED process, and green sand casting and CNC machining of stainless

steel was conducted by Bekker and Verlinden (2018). They concluded that environmental impact of WAAM was in the same

order as traditional fabrication techniques in cradle-to-gate comparison. The functional unit of the study was 1 kg of 308 l

stainless steel so the possibility for material reduction with design optimization in the case of AM was not included in the

study. This could have decreased the environmental impacts of WAAM even further.

Paris et al. (2016) performed LCA study where EBM was compared to milling in manufacture of turbine from titanium. They

found out that EBM appears to be environmentally friendly manufacturing option for complex parts when the optional

conventional manufacturing method would require strong material removal. For simple turbine designs, milling was found to

result in less environmental impacts. Priarone et al. (2016) had similar finding in their study. They also compared titanium

sample parts manufactured with EBM to parts manufactured with CNC machining.

Most of the studies highlight the fact that for AM to provide its full potential the products must be optimally designed for AM

and the manufacturing processes professionally managed to ensure highest possible process efficiency. AM user should avoid

or minimize and optimize support structures by design (Järvinen et al 2014) or by process and minimize needed post processing

operations (Walachowicz et al. 2017).

Similar mechanism is valid for the second actor identified. Difference is that here the product manufacturer only uses a tool

which is produced with additive manufacturing. AM produced tools can provide several advantages compared to

conventionally manufactured tools for the same use purpose. Tools manufactured with AM can be manufactured quickly also

with slight modifications to cater the changed requirements of the production process. AM tools can also be more durable

compared to conventionally produced tools, thus resulting in less number of tools to be produced and used in total for the

manufacturing process. Additively manufactured tools can also increase the energy efficiency of the production process for

example with unique design which reduces resistance of flow in coolers or mixers. A study by Morrow et al. (2007) describes

that via DMD a wear resistant coating can be applied to different kind of tools, for example to a forging tool, and prolong the

life time of tools.

Third option for GHG reduction possibilities with additive manufacturing is to fabricate and use spare parts produced with

this technology. This allows lengthening the life time of the broken product, decreases amount of waste generated, and avoids

the production of a new product for replacement. Naturally, some spare parts can be manufactured with other production

technologies as well and thus same benefits are gained, but additively manufactured spare parts can be produced in demand

locally and faster. Remanufacturing is often discussed in the same context with repair processes and for that reason

remanufacturing is discussed in this section. Remanufacturing can be defined as industrial process restoring used products to

“as good as new” condition (Steinhilper & Hudelmaier 1988). This is not usually the case with repair process where a specific

fault are corrected in a product. This does not leave the product to “as good as new” condition. Nevertheless, in literature the

term remanufacturing is used loosely and often referring to activity that is actually repair process.

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

412



Walachowicz et al. (2017) studied SLM in repair process of gas turbine burners and compared it to conventional machining.

They conducted cradle-to-gate LCA and found out that repair process based on AM can significantly reduce GHG emissions

compared to conventional machining and welding process. Especially in a situation where LBM process substitutes a

manufacturing process with low material utilization. Peng et al. (2017) compared three impeller production methods in a

cradle-to-gate LCA study. They compared conventional manufacturing with plunge milling to manufacturing and

remanufacturing with laser cladding. They found out that remanufacturing with laser cladding could reduce GHG emissions

compared to conventional manufacturing by almost 65 %. Raw material of the impeller was titanium. Le et al. (2017) studied

a strategy where new part is directly manufactured, remanufactured, from end-of-life part. They compared EBM and finishing

operations done with CNC machining to new product manufactured with CNC machining and estimated that GHG emissions

could be reduced by 42 % with remanufacturing with EBM.

This leads to the fourth possibility to reduce GHG emissions of an actor. Supply chains can be optimized and GHG emissions

reduced if product is produced only for identified need. AM technology allows fabrication of tailor-made products requested.

The production is fairly fast and thus no massive amounts of components or products warehoused in a single location is needed.

Additive manufacturing can be performed wherever the equipment locates just by providing digital file of 3D model of the

product. Therefore, the traditional transportation needs can be minimized, depending on the location of the equipment.

Nowadays, as additive manufacturing is becoming more widely used and possibilities of AM service providers are very likely

to found closer than the factory of the traditional product manufacturer.

This fourth strategy was highlighted in number of the review articles but no case studies was found with the principle search

terms. Still the writers feel that this option should be included in the framework. Especially since supply chain optimization is

also very much linked to the third actor category – repair and remanufacturing activities.  Garret (2014) lists in his work many

aspects how AM might produce significant benefits in supply chain and production chain optimization. These routes include

on demand production in batches of one without any additional retooling, designs can be moved around the world and

fabricated in the point of need.

System boundaries of the comparison between the additively manufactured product and baseline product have to be set in a

similar way for both. Namely, defining system boundaries is very product dependent. Therefore, it is challenging to set

universal guidelines for each of these actor branches identified in Figure 3. The system boundaries have to include the life

cycle stages where the difference between the AM and baseline practices occur. Difference refers to the difference in GHG

emissions during product life cycle. Life cycle stages which are same for both can be excluded, but this exclusion has to

reported.

4. Conclusions

A systematic approach for identifying greenhouse gas emission reduction possibilities by utilizing additive manufacturing is

presented and validated with literature review. Before year 2014 most of the found studies are energy and material use

inventory studies of different AM technologies. This naturally is the prerequisite for case studies of good quality which are

also referred to in this article. Majority of the case studies are of metal additive manufacturing. There remains a great need for

more case studies of different AM technologies in different use applications to fully estimate the potential of AM to make

manufacturing industry more sustainable.
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Abstract 

Although the relevance of sustainability is widely accepted, today´s markets are swarmed with unsustainable products. The 

underlying reason is the fact that industrial practice has not incorporated eco-design to a sufficient extent yet (Hübner, 2012). 

Among others, materials selection is a major factor of influence on the sustainability of products (Ashby, 2013). In practice, 

however, decisions on the selection of material are often made based on the product´s predecessor and the designer´s 

experience rather than well-founded analysis. Especially regarding the multi-material systems used in lightweight design, a 

methodical approach to materials selection has not been established yet. Commonly used product development processes 

(PDPs) lack adaption to the requirements and focus of specific design tasks. This is especially relevant to the consideration of 

sustainability aspects in early stages of product design (Baumann et al., 2002). 

There are a lot of different methodologies covering sustainability analysis and eco-design, yet they are not used in practice 

due to applicability issues. A cohesive methodology is needed to choose the right tools and to implement them in the PDP. 

This research aims at developing a suitable framework as well as feasible toolsets for sustainable materials selection in multi-

material systems. 

In this paper, tools for sustainability assessment are identified and analyzed regarding their scopes and resource requirements, 

within the area of conflict between the three design goals: functionality, cost efficiency and sustainability. Furthermore, three 

different process models for product development are analyzed regarding their efficiency and compatibility to a topology 

optimization. To provide an applicable PDP, the producer´s requirements and preferences need to be considered. Available 

resources need to be assigned according to the design goal preferences. By analyzing the individual profile of the three 

conflicting design goals, a suitable combination of methodologies and tools is identified. The preference profiles are 

determined by a pairwise comparison of key indicators representing these design goals. The relative focus is categorized in 

four levels: low, medium, high and maximum. For the design goal sustainability, toolsets for each focus level are elaborated 

and described. A generic PDP is developed; each module of the PDP is described and the interfaces to toolsets representing 

the design goals are defined. The structure of the PDP is adaptable to the preferences identified in the triangle of design 

objectives. Depending on the available resources as well as the relative focus on sustainability, appropriate toolsets can be 

selected. 

The suggested approach is applied on the design of a car door. A sub-system in the waist rail area is investigated in detail. For 

three different sets of preferences, materials selection in the early stage of the development process is conducted using the 

suggested methodology. By selecting different materials, the embodied energy of the generic steel part can be reduced by up 

to 76%. The paper also features preference-dependent rankings for the material options. 

In conclusion, the approach contributes a suitable methodology to integrate sustainability considerations into materials 

selection. Thus, the framework provides every enterprise with a promising fundament to efficiently establish purposive eco-

design. 

 

Keywords: eco-design, materials selection, sustainability, product development process, multi-material systems 

1. Introduction  

There are many ways to enhance the sustainability of a product. Among the defining factors, materials selection influences the 

product´s sustainability to a major extent (Nicholson et al., 2009). Apart from the properties of a material itself, its selection 

substantially affects every phase of the product´s life cycle. Thus, the impact of materials selection on manufacturing, 

transportation, use and recycling is highly relevant as well. Because influence on sustainability aspects is much too limited in 

later design stages, they need to be considered during early concept development (Baumann et al., 2002). This requirement 

demands efficient implementation of eco-design and materials selection into the product development process (PDP). 

The development of PDPs is one of the most abstract areas in design methodology. Many engineers and enterprises find 

themselves troubled to identify an efficient way towards a successful product (Deutz et al., 2013). They often resort to well-

known guidelines such as VDI 2221 (VDI 2221, 1993) in the hope of being able to apply the approach to their problem. In 

most cases, this results in an inefficient design process not geared towards the individual design goals for the product. 
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The same applies for materials selection, however even more severely. Engineers tend to innovate shape rather than material 

(Ehrlenspiel and Kiewert, 1990), oftentimes neglecting a methodical selection of material. Doing so hinders the realization of 

material innovation and thus prevents the product from implementing state of the art technology. Neglecting a systematic 

selection process is definitely not due to a lack of methods for materials selection. The matter has been researched for over 40 

years and useful methods are established, yet engineers still rely on experience to find the best-suited material. The lack of 

methodically implemented materials selection in the PDP is the reason for this waste of innovative potential. 

A rather new field of research is the implementation of sustainability aspects into the PDP and its consideration in materials 

selection. Since the idea of life cycle assessment (LCA) blossomed during the turn of the millennium, these eco-methodologies 

have been extended and refined. Assessing environmental consequences of a product after it is ready to be sold is developing 

into common practice. Integrating sustainability aspects into the early phases of product development, however, is not 

established in industrial practice at all (Deutz et al., 2013). There are approaches on developing eco-design tools and the 

importance of the subject of sustainability is widely accepted among researchers, but the matter has yet to find its way into the 

design process of companies. It simply seems too complicated for enterprises to tackle sustainability in early design stages, 

making it too inefficient to be economically viable. 

The aforementioned points are especially relevant in lightweight design because material innovation is a driving force in that 

area of research. Also, design tools such as topology optimization require adapting the PDP for enhanced efficiency. 

Furthermore, the complexity often involved in dealing with multiple different, perhaps even non-isotropic materials demands 

clear processes enabling the management of such complications. 

This paper aims to provide a PDP for materials selection geared towards the preferences and requirements of a designing 

enterprise. To create such a PDP, several points are addressed. Firstly, design process methodologies are explored and assessed. 

Methodologies for materials selection are evaluated. The concept of sustainability is to be defined and means to consider and 

assess degrees of sustainability are investigated. A method to identify and define preferences of enterprises is implemented. 

From these preferences, a suitable PDP is abstracted. Ways of implementing sustainability aspects into materials selection are 

explored. Based on the findings, tools to integrate sustainability consideration into the PDP are identified. The PDP is defined 

and described. Furthermore, a case study to illustrate the suggested procedure is conducted using an exemplary design of an 

automotive door. 

An overview of the suggested approach is shown in Figure 1: 

 

Figure 1. Suggested approach to a PDP for materials selection. 

2. Methods 

Defining the aim of a PDP, the underlying goals are essential to consider. Much like in Elkington´s model of a triple bottom 

line (3BL) for businesses (Elkington, 2004), a design has three dimensions of excellence. The design goals functionality, 

sustainability and profitability have been identified. Successful products satisfy each of the goals at least to some extent, thus 

the intersection of those goals is the target (see Figure 2). 
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Figure 2. Venn diagram of design goals with triangular intersection. 

Since every solution outside the intersection is not among the feasible options, only the target area is focused from this point 

on. In this area, every solution is a compromise between the three design goals. Therefore, a triangular modelling of the 

target area makes sense, each tip of the triangle representing the maximum focus on the respective goal.  

Each design task has an underlying link to requirements and preferences defining design goals. To reach the best solution 

possible, those preferences should not only be considered during trade-off decisions between the goals, but also when 

selecting the process model for the PDP as well as the most suitable tools. The focus can be understood as more or less 

intensive forms of design for X. 

To make the degrees of design for X tangible, the focus on each design goal is broken down into four levels. Then, tools for 

each design goal are assigned to the levels. The tools range from very basic to very detailed and time consuming. At the 

highest level, maximum focus on one design goal is allowed. The lowest level tools only ensure staying inside the target 

area, providing basic consideration with minimal effort. At the medium level, tools for a perfectly balanced compromise of 

focus between the design goals are targeted. High level tools should strive to get close to the effectiveness of the maximum 

level tools while using approximations and shortcuts to enhance efficiency. Importantly, this focus only determines the 

relative time dedicated to the design goals, not their performance. For example, a focus equally balanced between the three 

design objectives (1/3 focus on each) would result in equal dedication of time and effort among them. The performance is 

not tangible enough at this point, it will be evaluated and considered via trade-offs later in the process. 

By applying the levels of focus on the triangle of design goals, it is divided into triangular sub-areas (see Figure 3). As an 

intersection of the focus levels, the sub-areas mark preference sets of design goals. By defining tools for each level of focus 

for all three goals, a toolbox is generated. Selected by the position in the triangle of design goals, tools tailored for a certain 

range of focus preference are provided systematically. Via these toolsets and the restrictions and objectives from Ashby´s 

approach to materials selection, the design goals can be integrated into the PDP. 

 

Figure 3. Focus levels in the triangle of design goals for PDP-structure and tools selection. 
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To determine the preferences of a client, a standardized pairwise comparison of six aims per design goal is used. The results 

indicate the client´s “position” in the triangle as well as tangible targets of the design. The pairwise comparison is conducted 

via an excel tool. By calculating preference percentages, the tool localizes the client´s point of preference in the triangle of 

design goals. The percentage shares of the design goals also determine the allocation of time among them. This ensures 

enough time to conduct the targeted level of design goal focus. However, there is a certain minimum time required to use the 

tools of the identified toolset. This also implies a limit for the minimum amount of time the design process demands. 

Methodology selection 

To choose the most suitable design process model and materials selection methodology, assessment criteria are defined. 

Those criteria may be generally applicable or contain specific information dependent on the desired application. The 

methodologies are ranked by simple pairwise comparisons without weighting. If there is a clear best option, it will be 

selected and used. This is the case if an option is equally good or better than any other option regarding every criterion 

defined. Otherwise, conditions for the selection of options are defined. 

Design Process Models 

The process model must enable optimization of a design in a given timeframe while allowing the inclusion of changes along 

the development process. The models are rated using four criteria: Temporal plannability, parallelizability, optimizability 

and adaptability. The three most prevalent design process models are compared (see Table 1): The sequential model from 

VDI 2221 (VDI 2221, 1993), the V model from VDI 2206 (VDI 2206, 2004) and the Network model presented by 

Lindemann (Lindemann, 2009). Note that it is perfectly possible for each process model investigated to lead to the exact 

same practice. They mostly differ in their visualization and emphasize different aspects of the design process. 

Table 1. Ranking of design process models. 

 Sequential model 

(VDI 2221, 1993) 

V model 

(VDI 2206, 2004) 

Network model 

(Lindemann, 2009) 

Structure 

  
 

Plannability 1. 2. 3. 

Parallelizability 2. 1. 2. 

Optimizability 3. 2. 1. 

Adaptability 2. 3. 1. 

Total rank (3.) (2.) (1.) 

Plannability is an important criterion for process models to keep track of deadlines. Being able to deliver results in time is a 

major concern for most development processes. Therefore, the ability of a process model to aid the temporal definition of its 

modules is considered here. Also, inherent security mechanisms to ensure meeting deadlines are assessed. 

Another criterion is parallelizability. Since parallelization affects the time efficiency of a development process substantially, 

opportunities for parallelization should be considered when choosing a process model. 
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Optimizability refers to the ability of a process to find the best possible design option. This is greatly supported by iterative 

loops, optimizing the design step by step. Also, staying neutral towards possible solutions is factored in.  

Adaptability describes the ability to react to changes of requirements or sub-objectives. While a clear guideline helps 

designers to stay on course, it may inhibit adapting to new perspectives or requirements. In practice, oftentimes assumptions 

are made along the way towards the design goal. In later stages, those assumptions may need to be refined or corrected. That 

requires the process model to allow adapting the design. 

The sequential model excels concerning plannability. At heart, it features a clear sequential procedure which helps to guide 

the designer through the process. The sequencing does not promote parallelization at early stages because each stage builds 

on its preceding stage, however it is easily implementable in later stages of the procedure. VDI 2221 explicitly promotes an 

iterative procedure, yet the loops for optimization often require revisiting multiple stages. That makes iterative optimization 

rather inefficient. Updating the list of requirements on a regular basis does have advantages regarding adaptability.  

The V model matures with each macro-iteration. This benefits plannability because the amount of macro-iterations aspired 

can be defined in advance. It also opens opportunities for parallelization within the macro-cycles by splitting tasks during 

system design and synchronizing them during system integration. While the iterative loops always require a full macro 

cycle, optimization is supported by the freedom to focus on areas with the most potential. It is, however, also the reason the 

process is not very adaptable since changes can only be considered in between macro-iterations.  

The Network model is very flexible and dynamic. It does, however, have a drawback. While its free-flowing nature allows 

great adaptability and very short iterative loops, it limits the procedure´s plannability significantly. Parallelization is possible 

but may require additional effort for synchronization. The model allows focusing on the areas with the most potential for 

optimization. 

The selection of the most suitable PDP structure depends on the relative focus on the three design goals as well as the 

interactions between them. For this reason, the triangle of design goals is split into four areas here: A central area of 

compromise and three areas of strong focus on a main design goal (see Figure 4). Presumably, most sets of priorities will be 

positioned in the area of compromise. There, a quick shift between addressing the requirements and conflicting priorities is 

key. For a strong focus on sustainability or profitability, specialization on the respective design goal is the target. A special 

case is given for a strong focus on functionality: Due to incorporating multiple topology optimizations as tools for stronger 

functionality focus, enabling the synthesis of the overall system is the main objective there. 

 

Figure 4. Areas yielding different requirements for PDP structure selection. 

For a heavy focus on functionality, the V model from VDI 2206 is preferable. This is due to its natural fit for the synthesis of 

an overall system. After initially defining the system requirements, the overall function of the design is split into sub-

functions. The origins of the V model intended domain-specific design for the sub-functions that are later integrated to an 

overall system. Its approach to split the system design into sub-systems, optimizing them, and then integrating the sub-
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systems back into the overall system, supports the use of multiple topology optimizations. Each V-cycle naturally provides 

the basis for the next topology optimization, therefore the V model is especially suitable for a strong focus on functionality. 

Deeper focus on one of the other design objectives does not benefit from the V model as much. Instead, granting the tools 

for sustainability or profitability assessment more time benefits their accuracy accordingly. To achieve this concentration on 

a single design goal, the other design goals need to be accounted for at minimum effort and time. Therefore, the central aims 

of a PDP structure for a strong main focus are efficiency and plannability. A sequential PDP structure as suggested in 

VDI 2221 meets these requirements well. The milestones defined by the PDP structure further help guiding the designer 

through the process, providing feedback on the progress and aiding with schedule estimation. 

Finding a compromise between conflicting degrees of design goal focus demands another structure of the PDP. Being able to 

jump between the different tools for each design goal is a requirement difficult to meet. On the one hand, freedom is 

essential to switch between the optimization tools. On the other hand, a framework guiding the designer by providing 

options what to optimize next is helpful to master the complexity involved in such a process. Lindemann´s network model 

has a suitable structure. It provides the framework best suited to deal with conflicting design goals. Plannability is an issue, 

however criteria to stop the process can be defined to handle it. These may include a target degree of optimization or a 

maximum amount of time dedicated to a certain subject. 

Materials selection 

Approaches to materials selection from Illgner (Illgner, 1979), Grosch (Grosch, 1986), Ehrlenspiel and Kiewert (Ehrlenspiel 

and Kiewert, 1990) and Ashby (Ashby, 2007) are compared using four criteria of excellence: usability, flexibility, 

compatibility and iterability. Ashby´s methodology claims the first rank for each criterion discussed, thus it is chosen. 

Figure 5 illustrates the four core steps of Ashby´s strategy for materials selection: Translate design requirements, screen 

using constraints, rank using objective and seek supporting information (Ashby, 2007). 

 

Figure 5. Ashby´s approach to materials selection. 

In this work, Ashby´s approach is used and extended to consider client preferences and synergize with other design methods 

and tools. As inputs for the selection process, information from a standardized pairwise comparison is used to determine 

client preferences is called upon. The total amount of time dedicated to materials selection is specified beforehand. While the 

presented methodology strives to be applicable to a wide range of designs, it is oriented on lightweight structures. These are 

often rather complex, aiming to reduce weight by optimizing the load path. The utilization of topology optimization is 

assumed. The results are interpreted and modelled as idealized geometries to allow Ashby´s efficient approach to materials 

selection. A design consisting of several sub-structures is assumed as usual case. In the following, the elements of the PDP 

are discussed. 
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Set up list of requirements 

For a distinct structure, requirements need to be defined. In lightweight design, the load case is often the central requirement. 

All load cases the product needs to be able to endure during its lifetime, all other functions of the product and all conditions 

of use are defined in the list of requirements. The list of requirements is a common mainstay in PDPs and well established in 

mechanical engineering (VDI 2221, 1993). The explicit formulation of requirements is key to all subsequent modules 

because it provides essential information. This information is updated throughout the process, reacting to changes and 

maintaining validity. It is relevant not only for materials selection, but all areas of design. The same is true for the client´s 

preferences regarding the three design goals. These are identified and evaluated before setting up the list of requirements. 

Optimize Topology 

In this work, the product considered is a structure of some complexity. Topology optimization with a generic isotropic 

material is taken as a starting point of shape synthesis. Alternatively, an existing product can be used as foundation. 

Independent from its origin, the generated structure is the primal backbone of the product. From this generic shape, a 

simplified shape of a part of the structure is developed. This is necessary because a suitable shape is essential for the 

materials selection according to Ashby. Then, a distinct part of the product is selected for material synthesis. At this very 

point, parallelization is an option worth considering. There may also be options to bundle related geometry/load-case 

combinations for increased efficiency. 

The load-cases and peak stresses need to be examined carefully. The most potential for material optimization is in areas of 

explicit stress-cases because it allows the consideration of a wide range of material options. The generic, isotropic material 

from the simulation can potentially be substituted by directional, anisotropic materials. Therefore, it makes sense to start 

with the sub-structures featuring the clearest, most explicit stress-cases. The topology optimization is not only valuable for 

cross-section and shape synthesis, but also for identifying load-case scenarios and areas with the most potential for 

improvement by material substitution. Thus, it provides important input for the process of materials selection. 

For medium to higher levels of functionality focus, one or more iterative loops conducting more topology optimizations after 

identifying the most suitable material option could be considered. This may require a different form of topology optimization 

if anisotropic materials could be involved. 

Translate requirements 

The translation of requirements is the first module really incorporating materials selection. At this point, the information 

from topology optimization is converted into requirements towards material properties. The major input, however, is 

provided by the list of requirements. In line with the suggested approach to materials selection by Ashby, this information is 

transcribed into four categories: function, constraints, objectives and free variables. 

The function describes the purpose of the design. Strongly linked to the function is the geometry of the sub-structure. The 

topology optimization determines the part´s shape. To enable the comparison of as many material options as possible, the 

shape is idealized into a commonly viable form. This ideal extraction should preferably be close to the dimensions of the 

shape suggested by topology optimization to secure compatibility and relevant results. 

Objectives represent the design goals. They are expressed via a formula containing material properties. The objectives 

should be chosen with care because they define the product´s key characteristics. At least one objective needs to be chosen. 

The discussed tool for locating the preference point in the triangle of design objectives provides suggestions via pairwise 

comparison. Weight and cost are common examples for objectives. Choosing two objectives provides the opportunity to 

account for different design goals. Technically, any number of objectives can be defined. More objectives, however, require 

greater effort. 

Constraints are defined directly as material properties or by expressing them as formulae. Generally, they are formulated as 

direct and precise as possible. However, the interpretation of the listed requirements is not always compliant to direct 

expression. In those cases, auxiliary parameters may be necessary to describe the desired requirement. While defining the 

constraints, it is important not to specify them too narrowly. Viable options could be screened out in that event, requiring to 

jump back to this module later. Another problem can be the definition of too many constraints, effectively over-constraining 
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the design problem. In that case, there are no free parameters left for optimization. Most often, leaving a parameter (besides 

the choice of material) free provides valuable room for improvement. 

Screen via constraints 

Filtering the unfeasible options is done for one constraint after another to comprehend which candidates are dismissed and 

whether they are dismissed for the right reason. Later, the specification of constraints can be changed rapidly, allowing fast 

adaption of the selection process. 

Rank using multi-criteria optimization (MCO) 

Somewhat contrary to Ashby´s approach, the so-called “material indices” are not used in this process. Since most design 

problems feature conflicting objectives, MCO with the help of penalty functions is well-suited to identify the best options. 

The best X candidate materials are considered in further detail, where X can be any number between two and seven. The 

amount primarily depends on the time dedicated to the process. Moreover, the currently utilized material should be selected 

as reference in the case of a redesign. It is advisable to choose material options that differ from another (for example options 

from different material families). The X top candidates may change after iterative loops. 

Analyze focus design goals 

After the amount of candidate materials is narrowed down, more precise tools can be used. The toolsets of medium or higher 

focus levels are applied at this stage. Usually, the application of said tools leads to a more precise reformulation of the 

objective functions. For example, the application of an eco-design tool may result in modelling the expected CO2-emissions 

more precisely after identifying the dominant phases in the product´s life cycle. If a better reformulation of the objective is 

possible, the process may iterate back to translating the new-found requirements. If a general reformulation of the covered 

objective is impossible, only the top X candidates are considered. 

Ensure achieving target 

To back the decision, calculating or at least estimating the deviations caused by assumptions is recommended. This is true 

for every assumption made along the process, from idealizing the geometry over modelling the objectives to applying tools 

representing the design focus. To make sure the top candidates match the requirements, additional information is consulted. 

A good starting point to gather knowledge about the material is its datasheet, e.g. from material databases. However, it is 

advisable to compare specific offers from suppliers. Doing so secures that the information is up-to-date and dependable, 

“real life data” outclasses approximated data. The decision should be made based on the most dependable data available. 

Integration of sustainability considerations 

The ideal way of considering sustainability in materials selection, however, is treating the environmental properties of a 

material the same way as its mechanical properties. This would enable eco-design without LCA via direct consideration of 

target values. In practice, this means describing environmental impacts as restrictions or material indices. So far, this can 

only be done via estimation, using suitable indicator figures or modelling the impact with other properties included in the 

database used for materials selection. A suitable compromise between data precision and required resources (especially the 

time needed) is sought for each level of sustainability focus. 

In the following, tools for all four levels of sustainability focus are suggested. The tools proposed for different levels are 

stackable. That means while elaborating options at higher levels of focus, the designer might be inclined to facilitate tools 

suggested for lower levels to support the toolset. 

Low Level 

Efficiency is key here. All life cycle considerations involve a significant minimum effort of time. Every form of LCA, 

whether extremely simplified or not, exceeds the timeframe assigned for low levels of sustainability focus. Therefore, an 

alternative tool for taking sustainability concerns into account is needed. In the field of eco-design, diverse forms of 

checklists are suggested (Allione et al., 2012; Knight and Jenkins, 2009; Lindahl and Ekermann, 2013). Among those, the 

checklist for eco-design using the multi-criteria system suggested by Allione provides a well-suited structure. These tools 

provide a systematic guideline easy to follow. While checklists are certainly not accurate enough to support optimizing a 
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parameter, they still help to identify objectives and constraints. Furthermore, they can convey information on how to 

incorporate and quantify sustainability constraints. Thus, checklists are viable tools at this level. 

The checklist should cover the most important sustainability objectives. To ensure easy use and compatibility to the design 

process, Allione´s checklist is adapted. Also, it is split into a checklist applicable before the first ranking and one better used 

after most candidate materials have been screened out. Table 2 shows the combined checklist suggested as a tool for low-

level sustainability focus: 

Table 2. Suggested Checklist for low level of sustainability focus. 

Objective Relevant? Target option/value Required or 

desired? 

Embodied energy              □ yes 

             □ no 

         □ required 

        □ desired 

CO2 emissions              □ yes 

             □ no 

         □ required 

        □ desired 

Non-toxicity              □ yes 

             □ no 

         □ required 

        □ desired 

Renewability              □ yes 

             □ no 

         □ required 

        □ desired 

Recycling content              □ yes 

             □ no 

         □ required 

        □ desired 

Durability              □ yes 

             □ no 

         □ required 

        □ desired 

End of life              □ yes 

             □ no 

         □ required 

        □ desired 

Short distribution 

chain 

             □ yes 

             □ no 

         □ required 

        □ desired 

Supplier environ-

mental strategies 

             □ yes 

             □ no 

         □ required 

        □ desired 

 

Medium Level 

At medium level, a balance between time requirements and depth of data is targeted. The toolset must provide a fundament 

for making dependable decisions. Nevertheless, time is a very limiting factor regarding the selection of tools. A form of life 

cycle accounting is advisable to cover all relevant areas of sustainability, yet a traditional LCA is far too exhaustive and 

time-consuming. Furthermore, the expert knowledge needed to conduct a traditional LCA exceeds usual engineering 

education, leading to yet another time issue. The solution to this problem is the simplification of the established tool LCA. 

Ashby suggests a so-called Eco Audit to enable life cycle thinking in early development stages. He describes the approach as 

a methodical, very simplified form of LCA (Ashby et al., 2009). This tool fits the targeted scope for medium levels of 

sustainability focus. Additionally, the tool is very efficient since it uses the environmental data from the database also used 

for materials selection. 

The Eco Audit tool comprises only the embodied energy and the carbon footprint. That is because the embodied energy is 

not only very relevant for estimating environmental consequences but it is also by far the easiest eco-indicator to track. The 

carbon footprint is approximately related to it in a linear manner, thus it can be modelled with decent certainty as well. The 

speed of Eco Audits further qualifies them for this level. The limitation of only showing energy use and CO2 emissions is 

relevant, but not inhibiting its functionality as a rapid tool for estimating environmental impacts. 

High Level 

For a high level of sustainability focus, the impacts on the environment need to be allocated more precisely. Therefore, 

software able to use actual life cycle impact analysis (LCIA) methods is needed. As most widespread options, GaBi and 

SimaPro are the preferable software solutions for this task (Speck, 2014). While a higher degree of detail is essential, the 
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tool must be usable within a reasonable timeframe. Therefore, the detailed expert modelling functions of dedicated LCA 

software options are unsuitable. To make the required level of LCIA detail accessible, a generic model feasible for all 

options in the database for materials selection was developed. By modelling different material options as distinct scenarios, 

they are compared. Using the dedicated LCA software enables using impact assessment methodologies. This is a major 

advantage over Eco Audits and good reason to use another software package. As the most accessible source, databases of 

materials selection software can be used. This ensures a baseline of data quality to build upon, providing approximation of 

the carbon emissions and energy used. By adding energy sources and detailing the use phase, the analysis gains valuable 

precision. Depending on the amount of time and resources dedicated to data acquisition, data quality may be improved by 

consultation of other sources. 

Maximum Level 

At the maximum level, more breathing room for precise modelling of the life cycle is granted. Therefore, the candidate 

materials can be modelled individually. Because individual modelling takes a lot more time than filling in data into a pre-

constructed model, three or fewer options are considered. The main challenges at this point are predicting the life cycle of 

the product accurately and gathering the necessary data. 

3. Results and Discussion 

The suggested methodology is applied to an automotive door such as illustrated by Schmidt (Schmidt et al., 2017). The door 

is required to cope with different load cases. The load cases are the major inputs for topology optimization, influencing the 

synthesis of the door´s shape and sub-structures substantially. In the case study, only one sub-structure of the door is 

considered. Furthermore, a sub-structure with a dominant load case is selected to reduce the complexity of the process. 

Case Study 

In this case, a sub-structure in the waist rail area is selected (see Figure 6). The load case “static mirror torque”, calculated 

from the wind drag of the side mirror at maximum vehicle speed, induces the most stresses. The torque it creates leads to 

stresses by bending (see Figure 6). The second highest stress-inducing load case is “armrest abuse”. It induces stresses below 

30% of “static mirror torque” and does so in the same direction, thus the load type of bending is a safe assumption. This 

makes the sub-structure a stiffness-limited design with one dominant load-case. 

 

Figure 6. Investigated sub-structure in the waist rail area as illustrated by Schmidt (Schmidt et al., 2017). 
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The case study considers three different exemplary sets of preferences (see Figure 7). One case prioritizes sustainability, 

another prioritizes profitability, and a third case splits the preference evenly between them. For all three cases, the focus on 

functionality is assumed as basic. 

 

Figure 7. Preference assumptions for the exemplary case studies. 

The lowest level of functionality means that only a relatively simple isotropic topology optimization is used, increasing the 

efficiency of the process. The functionality will not be represented via an objective due to the low level of focus. For 

sustainability consideration, the described tools will be used. To reduce the example´s complexity, the profitability focus 

will be expressed by material cost only. The cases feature different sustainability objectives: Human toxicity measured in 

1,4-dichlorobenzene equivalents for case 1, energy use measured in mega joule for case 2 and none at all for case 3. As 

described previously, the process structure is adapted to the preferences as well. Table 3 provides an overview: 

Table 3. Three cases of the exemplary study. 

Sustainability focus High (case 1) Medium (case 2) Low (case 3) 

% sustainability 68% 42% 16% 

% profitability 16% 42% 68% 

% functionality 16% 16% 16% 

Process structure Sequential model Network model Sequential model 

Sustainability tool Simplified LCA Eco Audit Checklist 

Sustainability 

objective 

Human toxicity 

[kg1,4DCB-eq] 

Energy use 

[MJ] 

None 

Profitability objective Material cost [€] Material cost [€] Material cost [€] 

Trade-Off target 100 €/kg1,4DCB-eq 0,10 €/MJ none 
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Figure 8 visualizes the resulting trade-offs by plotting the sustainability objective against the profitability objective. 

Hypothetically, the chart´s origin represents the point of maximum utility. The best options are identified by moving the 

trade-off function towards the origin until it only intersects the outermost option. In case 3, the low focus on sustainability, 

the application of a single objective (material cost) is demonstrated. In this case, the ranking is trivial: The option featuring 

the lowest material cost is most preferable. 

 

Figure 8. Human Toxicity and Energy used plotted against material cost with Trade-Offs from Table 3. 

Table 4 shows the underlying data: 

Table 4. Resulting rankings and specifications of the options examined in the case studies. 

 Steel 

low-alloy 

CFRP 

resin-infused 

CFRP 

epoxy-prepreg 

CFRP 

cyanate-prepreg 

Aluminum 

wrought 

Ranking case 1 (4.) (3.) (2.) 1. 5. 

Ranking case 2 3. (1.) (2.) 4. 5. 

Ranking case 3 1. 3. 4. 5. 2. 

Weight 

[kg] 

3,11 

100% 

1,18 

38% 

0,98 

32% 

0,41 

13% 

3,80 

122% 

Material cost 

[€] 

1,99 

100% 

22,24 

1118% 

34,64 

1741% 

81,59 

4099% 

6,63 

333% 

Energy used 

[MJ] 

957,90 

100% 

659,37 

69% 

545,91 

57% 

226,92 

24% 

1562,40 

163% 

Human toxicity 

[kg 1,4DCB-eq] 

2,20 

100% 

1,94 

88% 

1,73 

79% 

0,80 

36% 

4,36 

198% 

Concerning data reliability of the energy use, Ashby remarks that differences under 20% should not be regarded as 

significant. Since the difference in energy use between resin infused CFRP and epoxy-prepreg CFRP in case 2 is below 20% 

(see Table 3), the decision between both options is not as clear as the ranking implies at first sight. In Table 3, this 

insignificance is indicated by brackets. The superiority of both over the third ranked option, however, is dependable. Similar 

insignificance is shown in case 1 between the 2nd to 4th ranked options. Compared to the top ranked option of case 1, 

however, a clear decision is possible. There is enough of a margin between the levels of utility to make the decision 

dependable, thus a clear decision can be made. 

  

0

0,5

1

1,5

2

2,5

3

3,5

4

4,5

5

0 20 40 60 80 100

H
u

m
an

 t
o

xi
ci

ty
 [

kg
 1

,4
D

C
B

-e
q

]

Material cost [€]

Steel

CFRP resin

CFRP prepreg

CFRP cyanate

Aluminum

TO

0

200

400

600

800

1000

1200

1400

1600

1800

2000

0 20 40 60 80 100

En
e

rg
y 

u
se

 [
M

J]
Material cost [€]

Steel

CFRP resin

CFRP prepreg

CFRP cyanate

Aluminum

Trade-Off

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

427



Figure 9 shows the three top-ranked options for the three cases considered. To represent each design goal, the commonly 

applied functionality objective weight is added. 

 

Figure 9. Comparison of the top candidates for each case study, normalized among the top choices. 

In this case study, the design objectives functionality (represented by weight) and sustainability (represented by energy use 

or human toxicity) conflict with the design objective profitability. The spectrum of specifications of the top candidate 

materials reflect the preferences applied in the three case studies. For each case, the material options providing the most 

utility was identified. 

4. Conclusions 

Starting from the idea of providing an adaptable product development process (PDP) suitable to be tailored to design 

preferences, several issues were addressed in this paper. By pairwise comparison, design processes models have been assessed 

and ranked according to their plannability, parallelizability, optimizability and adaptability. It has been concluded that the 

choice of design process methodology and its visualization is subject to the application. Approaches to materials selection 

have been assessed regarding their usability, flexibility, compatibility and iterability. Ashby´s approach has been identified as 

the best option for all cases. Tools and methodologies for life cycle assessment (LCA) and other eco-design tools have been 

analyzed. These findings have provided the fundament of methods and tools used in this work. 

On the basis of the triangle of design goals and an approach featuring the pairwise comparison of key indicators representing 

these design goals, a method to evaluate the design preferences of enterprises has been suggested. Using this system, areas 

representing focus levels in the triangle of design goals have been defined. Criteria for toolsets covering the focus levels 

adequately have been defined. For the design goal sustainability, toolsets for each focus level have been elaborated and 

described. A generic PDP has been developed; each module of the PDP and the interfaces to the design goal-representing 

toolsets have been described. The structure of the PDP has been defined depending on the preference position in the triangle 

of design objectives. The suggested approach has been applied on the design of an exemplary car door. A sub-structure in the 

waist rail area of the door has been investigated in detail. For three different sets of preferences, the materials selection in the 

early stage of the development process has been done using the suggested methodology. The results show different rankings 

for the material options, reflecting the preferences well. 

This paper provides the framework to a PDP for materials selection of lightweight multi-material structures. Additionally, it 

specifies the toolsets for different levels of focus on the design goal sustainability. Toolsets for the other two design goals, 

namely functionality and profitability, can be integrated into the framework straightforwardly.  
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Abstract  
A sustainable system is characterized, inter alia, by a much reduced use of inputs and by the reuse and recycling of material 
outputs (waste is considered a resource and resources have to be maximised within the system). Hence, a circular economy 
model that moves towards the closing loop also suggests a drastic reduction or elimination of waste and dissipative loss. The 
present paper focuses on an useful concept of waste and by-products within the agro industrial system, based on the 
perspective of circular economy. 
This approach can be achieved through efficient small and industrial scale bioenergy plants, biorefineries and 
environmentally friendly processes for the production of biomolecules to be employed as active principles in many sectors. 
In particular, the case study of this paper concerns the exploitation of an olive-oil by-product (wet-pomace) as a new source 
of energy and polyphenol compounds on an industrial scale.  
The paper aims to design a technical and economic model of a platform which produces bioactive compounds from the Olea 
by products, in particular from wet pomace, an olive-oil mill waste, which usually represent a disposal problem. By the 
application of the MFA methodology (Material Flow Analysis) to the production process, the authors provide a case study 
about the implementation of this kind of multifunctional platform in a region in southern Italy, where the cultivation of Olea 
europaea L. and the production of virgin olive oil are widespread. The regional level has been chosen, because the local 
approach allows for avoiding and/or reducing the economic and environmental cost of the waste transport.  
The recovery of chemicals and the production of energy should be a continuous process of interaction between high 
technology and environmental and economic sustainability, making this kind of platform highly innovative and consistent 
with the principles of the circular economy, as well as with the development of a new business. The results have highlighted 
that this platform can produce up to 6000 kg of enriched polyphenol fractions, generating an approximate income of over 
155,000 Euros; moreover, each residue of the process (water, olive stones, destoned pulp) comes into a new use in the same 
and/or external processes according to the circular economy. The conclusion underlines the main positive features of this 
sustainable model, in particular the eco-innovation of the process and the economic and environmental advantages consisting 
in reducing waste, water and energy consumption. 
 
Keywords: Circular Economy; Biorefinery; Agroindustrial Residues; Polyphenols; Olive oil mill waste 

1. Introduction 

A sustainable system is characterized, inter alia, by a much reduced use of inputs (both renewable and non-renewable) and 

by the reuse and recycling of material outputs (waste is considered a resource and resources have to be maximised within the 

system). Hence, this circular economy model that moves towards the closing loop also suggests a drastic reduction or 

elimination of waste and dissipative loss (Ayres, 1996; Ayres and Simonis, 1994; Stahel, 2016).  

In this perspective, a new concept of waste and by-products within the agroindustrial system could be appropriately 

developed, based on the agrifood chain and a lifestyle based on a "zero waste" model.  

This approach can be achieved through efficient small and industrial scale biorefineries (Garcia-Nunez et al., 2016), 

bioenergy plants and environmentally friendly processes for the production of biomolecules (polyphenols) to be employed as 

active principles in agronomy, cosmetics, food, feed and pharmaceutical applications (Brunelleschi et al., 2007). 

Polyphenols are compounds considered to be excellent antioxidants (Owen et al., 2000; EMA, 2017) and cancer prevention 

biocomponents (Owen et al., 2004; Pampaloni et al., 2014); furthermore they have antimicrobial properties (Medina et al., 

2013), hence polyphenols are used in dietary, pharmaceutical and cosmetic products. Among the polyphenols, 
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hydroxytyrosol has useful antioxidant properties and may become important in the search for ‘natural’ replacements for 

‘synthetic’ antioxidant food additives; in particular it could be employed to stabilize or enhance products, such as bakery 

products and meat (Tafesh et al., 2011; Romani et al., 2017).  

Globally, the polyphenols market has grown rapidly over recent years and it is expected to reach 900 million Euros by 2020 

(Hexa Research, 2015; Grand View Research, 2016). The three main geographical areas of consumption are Asia-Pacific, 

North America and Europe. As a consequence, an increasing production of these biomolecules can be forthcoming. 

In this direction the present paper aims to elaborate a technical and economic model of a platform which produces bioactive 

compounds from the Olea by products, in particular from wet pomace, an olive-oil mill waste, which usually represent a 

disposal problem. A sustainable extractive technology followed by membrane separation methods has been applied to the 

olive oil by-product in order to obtain different commercial extracts, which are useful for different applications. 

It is noteworthy because this plant is on industrial scale, instead of on laboratory or pilot scale trials (Garcia-Castello et al., 

2010; Cassano et al., 2013) that are the most widespread plant types of the recovery of bioactive molecules from different 

plant tissues in Europe.  

The industrial plant just aims at the development of a coherent industrial-scale production process, taking into account the 

quantities of raw material available on the local territory. Each membrane is modular and thus easily scalable for any size of 

production (Romani et al, 2017). It has to be underlined that it promotes a new agribusiness model, where regional actors 

(economic, social, environmental) use waste as a resource (Tello et al., 2016; Cardoen et al., 2015). Moreover, the planning 

of sustainable and profitable districts, based on the industrial symbiosis, is reported in the Action Plan on the Circular 

Economy developed by the European Commission in 2015 (European Commission, 2015) and in its revision of 14 March 

2017.  

In the light of these considerations, a case study of estimating the feasibility of this multifunctional platform in Apulia, a 

region in southern Italy, is provided. So, in order to evaluate the availability of the wet pomace supply, its potential in the 

regional territory was assessed.  

After the introduction, which summarises the aim and structure of the paper, the materials and methods section identifies 

material, energy and economics data of the production process described. The methodology of MFA (Material Flow 

Analysis) was applied to identify and quantify the material and energy flows of the production process. Results have 

highlighted that this platform can produce up to 6000 kg of enriched polyphenol fractions, and each residue of the process 

(water, olive stones, destoned pulp) comes into a new use in the same and/or external processes according to the circular 

economy concept. Finally an economic evaluation of the process was made. The feasibility of this plant in Apulia follows. 

Discussion shows the potentialities and the main drawbacks of this industrial platform; lastly, conclusion underlined the 

positive features of this sustainable model, in particular the eco-innovation of the process and the economic and 

environmental advantages consisting in reducing waste, water and energy consumption, demonstrating how the closing loop 

approach is also highly profitable.  

2. Material and methods 

The technical, economic and environmental evaluation of the platform requires a material and energy flow analysis of the 

production cycle. The methodology used is the MFA, which allows to evaluate the energy and material flows in an well 

identified system, that is the production process of the polyphenols from Olea, accounting the inputs (material and energy 

resources consumption) and the outputs (waste products) of the process (Brunner and Rechberger, 2004). 

Within this context, initially, a brief description of the production process was made and the input and output data identified 

(sub-section 2.2) and quantified (sub-section 3.1). Finally the evaluation of the availability of the wet pomace supply and its 
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potential in the regional territory was assessed in order to adequately plan the scale of platform, also according to the 

regional district level identified. 

2.1 Production process  

Data and methods concern the extraction of polyphenols from olive oil by-products based on new sustainable technologies, 

with a water extraction and membrane separation system. Previously, scientific reports considered the same procedure for 

olive-oil waste-water polyphenol purification at a laboratory scale (Garcia-Castello et al., 2010) (Cassano et al., 2013). This 

innovative industrial process instead has been used at an industrial level by using physical technologies 

(PCT/IT/2009/09425529 “Process for producing concentrated and refined active substances from tissues and by-products of 

Olea europaea with membrane technologies”) defined as BAT (Best Available Technology) and recognized by the EPA 
(Environmental Protection Agency) (Pizzichini et al., 2011; Romani et al., 2015; Romani et al., 2016a; Romani et al., 

2016b). 

The process is based on membrane technologies applied to aqueous extracts obtained in a pneumatic extractor and then 

purified by filtration. In particular, the process proposed comprises the following operations in sequence: 

a) the provision of a starting material consisting of wet pomace produced by two-phase oil extraction processes; 

b) electrical destoning of the pomace; 

c) acidifying the destoned pulps to a pH between 2.5 and 4 in order to favour the extraction of the bio-components and 

stabilize the chemical environmental conditions; 

d) extraction at room temperature, with an aqueous solvent, of active components from the matrix, using an electrical 

pneumatic extractor;  

e) treating of the liquid phase resulting from the previous operation with an integrated system of several filtration stages, in 

particular microfiltration (MF), ultrafiltration (UF), nanofiltration (NF) and reverse osmosis (RO). 

The membrane technology, characterised by different molecular weights with cut-off and filtration degrees is used to obtain 

concentrates enriched in polyphenol active principles. 

f) the last step is concentration under vacuum using a scraper evaporator series (C&G Depurazione Industriale company) 

provided with a heat pump (fuelled by olive-stones) in order to increase the concentration of the bioactive components of the 

materials (coming from MF or UF and RO) of commercial interest, and to obtain purified active principles belonging to 

different phenolic subclasses.  

The chromatographic, spectrophotometric and spectrometric (HPLC/DAD/ESI-MS) analyses were performed for each 

extract obtained from the industrial plant just to identify and quantify polyphenolic classes, highlighting a content of over 

90% of hydroxytyrosol and derivates among them.   

The products thus obtained can be marketed either as concentrated solutions and powders with a standardized content in 

polyphenols. In particular the liquid products are dried or spray-dried to obtain stable powders rich in antioxidants of 

biomedical interest. 

As a result, three commercial products are obtained through this process: a liquid fraction, a concentrate paste, and a powder 

(Fig.1), each with different hydroxytyrosol concentrations. 
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Fig. 1. Powder from olive pulp. 

 

2.2 Material and energy data  

2.2.1 Material inputs and main outputs 

In this paper the attention was focussed on the process to be carried out on the platform: from wet pomace to concentrate- 

enriched products. The first phase of the olive-oil production, from olives to oil and wet pomace has been only considered in 

the material data (as figure 2 shows) and it emerges that from the processed olives, by the use of two-phases system, the wet-

pomace can be extracted in the rate of 80% (Roig et al., 2006). The remaining share represents the olive oil (20%). As 

regards the process, from wet pomace to the main output, the yield is very low, equal to approximately 4.4%. The by-

products coming from the process include: demineralised water, obtained from RO, phase (e) and by condensation in the 

concentration phase (f); olive stones from the destoning of the wet pomace (phase b); destoned pulp from the phase (d). It 

must be noted that they are suitable for being used again. 

2.2.2 Energy inputs and outputs  

The energy consumption of the production cycle is concentrated in the main three phases of the process and it can be 

allocated as follows: 20.8% from the olive stones separation phase (b), 31.2% from the extraction phase (d) and 48% from 

the concentration phase (f). It must be noted that the last phase, which is the highest, is also the cheapest in both 

environmental and economic terms, due to the use of olive stones as the energy input. The Lower Heating Value (LHV) of 

olive stones is equal to about 20.5 MJ/kg (ECN, 2016). As regards the destoned pulp, its LHV is about 16 MJ/kg, however 

its energy use has not been considered in this paper. 

2.3 Economic data 

The capital cost of this platform is around 730,000 Euros, of which over 73% concerns the extraction plant. To this cost it 

could be added the one of biomass gasification plant in the range between 150,000 and 350,000 Euros, according to it is only 

heating plant or heat and power microgeneration plant. 

As regards the production costs of the main outputs  (including process, maintenance, personnel and distribution costs) they 

differ according to the form and content of hydroxytyrosol as follows: liquid fraction (concentration 3%) 11 €/kg, 

concentrate paste (concentration 5%) 14 €/kg and powder (concentration 10%) 16 €/kg. To the production costs would be 

added the ones of the wet-pomace supply which are variable and linked to the regional market (i.e. in Apulia they are 

0.015€/kg, which is the lowest in Italy). Since the olive-oil mills usually should pay to dispose of this residue, however they 

could prefer to deliver it free; so the cost of wet-pomace supply has not been included in our hypothesis.  
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The market prices of the enriched products strictly depend on their hydroxytyrosol content, rising as its concentration 

increases. They are as follows: liquid fraction (concentration 3%) 30€/kg, concentrate paste (concentration 5%) 50€/kg and 

powder (concentration 10%) 100€/kg. 

Finally, the market prices of the by-products, olive stones and destoned pulp, are about 0.18 €/kg and 0.12 €/kg respectively 

(Unaprol, 2018). 

 

Fig. 2. Flowchart of the process (kg). 

2.4  Case study. Input and output parameters for the estimate of the  olive-oil mill waste in Apulia 

In Apulia the cultivation of Olea europaea L. and the production of virgin olive oil are widespread: in particular, this region 

is the first producer of olive oil in Italy and consequently the first producer of the wet pomace, which has to be considered 

likewise waste of the olive oil production and main input for the enriched fractions production. Hence, a brief assessment of 

residual biomass potential from an olive-oil mill (in particular, wet pomace from two-phase extraction system1) in the Apulia 

region allows, as already mentioned, for gaining knowledge about the availability of the regional supply.  

In order to quantify an average amount of olive-oil mill waste available in Apulia per year, it is necessary to first assess the 

residues per crop (Olea) and region. A methodology based on a linear correlation among the main outputs per year (P), 

calculated according to statistical data, and the reproducibility factor of agro-industrial residues (R/P), was used as follows:         

 eq.  a) agro-industrial residues R per year  (t/y) = P(R/P)(1-WR/100).  

                                                           
1 The need to improve the oil quality while reducing the environmental impact of the waste has generated further studies on the possibility of 
modifying the widespread "three-phase" centrifugal extraction system so as to reduce the addition of process water. For the above reason the 
so-called "two-phase" extraction systems have been introduced, where no water is added to the decanter and the by-product obtained 
consists of one phase only, made up of a mixture of husks and waste-waters. This improvement, however, has no effect on the reduction of 
the environmental impact and fails to provide a total solution to the problem, consequently further research and experimental applications 
have been conducted aiming towards innovative solutions for the purification and disposal of these residues, such as membrane separation 
processes (e.g. ultrafiltration and reverse osmosis).  
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It must be pointed out that: P, the olive production, greatly affected by several factors, above all weather conditions and 

some diseases of the olive trees2, is an average value of five years (2011–2015) (ISTAT, 2016); R/P is the ratio between the 

residue and the production of the main output (wet pomace/olives), it is especially relevant and very variable depending on 

the type of crop, harvesting technique and olive oil production, and as well as on other factors (Paiano et al, 2016); WR 

represents the moisture content of the residue. Hence, the following parameters are identified: (P) 990,242 tons, (R/P) 0.84, 

(WR) 60 (Riva, Carrafù, 2013; Motola et al., 2009). 

However, it should be highlighted that the share of two-phase extraction processes, used in Apulia and here considered, is 

equal to about 50% of the total (Regione Puglia, 2012), so this rate has been considered in our estimate. As a consequence, P 

became 495,121 tons and will be considered as the parameter in the equation a), the results of which are illustrated in Sub-

section 3.3. 

3. Results and discussion 

3.1 Material and energy results 

The material balance of the process, illustrated in Table 1, is equal to a total of 73,200 kg as input and output, of which 2,940 

kg are the main outputs. It must be stressed that all residues found another use, according to the circular economy, as 

illustrated in the flowchart in Figure 2. In particular, 9,555 kg of demineralised water, obtained by condensation from the 

evaporator, is reused in the subsequent cycle, preferably for the preparation of the extraction bath; 13,200 kg of olive stones 

from the destoning are separated and used as energy input of the process for only about 8% and the remaining main part are  

sold as a fuel outside; 47,505 kg of destoned pulp was filtered: in our hypothesis, a part (20%) is reused in the process to be 

further refined or added to the extraction water, and the rest (80%) can be allocated and  sold outside as animal feed or input 

in the production of fertilizers or energy. 

As regards the main output (2,940 kg) it is divided among the following products: 80% (2,352 kg) liquid fraction 

(concentration 3%), 16.5% (485 kg) concentrate past (concentration 5%) and 3.5% (103 kg) powder (concentration 10%). 

They are commercially available and generally suitable to be sold to other stakeholders. 

The full scale plant could increase the production of these outputs twofold in a few years: hence, almost 6,000 kg of enriched 

polyphenol fractions will be produced yearly.  

Table 1. Material balance of the production cycle of enriched polyphenol products. 

Input                               kg Outputs                              kg 

Wet pomace                73,200 Enriched product         2,940 

 Residues: 

-Olive stones              13,200 

-Destoned pulp           47,505   

-Demineralised water    9,555  

Total                           73,200 Total                           73,200 

The energy consumption of the three main production phases is quantified as follows: the concentration phase only uses heat 

produced by the waste biomass of the process, olive stones, for about 8,876 MJ; the destoning phase and the extraction one  

use electricity respectively for 1,066 kWh (equal to 3836 MJ) and 1,600 kWh (equal to 5,761 MJ). Bearing in mind the 

conversion efficiency of 40% for electricity and 85% for thermal energy production, it is possible to calculate the total 

primary energy consumption for the process considered, which is almost 35,000 MJ. It must be pointed out that the use of 

                                                           
2 Over the last four years a particular disease caused by the bacterium Xylella fastidiosa has infected a great number olive trees of Apulia, in 
particular of the provinces of Brindisi and Lecce, often causing their death. 
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by-products enhances the energy efficiency of this process, as well as the economics: the total primary energy consumption 

indeed can be reduced of about 30%, if the energy consumption of the concentration phase, dealt with the use of olive 

stones, has been taken away.  

3.2 Economic results 

An economic estimate of the described production has been made, as you can see from Table 2. To the revenues illustrated 

have to be added ones coming from the share of destoned pulp sold in the agricultural, zootechnical and energy sectors 

(4,560 €) and from the olive stones sold as fuel in several sectors (2,284 €). They have been calculated according to the 

material data shown in Figure 2 and based on the market prices of these by-products indicated in sub-section 2.3. 

So the income amount to over 77,600 Euros and it can be increased to 155,200 Euros, if the production doubles, based on the 

potential full capacity of the plant which could be achieved in a few years, as already mentioned.  

It has to be underlined that a framework of financial and economic indices of the platform will be elaborated in a further 

analysis. 

Table 2. Economic estimate of the production process 

Enriched products   Production costs Revenues  

  kg €/kg Total €  €/kg Total €  

liquid 3% 2,352 11 25,872 30 70,560 

concentrate paste 5% 485 14 6,790 50 24,250 

powder 10% 103 16 1,648 100 10,300 

Total 2,940   34,310   105,110 

Furthermore, the savings of thermal energy and water, here not quantified, allow for further enhancement, in both 

environmental and economic terms. 

3.3 Case study. Potential production of the enriched products in Apulia  

On the basis of the parameters and by using the conversion equation a), illustrated in sub-section 2.4, it is possible to 

calculate the olive oil pomace per year and region, in particular in Apulia, which is about 420,850 tons as wet substance 

(w.s.) and almost 168,342 tons as dry substance (d.s.). These data concern the two-phase extraction method, but as 

aforementioned, there are other methods that can affect the quantity and quality of pomace produced.  

Taking into account the quantitative data of the process and the assessment of the wet-pomace supply in the Apulia region, 

we can calculate how many enriched products (almost 17,000 t per year) could be obtained if, in a simplified hypothesis, all 

the wet pomace coming from two phases extraction system, was to be used for these kinds of platforms. The yearly income 

could achieve roughly 450,000 euros. 

3.5 Discussion  

It must be noted how the continuous interaction between high technology and environmental and economic sustainability 

makes this kind of multifunctional platform highly innovative and consistent with the principles of the circular economy. 

Each residue of the process (water, olive stones, destoned pulp) would come into new use in the same and/or external 

processes, according to the "zero waste" model. As already mentioned, after the extraction of bioactive fractions, residues of 

olive oil mill can be used as animal feed, compost or other agricultural or agro industrial products and/or be exploited as 

energy sources (as Figure 2 shows). 

Bearing in mind that the olive cultivation and olive oil production are among the main economic activities of the region 

Apulia and that this platform is a sustainable example of a closed loop, it would be appropriate for these kinds of activities to 

be implemented in this territory in order to address numerous issues: reducing waste disposal, resource consumption, and 
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revitalising the rural areas with the start-up of new firms. Moreover, innovative production chains could focus not only on 

agroindustrial waste, but also on the Olea agricultural residues, according to the assessment of the residues in Apulia which 

have been estimated in the following figures: agricultural residues (leafy and bunch prunings, wood from uprooting) are 

approximately 695,000 t/y (dry substance, d.s.), or 1,200,000 t/y as wet substance (Ispra, 2010; Paiano and Lagioia, 2016). 

They are quantitatively remarkable, equal to over 37% of the Italian total, as well as the agro-industrial residues (e.g. the 

wet-pomace which is the feedstock used in this paper). These residues could be suitable for use in energy production, 

cogeneration and/or anaerobic digestion, depending on their characteristics, but mainly their lower heating value and 

moisture content. In particular, lignocellulosic residues from Olea, which have a high LHV of 18 GJ/t and an average energy 

potential for Apulia of  12,500 TJ/year, are suitable for the thermochemical process for heat and/or electricity generation, 

and, according to a more innovative production cycle, they could also be used to produce second-generation biofuels (Paiano 

et al., 2011). 

Another implementation could entail the gasification plant for producing syngas from the destoned pulp, and electricity 

through cogeneration (IGCC), in order to achieve the closing loop, supplying the electricity for the destoning and extraction 

phases, besides to sell the surplus of this energy. This further implementation, whose cost is mentioned in the paper, will be 

analysed in the next research.  

As a result, the start-up of sustainable and innovative activities could find the best dimension for growth in the regional or/ 

provincial districts according to the circular economy model (Hubeau et al., 2017). Furthermore, the local approach allows 

for avoiding and/or reducing the economic and environmental cost of waste transport.  

It must be highlighted how the use of the wet pomace as the input in a new production chain allow for addressing several 

problems, due to the chemical and physical characteristics of this residue, which make its disposal very difficult and 

extremely environmentally dangerous. It has a high moisture content (at least 60%), and that is why the mills for the 

extraction of residual olive oil from pomace will not use it, preferring the pomace from other extraction methods with a 

much lower moisture content. For the same reason, the thermal plants which use the exhausted pomace as fuel would dry it 

before the energy production, with a rise in costs. Moreover, the high moisture, oil and polyphenol content of the wet-

pomace make its scattering in the fields difficult. In particular, the polyphenols increase the antimicrobial activity and reduce 

the biodegradability of this residue. Therefore, the extraction of polyphenols, as here illustrated, also allows to reduce 

phytotoxicity of the wet-pomace so as to be used in the fields. 

In addition, the process repeatability must be taken into consideration, compatibly with the fact that the composition of a 

vegetable matrix in any case maintains a natural variability over time. Indeed, several matrices can be used in the same 

platform to produce the purified fractions having different active principle compositions with a high biological value. Such 

matrices comprise the olive tree pruning waste (e.g. leaves, twigs), solid or semisolid olive oil mill residues (e.g. wet pomace 

as in the paper) and other residual biomasses, e.g. from Cynara, the cultivation of which is widespread in the same region. 

This could be useful in overcoming the seasonality of some crops and/or agro-industrial products3, allowing for full 

operability of the platform throughout the year, also in order to increase the economic result.  

Further added value is given by the ecological and economical sustainability of the process that uses agro industrial waste as 

a raw material, and only water as a solvent. This is especially important if we consider that most of the industrial processes 

for obtaining purified extracts currently involve the use of solvents and chemicals.  

This has opened up interesting agronomic, environmental and economic opportunities due to the fact that Italy produces 

approximately three million tons of waste from the-olive-oil industry per year. It is noteworthy that the valorisation of these 

waste products can create a parallel market to that of the olive oil one. In this sense, virtuous olive oil mills which invest in 

innovation could transform waste into a very profitable resource. Nonetheless, one of the main issues, that constitute a 

                                                           
3 For example wet pomace is available from October to February, Cynara from February to June and others in different period.  
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drawback for developing the membrane technologies to large-scale applications, is just mainly due to the olive oil industry, 

which is often composed of little and dispersed factories, that cannot bear the high costs of extract production and the 

maintenance of industrial plants, even considering the savings, coming from the reduction of disposal costs of olive mill 

waste and other agroindustrial by-products. 

4. Conclusion 

The use of residual biomass as a source of bioactive compounds can also be considered a preliminary stage of a closed cycle 

for the production of energy from waste and exhausted raw materials, according to the circular economy concept. Indeed, the 

results suggest the possibility of implementing a multifunctional platform, from which the agro industrial chain and a 

lifestyle targeting a "zero waste" model could be suitably developed. In particular, the extraction of the new biomolecules 

from the olive-oil milling can be considered an integrated step of the circular economy process applied to olive processing.    

In addition, the use of water alone as a solvent makes the extraction and purification method described ecologically and 

economically sustainable, since the industrial processes are usually based on methods of purification via extraction with 

organic solvents. Moreover, the use of a by-product for obtaining differentiated and refined marketable fractions overcomes 

many of the ecological and economic problems associated with the disposal of production waste. 

Eco-innovation of the process, economic advantages with a reduction of waste, and water and energy consumption are the 

main positive features of this circular economy model. Market analyses have highlighted how polyphenols will be much 

more in demand, especially these types of products extracted by means of mild and sustainable processing from traceable 

natural sources. 

The optimisation of the productive process that uses sustainable technologies to obtain standardized and stabilized fractions 

with higher concentrations of biologically active molecules, will allow for gaining new and increasing market shares, since  

these biomolecules are suitable for innovative uses in many sectors, such as agronomy, textile/dyeing, cosmetics, foods and 

phytotherapy. In addition they all demand increasingly higher value added products, which also are environmentally 

friendly. In this sense it should be stressed that bioenergy, especially from residues, is expected to play a significant role in 

the medium term according to the Impact Assessment of the 2030 Climate and Energy Framework. In addition, it could 

provide a feasible option for economic growth and higher land productivity, particularly in rural areas, which have been left 

behind. Hence, planning the implementation of agro-energy districts in the Italian territory, in accordance with the size of the 

provincial or regional areas, as designed in this paper, could enhance the collection and transport phases, reducing the 

biomass costs and revitalising the rural areas as well. Many similar platforms could also be planned and located in the 

regional territory in order to address the issue of the disposal of these by-products as one of the most important 

agroindustrial productions, as well as developing many small and medium-sized integrated systems to convert agricultural 

activities into agro-energy districts based on a circular economy model. 

In this sense, it should be highlighted that systemic change and innovation have to be developed in technology, 

organisations, society, economic and financial methods, as well as policies involving all levels of governance (business, 

consumer organisations, non-governmental organisations, trade unions, research institutions and other stakeholders). The 

circular economy may thus create new markets responding to the shift in consumption patterns away from traditional 

ownership towards using, reusing and sharing products, and contributing to more and better employment. These changing 

social attitudes directed towards sustainable waste management are among the main reasons underlying the implementation 

of policies based on the circular economy model. 
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Abstract 
In 2014 Total Waste generated in the EU-28 by all economic activities and households amounted to 2495 million tonnes 
(mt), 491 mt of which composed of Construction and Demolition Waste (CDW) (Eurostat, 2017). From the perspective of 
circular economy, building rubbles and other urban waste should be transformed and reused for the production of second 
raw materials to obtain new building materials, reducing also the consumption of virgin raw material from quarries and the 
energy necessary for their transformation into intermediate products for construction. Aim of this work is to evaluate the 
environmental and economic sustainability to produce tile containing a high quantity of CDW and glass waste. Here we 
report the results obtained by the ECO TILES EU-Life project aimed at designing ecological grit-tiles (commercially known 
as terrazzo tiles). The project is a collaboration between the University of Camerino (Italy) and the Italian company 
Grandinetti Ltd. (GRA).  The terrazzo tiles are cement-based products traditionally made with limestone aggregate and 
powder, which in ECO TILES are substituted by glass and CDW for up to 70% of the components. The methods adopted for 
this research activity are the following: analysis of the components and evaluation of the ECO TILES products, full Life 
Cycle Assessment (LCA), questionnaires and interviews to determine the propensity of consumers to purchase recycled tiles, 
surveys on a sample of Italian companies producing terrazzo tiles and a case study of the production cost of ecological grits 
per square meter. The project demonstrated the possibility of manufacturing terrazzo tiles starting from second raw materials 
obtained by selected wastes capable of: 1) providing the same technical performance as conventional tiles; 2) improve the 
production chain from an environmental point of view, shown by the results of Full LCA proving that the environmental 
impact during their production is significantly lower than the traditional terrazzo tiles; 3) maintain economic sustainability 
for the enterprise and 4) meet market demand for ecological tiles. Consumers think that ECO TILES is an innovative way of 
recycling waste and are willing to pay an increased sale price than traditional grits. ECO TILES production method can 
reduce environmental impact and overall improvement of quality of life with production costs comparable to traditional tiles. 
The results stimulate the adoption of the virtuous circular economy policies in the construction sector: to favour consumer 
preferences over recycled products, to encourage companies to provide environmental quality assurance for the products and 
to certify the environmental traceability of raw materials used and production method adopted. 
 
Keywords: Ecological tiles, CDW recycle, Circular economy. 

1. Introduction  

The construction sector is the most resource intensive in the EU with its heavy impact on the environment. The construction 

sector produces waste and consumes soil for landfills. The lack of recycling waste materials to produce new materials 

consumes the geological resources, makes low use of virgin material potential and reduces product life cycle. Focusing on the 

use of secondary raw materials is as important as ever 

Consumers are targeting products manufactured in accordance with environmental friendly processes and sustainable natural 

raw and/or derivative materials. When selecting domestic interior flooring, consumers are increasingly oriented towards 

products that meet bio architectural standards, aesthetic quality, tile technical standards and the ability to trace the origins of 

the raw and derivative products used. 

Businesses are also interested in using “terrazzo,” ecological tiles for flooring in areas subject to elevated wear and aggressive 

chemical stress such as schools, railway stations, airports, hospitals, offices, shopping centres etc. as well as the need to adhere 

to the Green Public Procurement norms. 

Valentino Grandinetti, owner of Grandinetti, limited liability company which produces ecological terrazzo tile and partner in 

the research project LIFE EcoTile, reminds us that “Consumer interest in eco sustainable products is also increasing in the 

building trade. This is true not only in Italy but in Europe in general. Only recently, a Japanese customer ordered two thousand 

square metres of EcoTile Standard terrazzo tiles, with coloured base and transparent glaze. On the explicit request of the 

customer, "terrazzo tiles with glass aggregates" was written on the sales invoice for these tiles”. 
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Today the demand for ecological floorings is still limited. Consumers relate more readily to environmental sustainable 

processes when dealing with food products or ecological parquet flooring as they consider trees raw material produces. 

However, on the other hand in the case of ecological terrazzo tiles consumers find it less easy to trace the source of the raw 

materials and the reduction of energy needed to extract and manufacture the final product. Overall and in general, a building 

consists of several products and the environmental sustainability of just the tiles does not seem to convince the consumer of 

the improvement in internal air and environment quality that the consumer breathes. According to retail tile vendors over the 

next three to five years, the demand for ecological products is estimated to grow very slowly and is at risk according to current 

forecasts. 

EcoTiles ecological products together with other building sustainable items may be an attractive solution to contribute to and 

face the refuse handling processes in the construction sector along with the demolition of buildings to reduce consumption of 

raw virgin quarry products. At a first glance, EcoTile values the presence of urban and industrial green and/or blue glass 

recycling which contribute to environmental depth and colouring of top levels. 

A Single Layer EcoTile contains 77% of its weight as recycled glass granulated and powder. The Double Layer EcoTile adds 

a second layer to the bottom level which is composed of 35% cement and 75% construction and demolition waste CDW in the 

building sector (ceramic and brick work, construction and demolition waste) recycling derived materials. 

In fact, EcoTile began life as a traditional terrazzo tile. Known throughout the world under different names (terrazzo tiles, 

baldosa, etc.) terrazzo tile was one of the first flooring solutions created from the chips resulting from the marble/limestone 

industry, mixed with cement and coloured with pigments. Terrazzo was originally invented by Venetian construction workers 

around 1500, which started using waste marble from extraction activities as aggregate. 

Eco Tiles production process complies with tradition and is eco sustainable. The materials used, granulated materials were 

originally poor products. Energy consumption was limited for all operations. Recycling reduced the impact on the environment 

to meet Global Warming Potential (GWP), by 19% for single-layered tiles and 11% for double-layered tiles in comparison 

with traditional terrazzo tiles. 

Table 1. Generation of waste by waste category, tonne, 2014. 

European 
Union Italy 

Total Waste  TW 2 494 700 000 159 107 169 
Metal wastes, ferrous  75 130 000 15.3% 8 365 509 15.3%
Metal wastes, non-ferrous  8 730 000 1.8% 1 049 595 1.9%
Metal wastes, mixed ferrous and non-ferrous  13 230 000 2.7% 541 474 1.0%
Glass wastes  18 500 000 3.8% 2 731 525 5.0%
Plastic wastes  17 040 000 3.5% 3 342 544 6.1%
Wood wastes  50 280 000 10.2% 4 421 054 8.1%
Mineral waste from construction and demolition MW 308 470 000 62.8% 34 225 640 62.6%
Total Construction and Demolition Waste CDW TCDW 491 380 000 100.0% 54 677 341 100.0%
MW / TW  12.37% 21.51% 
CDW / TW  19.70% 34.37% 
Last update 26.10.17, Extracted on 23.02.18, Source of data Eurostat, UNIT Tonne, HAZARD Hazardous and non-hazardous - 
Total, NACE_R2 All NACE activities plus households, TIME 2014. 

In 2014 Total Waste generated in the EU-28 by all economic activities and households amounted to 2495 million tonnes (mt) 

(Table 1), 491 mt of which composed of Total Construction and Demolition Waste CDW  (Eurostat, 2017; EC, 2000). The 

percentage of Mineral waste from construction and demolition (MW) on Total Waste (TW) is 12.37%, whereas the percentage 

of CDW on TW is 19.70%. In 2014 Total Waste generated in Italy amounted to 159 mt, of which 55 mt as Total CDW. The 

percentage amount of MW on TW is 21.51%, instead the percentage of CDW on TW is 34.37%. As it might be expected, the 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

443



overall amount of waste generated can be related to some extent to the population and economic size of a country. In general, 

the smallest EU Member States generally reported the lowest levels of waste generation, the larger ones the highest. 

The share of different economic activities and of households in total waste generation in 2014 in the EU-28 is composed as 

follows: construction contributed 34.7 % of the total, followed by mining and quarrying (28.2 %), manufacturing (10.2 %), 

waste and water services (9.1 %) and households (8.3 %). The remaining 9.5 % was waste generated from other economic 

activities, mainly services (3.9 %) and energy (3.7 %) (Eurostat, 2017). A lot of the waste from mining and quarrying and 

from construction and demolition is classified as major mineral wastes (Eurostat, 2017), accounting for almost 2/3 (65.8% or 

3.2 tonnes per inhabitant) of the total waste generated in the EU-28 in 2014. The relative share of major mineral wastes in the 

total waste generated varies considerably between EU Member States, which may reflect, at least to some degree, different 

economic structures. In general, the EU Member States that had higher shares of major mineral wastes were those characterized 

as having sizeable mining and quarrying activities - such as Bulgaria (90.05%), Sweden (88.96%), Romania (88.29%) and 

Finland (85.72%) – and/or construction and demolition activities, such as Luxembourg (87.28%), Liechtenstein (92.48%) and 

Serbia (85.00%) (Eurostat, 2017). Major mineral wastes accounted for less than 1/5 of all waste generated in Croatia (17.75%), 

Portugal (15.58%), Norway (17.68%) and the Former Yugoslav Republic of Macedonia (5.42%) (Eurostat, 2017). Italy is in 

an intermediate position and shows a value of 32.31%. 

These data show that there is an urgent need for EU countries to start dealing in a more comprehensive manner towards ways 

to reduce the production of this waste but also to find new applications for its recycle. In fact, from the perspective of circular 

economy, building rubbles and other urban waste should be transformed and reused for the production of second raw materials 

to obtain new building materials, reducing also the consumption of virgin raw material from quarries and the energy necessary 

for their transformation into intermediate products for construction. 

In construction, circular economy involves reducing the demand for non-renewable virgin materials, limiting the production 

of waste and maximizing the value of recovered materials used. However, from the viewpoint of the environment as a whole, 

circularity needs to be examined across other systems, including energy, water, operational waste management, ecology, food, 

etc. 

The Circular Economy Package (CEP) increases the durability and recyclability of building components using building design 

improvements and pre-demolition and renovation waste audits (Wojciech 2017). CEP promotes the best practices throughout 

the Protocol and Pre-demolition/renovation audits. Construction and demolition waste (CDW) treating Recycling of CDW 

encouraged by a mandatory target - achievable target of 70% by 2020 for all member states (Waste Framework Directive 

WFD; EP 2008) - of sector actions of the CEP Action Plan and promoting the best practices in recycling of CDW. 

The Action Plan implementation will boost the EU’s competitiveness by protecting against resource scarcity and volatile 

prices, helping create new business opportunities through innovative and more efficient production methods (EC 2017a) and 

will save energy and prevent over-exploitation of finite resources. 

The Action Plan has been organized into five key areas of action (plastics, critical raw materials, food waste, biomass and bio-

based products and construction and demolition waste) and five priority sectors. Measures covering the whole life-cycle of 

products from production and consumption to waste management and the market for recovered secondary raw materials. 

As far as the climate is concerned the following efforts to encourage clean air in buildings have been implemented. 

Construction of new buildings or retrofitting buildings to render them more energy-efficient, rethink construction and 

demolition practices and to take into account broader resource efficiency aspects. The aim is to generate less construction and 

demolition waste and to facilitate materials recycling (Wojciech 2017). 

CDW has been identified by the EU Commission as a priority of the CEP Action Plan due to the huge amounts generated 

without excavation soil and the high potential for re-use and recycling embodied in these materials. Only 50% of CDW is 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

444



recycled today in the EU (Wojciech 2017). In the CEP Action Plan the recycling of material within the construction sector is 

encouraged. 

However, from the point of view of Fellner et al. (2017) it is unclear to what extent recycled materials can contribute to overall 

demand and whether circularity is realistic in this sector. Fellner et al. (2017) stated that the EU´s material stock is still 

increasing at a significant rate, indicating material inputs into the economy are much larger than outputs. For a circular 

economy this implies an inherent limitation for the substitution of primary raw material through secondary ones. 

CDW management underlines the lack of confidence in CDW quality (EC 2017b). This is a main hurdle for CDW management 

in the EU. Uncertainty about the quality and safety of secondary raw materials in comparison to virgin materials is a barrier 

to the development of markets for these types of materials. The CEP Action Plan (EC 2017a) is addressing this through the 

development of EU-wide quality standards for secondary raw materials and assessment of how chemical products and waste 

legislation can best work together. Moreover, a better knowledge and monitoring of CDW management actual practices needs 

to improve data/statistics collection and consistency with EUROSTAT (Wojciech 2017). 

Europe still lacks structured networks for the collection and re-use of CDW and manufacturing waste in a formal value chain 

(as is the case of glass or metal waste). 

The LIFE ECO TILES project promises full compliance with European directives and regulations to fully respond to the 

recommendation of art.1(55) to adhere to the sustainable use of resources and energy economy for construction works, their 

materials and components in Regulation No 305-2011 on the Marketing of Construction Products (Construction Products 

Regulation). The LIFE ECO TILES project meets the Energy Performance of Buildings Directive (COM 2008/780) whose 

main objective is to promote the cost-effective improvement of the overall energy performance of buildings, included 

embodied energy. LIFE ECO TILES is in line with WFD 2008/98/EC (EP 2008) adding value to CDW management in saving 

the natural resources, low material consumption, low transport costs, low emissions, low cost for landfills and preserving the 

environment and human health. LIFE ECO TILES aims to reduce extension of landfill area for CDW, reducing environmental  

impact derived e for this reasons satisfies quality and control measures of the EU Landfill  Directive (1999/31/EC), aiming at 

limiting the impact of toxic, hazardous waste and disposing it safely. 

LIFE ECO TILES aims to offer building productions that contribute to the reduction of refuse in building construction and 

demolition destined for landfills. In the Italian Region of the Marches and following an earthquake in 2016, the CDW 

dramatically increased and represented a notable environmental problem; this problem was highlighted and due in part to the 

minimal efforts to reuse this rubble.  

2. Materials and Methods 

2.1 Materials 

Three different typologies of ecological tiles were designed following precise dimensional and aesthetic parameters, and 

respecting the technical norms of the terrazzo tiles. More specifically, the “standard” ECO TILE correspond to a traditional 

plain terrazzo tile where, however, up to 77% of the mixing components are obtained from secondary raw materials (Figure 

1). The “extra ware” ECO TILES are designed to enhance the performance of the product in terms of resistance to abrasion, 

absorption, etc. by adding glass powder or ceramic waste to the mix, thus creating products for specific high traffic 

environments. The “design” ECO TILES are customizable in a wide range of colours and patterns in order to fit every 

consumer’s request, both aesthetically and architecturally. Each typology is available into several subtypes in order to take 

into consideration the quantity of waste aggregate included, the inclusion of different waste powders, a variety of design stiles. 

All the types are also available in both the single layer and double layer versions (Figure 2). 

The Single Layer tiles are made of just one layer, polished at the surface, composed of recycled glass fragments, cement, 

pigment and a powdered material (where marble and quartz powder can be substituted by ceramic or glass waste). The Double 
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Layer tile adds to the bottom a second layer composed of a mix of 25% cement and 75% grinded CDW. The Single Layer tile 

is thinner, lighter and it is more suitable for the preparation of the “design” tiles. Double Layer tiles are heavier and sturdier, 

a perfect fit for the “extra ware” type and for high traffic environments. 

Some demonstrative samples were produced in order to survey customers and stakeholders appreciation for this novel tile 

product. The survey lead to a general positive response on the ECO TILES demo products and interesting remarks which 

helped to improve the demo production towards approaching the industrial phase. 

 

Figure 1. Calculation of raw material usage in a single-layer ECO TILES ecological tile and a traditional terrazzo tile. 

 

 

 

 

Figure 2. On the left, a Single Layer tile containing up to 77 % of recycled secondary raw materials and, right, a Double 
Layer tile that adds at the bottom a second layer composed of a mix of 25% cement and 75% grinded CDW. 

 

2.2. Life Cycle Assessment (LCA) 

A full LCA analysis has been carried out on the ECO TILES products. As the Life Cycle Assessment must evaluate potential 

environmental impact of technological systems, it must take into account environmental impact of main sources consumed in 
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production phases, as well as the by products and wastes that are main outputs of the production process phases. For these 

reasons it generally starts with the compilation of relevant environmental changes during the life cycle of a product which 

have any impacting (negative) effect on environment and human health. One of main parameter to describe the environmental 

impacts is referred as the Global Warming Potential (GWP) measured as kgCO2eq emitted by a process, which it is estimated 

and calculated for all the exchanges with environment. The environmental impact of process exchange is expressed in terms 

of kilograms of CO2 that would cause similar impact in atmosphere. 

The leading standards used for performing LCA analysis are ISO 14040 and 14044.  In particular, ISO 14040 outlines the 

general principles and framework, while ISO 14044 provides requirements and guidelines. The CCalC software tool used to 

perform the LCA in this research allows for the model being built to follow the ISO standards closely (Goedkoop et al., 2010). 

The CCalC software, a specific tool developed by University of Manchester reviewed with the collaboration of several 

industries, is based on two databases for material and energy inventories, the specifically developed CCalC database and the 

Ecoinvent database. The two databases tabulate a detailed inventory of system inputs and outputs, determining the impact of 

each of these on the environment using an impact assessment method made available to the analyst. 

The ECO TILES LCA study took in consideration the environmental impacts of all the phases going from the raw material 

supplying to the realization and disposal of end-of-life tiles for both traditional and ecological terrazzo tile. The traditional 

process was analysed from quarry operation, related to the production of marble, to realisation of terrazzo tiles and final 

disposal. For example, the ECO TILES process starts from the operations needed to make urban waste glass and CDW suitable 

for reuse, and then considers all the steps needed to create the final ECO TILES product. Particular attention was given to the 

transportation phase of the components from the vendors to the tile producing company, which accounts for a large part of the 

GWP values.  For this analysis the usage phase was not taken into account since there is no difference in application between 

the traditional tiles and the ECO TILES final products. 

However, the end of life phase is also a central point of the analysis, since in the traditional process the post-consumer tiles 

are landfilled, while the ECO TILES technology will be based on the recycling of construction & demolition waste, thus 

representing the main innovation and one of the most environmentally-friendly aspects of the project. 

 

2.3 Market and economic analysis 

Market analysis scenario was inferred by analysing the demand and the supply of the ECO TILES products. A survey about 

the demand by general consumers of conventional and ecological tiles was conducted using two main channels: evaluation 

questionnaires and face-to-face interviews with leading Italian experts/retailers in the field of high quality decorative materials.  

A series of questionnaires were redacted and distributed by the ECO TILES team, in 2016-17, in order to evaluate the interest 

in new ecological grit production. A total of six different versions of the questionnaire were prepared: three versions 

corresponding to different target economic subjects (residential private customers, distributors and architects) were designed, 

each available in Italian and in English. The distinction of the targets was crucial in order to have an overview of the economic 

subjects involved in the commercial phases of tile life: the distributor or tile retailer, the architect or tile aesthetic evaluator 

and consumer consultant, the customer or tile end-user. 

In order to understand and thus foresee at least partially the trends of ecological-tiles market demand on consumers’ attitude 

towards traditional and ecological cement-tile, complementary to the questionnaires, interviews were carried out, using a list 

of structured questions, to four leading Italian retailers in the field of grit and high quality decorative materials. The retailers 

were prone to the introduction in the market of ecologically-sound products. To correctly merge and compare the information 

collected during the interviews and the data gathered with the questionnaires, the questions in the interviews followed the same 

pattern of topics as the questionnaires. However, during the interviews additional issues that were not considered by the 

questionnaires emerged, which added useful information to the survey. 
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The objective of the analysis consists in the illustration of the main characteristics of a sector that is characterized by the 

heterogeneity of the companies and the difficulty of the collection of the specific statistical economic data. No actual 

commercial classification regarding terrazzo tiles firms exists. The closest market macro-category, to which terrazzo tiles are 

included, is the Hard Flooring category (HFC). Italy and Spain contribute respectively for the 41% and 34% to the whole 

European natural and agglomerated stones market (GPP, 2011). These data outline the relevance of the Italian stone tile 

production in the European market, but hardly defines the share volume and variety of the Italian terrazzo-tile production. To 

overcome these difficulties, we analyzed a representative sample of companies producing cement-based HFC materials in 

Italy. Fourteen companies were selected following the advice of experts in the field of indoor flooring. The data, relative to 

the period 2014-2016, were retrieved on October 2016 from CCIAA, the Italian institution that keeps updated the National 

Companies Register made mandatory and established since 1993. 

To verify the economic sustainability of ECO TILES production, production cost for 1 m2 of ecological tile has been calculated. 

The analysis approach consists in attributing market prices to the production factors used, variable costs and fixed costs. 

Sometimes, due to the lack of accurate data on the physical quantities of the factor used and/or accounting data, some values 

have been estimated based on the manufacturer's experience. The data collection was conducted by the authors primarily at 

the Grandinetti Srl headquarters during targeted visits. These visits had also the purpose of checking, along with the 

manufacturer, the correctness of the collected data and the economic sustainability of the mid-term and final results in view of 

the production cost analysis. The production cost analysis results refer to 1 m2 of ECO TILES in 2016. The analysis was 

conducted on the following production phases: a) artefact production and mixing; b) curing (20 days); c) polishing and 

packaging; and d) commercial and administration activities. 

3. Results and Discussion 

In order to  verify if the technical performances and aesthetical appeal of ECO TILES products are comparable, or even 

improved  compared to traditional terrazzo tiles, two batches of demo tiles were produced and tested according to the UNI EN 

13748-1, the norms commonly used for traditional terrazzo tiles. The first batch of demo products were tested indoor at the 

production factory of Grandinetti Srl and a preliminary screening of the following technical parameters was performed: a) 

geometrical requirements, b) surface characteristics and appearance, c) absorption capacity. The results of the internal testing 

allowed to 1) discard the demo tiles which did not meet the geometrical requirements of the UNI standards, 2) avoid the use 

of the secondary raw materials that did not suit the production chain, 3) discard patterns and colour matchings which revealed 

to be aesthetically not suitable for the market.  

Additionally the first batch of demo tiles was used as sample to survey the aesthetical appeal of the items and the consumer’s 

attitude toward eco-friendly flooring products (Figure 3). The interviewed people stress out and appreciated the importance of 

an eco-friendly approach on tile production and the relevance of this industrial innovation on tile market landscape. They also 

generally appreciated the look of the tiles while stressing out the importance of providing a wider range of motifs and colour, 

i.e. an increased customization of the product, in order to get a better appeal to the market. The preference for the “design” 

variety resides in the inner potential of changing colours, grain sizes, motifs and patterns. 

The results allowed to proceed to a tuning of the production, taking into account the following parameters: technical 

adjustments regarding the tile size, aggregate type and grain size, powder type and grain size, cement quantity and type, use 

of pigments, use of CDW. For example, tile made of CDW required several trials, before reaching the final version, i.e. the 

inclusion of CDW in the lower layer of the double layer tiles. In fact, the high compositional heterogeneity of CDW required 

a strict control of the grain size in order to obtain a suitable product. 

The second batch is composed by the demo tiles that passed all the indoor technical tests and aesthetical evaluations, thus the 

most suitable to undergo to the industrial production. For this reason this batch was tested again by an external specialized 

certification centre the University of Bologna Ceramic Centre. The performed tests were a) shape tolerance control, b) water 
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absorption, c) thermal conductivity, d) mechanical strength and d) slip resistance. The tests revealed that the ECO TILES 

parameters are in line with the UNI EN 13748-1 requirements and comparable with the mechanical tests performed on 

traditional tiles by the company. 

 

 

Figure 3. ECO TILES "Fiasco" model. 

The results of the LCA analysis on ECO TILES showed that the innovative manufacturing techniques and raw material 

replacement with recycled glass and CDW allows to reduce the global warming potential (GWP) by 19% for single-layered 

tiles and 11% for double-layered tiles in comparison with traditional terrazzo tiles. These results acquire even a higher value 

considering that the tiles production by the Grandinetti company (both traditional and ECOTILES) makes use of the innovative 

technique such as the “microcamere-curing”. This manufacturing process has recently developed and patented by the 

Grandinetti Company, allowing to drastically reducing the energy consumption associated to the curing process. The 

innovative system allows the cementitious mixes to “cure” without using additional steaming but allowing its natural hardening 

cycle (approx. 20 days). As a matter of fact, the company has patented a dedicated partitioned aluminium tray (“microcamere–

curing”) on which the terrazzo tiles are deposited after the press. The tray is designed to allow the creation of a sealed chamber 

once the trays are piled up one on top of the other. This way, the tile is left to cure using its own humidity and heat. This allows 

the cement mix to dry without risk of excessive shrinking due to fast drying, thus obtaining a final product of very high quality. 

This system allows to avoid completely (100%) the energy required in the drying step, thus reducing consistently the overall 

energy consumption (roughly 20% of the entire production process) as well as the time required for the curing process, with 

benefits for the producer.  

While these results are encouraging, there is still margin to improve in future iteration of the production. For instance  the 

ECO TILES project team is currently working on a local network of supplier in order to reduce CO2 emissions due to 

transportation of the  materials used, which is a factor highly influencing both the economic and environmental impact of the 

tile production. Additionally, recent publications by this research group (e.g. Perugini et al., 2014) already explored the 

possibility to: i) save up to 55% of clinker Portland and CO2 emission in cement production, with equal mechanical 

performance at 28 days of maturation; ii) produce cements with good durability, high leaching and sulphate resistance, thanks 

to the pozzolanic activity of fine grinded ceramic waste.  

According to retailers, market demand for traditional cement-tiles is however modest: from a minimum of 5-10% to a 

maximum of 20% of the entire tile market, which in Italy is dominated by ceramic tiles. The geographic areas with an higher 
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demand in Italy are the metropolitan areas of the largest cities, like Milan and Rome. However, cement based tiles are also in 

demand in non-urban/rural areas where old housings flooring are made of terrazzo tiles. In this context,  the restoring of old 

buildings and towns represent a market where the demand is growing with time, and the interest for terrazzo tiles is increasing 

for the applications in the bio-architecture and the need to satisfy the Green Public Procurement (GPP). 

The demand market area for the cement-tiles depends mostly on the proximity to the retailer and the selling price. Mostly, the 

consumers who decide to buy cement tiles are located in the same region of the retailer. Surprising,  consumers purchasing 

cement-tiles for their vacation homes, such as in Apulia, or on the Lazio coast, in Tuscany and in Veneto, are mainly non-

Italian European citizens: this high interest is certainly related to the high number of foreign people buying and restoring old 

country houses, as a phenomenon wide-spread in many small towns.  A lower selling price coupled with the high quality of 

the product encourages tile purchase by Italian and non-Italian customers even outside the retailer's region.     

According to the results of the questionnaires and the point of view of retailers, the main buying factors of traditional terrazzo 

tiles are, in descending order of importance, their aesthetic quality, level of the commercial promotion, the price, the 

competition of replacement products and the level of technical performance (high resistance over time). For consumers aware 

of the importance of protecting the environment, the environmentally-sustainable production method and the use of natural 

materials are considered a plus in favour of the ECO TILES.  

In general, the price of cement based tiles, compared to that of ceramic tiles, is greater, especially for decorated ones. However, 

consumers seems not to worry about the high cost associated to the purchase of cement-based tiles,  because they perceive this 

product as an investment and not as a luxury commodity, especially if the customer receives an adequate explanation of the 

value of the materials used in the mix and the characteristics of the production techniques. Consumers are willing, in fact, to 

spend more for a product with high durability, because the purchase of cement-tiles is regarded as una tantum expense in the 

family life, thanks to the possibility of renovating the look of the tiles by polishing the surface, as happens for most of the 

flooring placed 100-200 years old buildings. According to the consumers, the terrazzo tile possible replacement products, on 

the high-price side, are granite, marble, parquet and azulejos tiles, whereas the low price substitute products are glazed gres 

and marble-resin compounds containing also recycled material. To date, there are no substitutes to cement-based tiles in the 

market. According to the retailers, among the no-cement-based products, we can mention some total/partial ecological 

solutions suitable for paving, like: 1) glazed stoneware composed of up to 40% of high-performance glass (Polis Ceramiche 

Relux ™, 2018); 2) wood floorings made up of refurbished wood and 3) hemp and lime conglomerates. 

The results of the questionnaires and interviews confirm that the idea of the ecological product is very appreciated. From a 

technical point of view, the majority of consumers expects from an ecological product a quality higher than that of the 

traditional products, as well as a sturdier and more resistant product. From an aesthetic point of view, the respondents of the 

questionnaires and the retailers interviewed found the prototypes of the ECO TILES attractive and trendy. Finally, from the 

point of view of environmental sustainability, respondents to the questionnaires said they appreciated the positive effects on 

the environment resulting from the adoption of the ecological production method. However, there is a widespread difficulty 

by the consumers to perceive easily the environmentally sustainable process leading to the production of an ecological tile: 

i.e. low-energy production technique, alternative sources of raw materials such as recycled glass and materials obtained from 

waste and/or demolition of buildings. As a matter of fact, consumers are more prone to perceive the concept of organic food 

or ecological parquet, because they understand crops and trees as eco-friendly raw material sources.  This suggests that there 

is a need to educate the consumer to processes and materials related to the building materials to favour a better penetration in 

the market. 

For the same purchase price, the consumers clearly stated their willingness to buy ecological tiles over a traditional tile. 

Moreover, in the case of a price increase of the ECO TILES compared to the traditional one, 63% of the interviewed consumers 

are willing to pay from 7.6% to 16.7% more for an ecological tile. Resellers suggest a higher price increase interval, from 10% 
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to 25%. However, these consumers claim that the product is accompanied by a certification/insurance on the second raw 

materials used.   

The analysis of the Italian compartment of the terrazzo tiles has shown that half of the companies involved are "industry 

leaders", characterized by quality production and openness to the foreign market. A third of the companies, on the other hand, 

are characterised by the sale of lower prices products and by the marked export vocation (quantity strategy). Finally, the 

residual part of the companies highlights the production of "marble-resin-epoxy agglomerates" for the production of flooring 

and slabs.   

According to the data reported by the companies of the sample to CCIAA, the primary production item is represented by grit-

tiles for flooring (tiles) and covering or industrial applications (73% of the total), thus confirming the high level of 

specialization of the Italian firms in grit-tiles production. The secondary production item is "Other products and services", 

such as: furnishings, agglomerates, complements, cement, marble, marble-cement. This second product is tied to the first for 

the materials it employs.  

The Italian companies involved in the terrazzo tiles production are rather small, having an average number of workers per 

sampled company of 12.86.    

The firms quantity production and turnover amount was estimated based on the number of the company workers, using the 

following assumption: average production m2 1,600 per worker per year; average turnover € 60,000 per worker per year. In 

the period 2014-2016, the total average production per year of the companies of the sample amounts to m2 238,933.33 for a 

turnover of € 8.960,000.00. The quantity of tiles produced on average per year per company amounts to m2 20,587.33 for a 

turnover per company of just under € 800,000. The most productive company contributes for the 22.4% of the total supply. 

The first four companies by production account for a cumulative 65.8% of the total supply. Their geographical locations, in 

order of importance, are the provinces of Verona, Ancona, Rome and Modena. 

The result of the cost production analysis is useful to estimate a company's ability to succeed in the market with a novel 

ecological product. The production cost analysis is referred to a square meter (1 m2) of “standard” ECO TILES tile with size 

20x20x1.2 cm, polished on the surface, white colour as background with green glass granulate. Weights is 37.5 kg for 1 m2 of 

tile. Thickness before polishing is 1.5 cm. The annual production quantity ranges from a minimum of m2 15,000 to a maximum 

of m2 25,000. The maximum value represents also the maximum production capacity of the plant that can be achieved if 

justified by a similar market demand.  The total effective net production of tiles offered on the market is m2 16,000 per year. 

The level of processing waste (or swarf) has been estimated  to about 20% of the total production. Transport and shipping cost 

are not included, therefore tile transport costs are charged to the customer.  

The total production ECO TILES cost has been evaluated as € 31.01 per m2. The cost items in common to all the operative 

phases are the following: raw materials (primary or recycled), energy, labour, equipment and buildings capital (maintenance 

and depreciation), monetary capital payed in advance and loan interests and taxes. The cost of the mixing and molding phase 

(first production phase) amounts to € 12.60. The consumption of raw materials (mirror glass, cement and water) constitute the 

44.76% of the costs for this phase. Labour cost affects 8.17% of the total costs in the mixing and molding phase, thus indicating 

the high capital investment needed for this operational phase. The cost for administrative and sales activities (third production 

phase) amounts at € 11.21, while labour costs account for the 48.26% (€ 5.41), of which less than a third is used for sales. 

Polishing and packaging phase accounts for € 6.90. The curing phase (second production phase) only for € 0.30. 

According to retailers, the average forecasted sales price of ECO TILES is € 45.00, with a minimum price of € 30.00 and 

maximum of € 60.00. According to the manufacture, presumably the average price of an ECO TILES polished tile will reach 

€ 50.00 per m2. These prices are not significantly different from those of conventional polished plain tile already in production, 

according to the manufacturer's point of view. ECO TILES sale price is instead considerably lower than a hand-made decorated 

terrazzo tile, which average sale price may reach up to € 165.00. The difference between the average forecasted sales price 
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sets for the market (€ 45.00) and the total production cost (€ 31.01) is positive. At the time of this study, the ecological tile is 

not yet available on the market and prices therefore are not listed yet.  

It is important to take into account the existence of possible market risks of relevant entity. From a technical point of view, the 

production of ECO TILES may run out of secondary (recycled) raw materials for the desired quantity and quality. For example, 

the manufacturer of the case study is forced to supply glass fragments from an extra-region supplier. The little demand for 

secondary raw materials with a high degree of purity can be a relevant difficulty. 

From the market point of view, the sale price of ECO TILES may deviate from the one extracted from this analysis. Now, 

market demand may still be poor due to the persistency of the economic crisis. The company would still be able to cover the 

variable costs and a large part of the fixed costs and would allow it to withstand for a period of time pending a recovery of the 

market even if the selling price falls to a minimum value of € 30.00 per m2. 

4. Conclusions 

The valuable features of the results obtained for the ECO TILES production are: reduced environmental impact, innovative 

way of recycling waste, appreciated tile design and consumers interested to ecological products. 

From an environmental point of view, the improvement derived from adopting an ECO TILES approach in the production of 

terrazzo tiles are clear. Most of the aspects are related to the use of recycled waste materials as replacement of mined raw 

material, coupled with innovative production processes adopted, at the moment exclusively, by the Grandinetti company.  An 

ECO TILES tile can contain up to 77% of recycled materials for a Single layer tile and 76% for a Double layer and LCA 

results show that the combined use  of these two innovations contributes to a reduction in emission of kg CO2 equivalents of 

19% for a Single Layer tile and 11% for a Double Layer tile if compared to a traditional terrazzo tile. Additionally, for each 

m2 of ECO TILES produced 28.5 kg of waste materials (including glass, ceramic and CWD) are recycled (considering that 1 

m2 of tile weights 37.5 kg and that thickness before polishing is 1.5 cm). Hypothetically, if the entire annual tile supply of the 

Grandinetti company (m2 20.000) is converted into ECO TILES the quantity of recycled waste material would  amount to 570 

tons. If this good practice of producing tiles using waste material is adopted in every tile producing companies considered (m2 

238.933.33) the waste reduction and recycling may reach up to about 6.810 tons, a small but relevant quantity of waste recycled 

by producing only a reduced quantity of CO2 in the process and thus, generally speaking, contributing to improve the life 

quality of EU citizens. 

The results of ECO TILES support, therefore, the adoption of the following virtuous circular economy policies in the 

construction sector: 1) to favour consumer preferences over recycled products; 2) to encourage companies to provide 

environmental quality certification assurance for the products used and 3) to certify the environmental traceability of items to 

be identified as an eco-friendly product (raw, secondary material and products). Incentive actions to steer consumer preference 

for recycled products are widespread, see building regulations, regulations and notices issued by Italian Municipalities, 

Provinces and Regions (Legambiente, 2016). In this sense, for example, it is encouraging the recent approval of the Marche 

Region (Italy) of the "Technical-legal document, aimed at the reuse of Recycled Aggregates" for the construction of public 

works or of public interest or private reconstruction to maximize the use of substances that coming from the recovery of non-

hazardous inert waste (Regione Marche, 2017). The Deliberation identifies the basic technical-normative references for the 

recovery of the "recycled aggregates" produced by the collection, selection and sorting cycle, and the start-up of the recovery 

and treatment of the rubble produced by the 2016 seismic crisis which struck a large area in Central Italy. The use of a minimum 

percentage of materials (15%) coming from waste recovery/recycling is required and a system of incentives and rewards for 

the use of higher percentage is established, creating the basis for wider diffusion of environmentally-friendly building 

materials, like ECO TILES. 
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Abstract 
In order to decrease the costs of land clearing of the invasive plant species Hedychium gardenerianum 
(kahili ginger) at the Azores, we conducted a study to use the plant waste materials to produce briquettes, 
packages, paper, disposable drinking systems, plates, and cutlery. After the construction and testing  of  
these prototypes, we aimed to estimate the quantity of raw material produced by these plants per square 
metre and per year in three places under different locations (mean annual temperature: 10ºC, 14ºC, 17ºC; 
annual mean rainfall: 2700 mm, 2000 mm, 1200 mm; mean slope: 50º, 30º, 10º). With that purpose, a set 
of six plots of 1 m2 were and will be monitored for a two years’ period in three different places at São  Miguel 
Island. 18 plots were tested; from 9 plots we estimate the total fresh weight (including the rhizomes); from 
the remain 9 plots, the aerial plant parts were cut off and their posterior development from the rhizomes 
measured by non-destructive methods, to estimate the time between two cuts of raw material. Regardless of 
plot’s geographic setting and weather conditions, the total fresh weight, the stem dry weight, and the leaves 
dry weight per m2  are not statistically different. The calculated masses per   area were: total fresh weight, 
23.000 kg/m2; stem dry weight, 0.676 kg/m2; and leaves dry weight, 0.102 kg/m2. Ten months after stems’ 
cutting, the number of stems increased significantly from 15 to 20 plants/m2 and the average plant length 
reached 91% of the total mean length of the stems before cutting (1.29 m). 

 
Keywords: Hedychium gardenerianum, Kahili ginger, Fresh weight, Dry weight, Islands 

 
1. Introduction 

About 75% of the spontaneous vascular plant species and subspecies occurring in the Azores, are 

intentional or accidental introductions related with human activities and dominate most landscapes 

(Trota and Pereira, 2015). Among the introduced plant species, some have become invasive ones, with a 

strong negative impact on natural areas, forestry, and agriculture. Hedychium gardenerianum (kahili 

ginger) is a species of the ginger family Zingiberaceae native to the eastern Himalayas (CABI, 2018) 

(Figure 1). This species was introduced as ornamental in several oceanic archipelagos becoming 

naturalized in Reunion Island, New Zealand, Hawaii, Madeira Island and all the Azorean islands 

(CABI, 2018). Kahili ginger was first introduced in São Miguel island at ‘Santa Anna’ garden in the 19th 

century (Canto, 1856) but in less than a century it became a dominant species capable to completely 

replace the native vegetation (Palhinha et al., 1942). Today, this species is one of the worst invasive 

species in the archipelago of the Azores and a major threat to local biodiversity (SIARAM, 2018) and it 

is present from sea level up to 1000 m (Silva, 2001). Many efforts were already done at the archipelago 

to control this 
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pest (Governo dos Açores, 2018), but the eradication of kahili ginger can be so costly and difficult that 

turns out to be impossible to be accomplished. 

Kahili ginger is a perennial herb with leafy shoots, up to 2,4 m tall, and large branching surface rhizomes 

that may form dense mats up to 1 m thick. Leaves are alternate,  ovate-elliptic,  (20-60 cm long and 8-18  cm 

wide) with short-acuminate apex and bright green color. Inflorescences are erect, cylindrical,  25-40  cm 

long, with bright yellow scented flowers presenting long red stamens (6 cm long). The fruiting spike 

produces 1.5-2 cm long fleshy orange capsules containing small shiny  red seeds included in a crimson     

aril (CABI, 2018; Dias et al., 2017) 

In some islands during periods of grass shortage kahili ginger is sometimes used as cattle food, however 

it is a poor forage with low nutritional value, low digestibility and low voluntary intake therefore, they 

do not satisfy the ruminant’s needs, in spite of that recently, several studies have been carried out on the 

nutritive valorisation of this plant (Dias et al., 2017). Fresh kahili ginger leaves are also locally used to 

wrap fresh cheese. In other studies, kahili ginger plants were used in the search of molecules with 

biological activity in their essential oils (Arruda et al. 2012). 

Land clearing produces large amounts of kahili ginger waste material which is now being tested as a 

source of raw material. At the Azores, this species represents a useless yet abundant natural resource 

that as the potential to be explored as a raw material for industrial and scientific usage. Several 

prototypes of briquettes, paper, disposable drinking systems, plates, and cutlery have been produced by 

the Portuguese ‘Agência 1001 Serviços’ enterprise (IGA, 2018) while other studies intend to extract fibers 

and cellulose from kahili ginger stems to create paper, or even plates and cups (Figure 1) (Eleutério et al. 

2017). This plant as also ample possibilities for being used in composites. The fibers of this species are 

a great example of how we can use this plant. Using their fibers as the structural reinforcement of eco 

composites thus creating new sustainable products in areas such as construction, automobile industry, 

and architecture. (Eleutério et al. 2017) 

Each year of kahili ginger increases the rhizome mass, producing one to four leafy stems and eventually 

a flower spike while older corms remain as storage organs (Cordeiro and Silva, 2003), but no information 

is available about kahili ginger biomass production per unit of area and per unit of time, or how is 

biomass production affected by temperature, rainfall or land slope. This information is important to 

understand what is the best application for this resource knowing the amount of raw material produced 

yearly we can look for the best product or work to follow.   

Therefore, this work aims to obtain a preliminary set of data with interest to waste industry, as the 

quantity of raw material that a square meter can produce per year. In order to achieve this objective, we 

set 18 plots of 1m2 in three sites representative of many invaded areas and these areas to have different 

slopes and mean values of annual temperature and rainfall. 

 

 

A B C D 

 
Figure 1. A. Fruitheads of kahili ginger at the Azores. B. A prototype of kahili ginger paper by Agência 

1001 Serviços. C. A prototype of kahili ginger disposable plates and cups by Agência 1001 Serviços. D. 

Stem kahili ginger fibers. 
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2. Methods 

In March 2017, eighteen plots of 1 m2 were set with wood sticks and rope in three different places at São 

Miguel Island, being them Fajã de Cima; Ribeira Grande, and Nordeste (table 1). In each plot the 

number of plants was counted, the stem length of each one measured and their fresh and dry weight 

registered with a scale. Plants were dried in a dry heat oven until their weight remained constant. In 9 

plots (3 for each location), the rhizomes were also removed, cleaned and weighed with a scale. In the 9 

plots were the rhizomes were not removed, the plants’ regeneration was and will be monitored until 

2019; in this paper, we will present the number of plants and their length, 10 months after the cuts. 

The Levene test was used to test the homoscedasticity of the variables: a number of plants/m2, stem 

length, stem and leaves fresh weight, stem and leaves dry weight and total fresh weight. When 

homoscedasticity was encountered, means were statistically compared using the one-way analysis of 

variance in this case when the null hypothesis was rejected, the Tukey multiple comparison test was 

used. Homoscedasticity was not verifiable only to the variable ‘stem dry weight’ in this case means were 

statistically compared using the Kruskal-Wallis test for non-parametric analysis of variance. To 

compare the variables number of plants and stem length before cutting and after cutting we used the 

paired Samples t-test. All the tests were performed with the IBM SPSS Statistics 24 program. 

 

 
Table 1. Plots’ geographic setting and weather conditions plots at São Miguel Island (Azores) 

 
Location Fajã de Cima Ribeira Grande Nordeste 

Number of Plots (1m2) 6 6 6 

Annual mean 

temperature 

17 ºC 14ºC 10ºC 

Annual mean rainfall 1200 mm 2000 mm 2700 mm 

 
Mean slope 

 
10º 

 
30º 

 
50º 

 
 
 

3. Results and Discussion 

From the analysis of table 2, we conclude that biomass production (dry and fresh weight) were not 

statistically different in plots with different slopes under different weather conditions. This means that 

those range of values for temperature, rainfall, and slope are inside the interval of optimal 

environmental conditions for their development. The calculated masses per area were: mean total fresh 

weight, 23,800 kg/m2; mean stem dry weight, 0,676 kg/m2; and mean leaves dry weight, 0,102 kg/m2.  

 
 

Table 2. Direct and indirect measures of kahili ginger biomass. Data collected in March 2017 at São Miguel 

Island. Mean values ± standard deviations. In each line, groups that showed significant differences (𝑃 <    

0.05) are indicated with different letters. 

 

Location Fajã de Cima Ribeira Grande Nordeste Total Mean 

Number of plots 6 6 6  

Number of plants/m2 15,667 ± 3,724 (a) 14,667 ± 3,933 (a) 14,833 ± 3,869 (a) 15,056 ± 3,638 

Stem length (cm) 131,638 ± 4,334 116,747 ± 5,653 (b) 138,973 ± 8,706 129,119 ± 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

456



 (a)  (a) 11,303 

Stem fresh weight 

(kg/m2) 

6,565 ± 0,867 (a) 6,627 ± 1,152 (a) 6,998 ± 1,655 (a) 6,730 ± 1,207 

Leaves fresh weight 

(kg/m2) 

1,692 ± 0,203 (a) 1,642 ± 0,292 (a) 1,658 ± 0,447 (a) 1,664 ± 0,310 

Stem dry weight (kg/m2) 0,726 ± 0,298 (a) 0,645 ± 0,079 (a) 0,659 ± 0,199 (a) 0,676 ± 0,197 

Leaves dry weight 

(kg/m2) 

0,094 ± 0,015 (a) 0,101 ± 0,017 (a) 0,110 ± 0,031 (a) 0,102 ± 0,021 

Number of plots 3 3 3  

Total fresh weight 

(kg/m2) 

23,940 ± 4,543 (a) 21,483 ± 5,743 (a) 25,857 ± 4,540 (a) 23,760 ± 

4,708 

 
 

Regarding plant regeneration, from the table 3, we can conclude that ten months after stems cutting (From 

March to January), the total number of stems significantly increased from 15 to 20 plants/m2 but the mean 

length of the stems has not yet equalized the value before cutting.  Nevertheless, the mean plant length 

reached 91% of the total mean length of the stems before cutting; and it is expected to attain the same length 

12 months after the cuts. 

 

 
Table 3. Plant regeneration from rhizomes 10 months after the cut. Mean values ± standard deviations. In 

each line, groups that showed significant differences (𝑃 < 0.05) are indicated with different letters. 

 

Location Number Number of plants/m2 Stem length (cm) 

 of plots before cut after cut  before cut after cut 

Fajã de Cima 3 15,7 ± 3,7 (a) 20,3 ± 1,2 

(a) 

 131,6 ± 4,3 (a) 114,9 ± 3,0 (a) 

Ribeira 

Grande 

3 14,70 ± 3,9 

(a) 

19,3 ± 2,1 

(b) 

 116.7 ± 5,7 (b) 122,3 ± 4,3 (a) 

Nordeste 3 14,8 ± 3,9 (a) 21,3 ± 0,9 

(a) 

 139,0 ± 8,7 (a) 120,3 ± 3,3 

(b) 

Total 9 15,1 ± 3,5 (a) 20,3 ± 1,7 

(b) 

 129,1 ± 11,0 

(a) 

119,2 ± 4,7 

(b) 

 

 
4. Conclusions 

In spite this study will continue until 2019, our preliminary results indicate that we can expect similar 

yields in areas with different characteristics of the slope, temperature and rainfalls increasing for that 

reason the areas suitable to exploration. For the ones exploring the leafy stems, the vegetative growth 

will allow one cut per year and the weight of leafy stems to be transported to waste industry will be 

around 8,394 kg/m2. For the ones exploring the rhizomes, the weight of rhizomes to be transported to 

waste 
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industry will be 15,366 kg/m2. Finally, the yield of dry matter is 0.676 kg/m2 to the stems and 0.102 kg/m2 

to the leaves.  
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Abstract 
 
Tourism-related activities greatly contribute to environmental degradation and, at the same time, represent one of the most 
vulnerable industries, considering that these activities are based on the availability of natural ecosystems in good condition 
and accessible to tourists. Circular Economy (CE) is considered an efficient way to overcome critical environmental impacts 
and natural resources scarcity in different sectors. It aims to overcome the take-make-dispose linear pattern of production 
and consumption, proposing a circular system in which the value of products, materials, and resources is maintained in the 
economy as long as possible. However, the application of the concept in the tourism sector is still unexplored and more 
efforts should be done to understand the potentialities of Circular Tourism. To implement CE principles, the Italian 
government has proposed the development of Ecologically Equipped Productive Area (EEPA). EEPA is a business cluster, in 
which firms share the objective of environmental sustainability. The present study tries to figure out how to apply CE 
concepts and practices in the tourism sector and to illustrate a project aiming at defining a EEPA in a tourist cluster. The 
research objective is to identify CE principles and business models applicable in the tourism sector, with a specific focus on 
the EEPA development.  
 
Keywords: Circular Economy, Circular Tourism, Sustainable Tourism, Ecologically Equipped Productive Area (EEPA), Eco-
industrial park.  

1. Introduction  

Tourism is one of the sectors responsible for environmental degradation and, at the same time, one of its biggest victims. 

Many of the tourist activities are based on the availability of natural ecosystems in good condition and accessible to 

tourists(Hall, 2001). This aspect is particularly critical when considering coastal tourism (Bruzzi, Boragno, Serrano-Bernardo, 

Verità, & Rosúa-Campos, 2011). In fact, if on the one hand the quality of the natural environment is one of its main attraction 

factors, on the other coastal tourism has a strong environmental impact because it insists on eco-system areas often very 

sensitive to human activities (Hall, 2001). In addition, often the coastal tourism is subjected to seasonality that contributes 

to increase the need to find proper management options to reduce its environmental impact (Rebollo & Baidal, 2009).  

Considering the strong growth of the sector, it is necessary to develop strategies to mitigate its environmental impact. In 

recent years, voluntary tools have been developed to improve the environmental management of coastal tourist areas, such 

as the Blue Flag, EMAS (Eco-Management and Audit Scheme)(Merli, Preziosi, & Massa, 2014), EU Ecolabel and the 

Legambiente Turismo Ecolabel (Chen & Bau, 2016; Marin, Palmisani, Ivaldi, Dursi, & Fabiano, 2009; United Nations 

Environment Programme, 2009). From a social point of view, the goal is to transform tourism into an opportunity to enhance 

and develop local crafts and cultures, strengthen the vitality of the local community, improve tourist facilities and local 

awareness of economic value of its cultural and environmental heritage, in order to encourage residents to safeguard it 

(Bramwell & Lane, 2008). Also at the EU policy level, the sustainable development of coastal tourism is having a growing 

importance. The European Parliament's report on Blue Growth (European Commission, 2017) recommended a series of 

actions to boost the sector and support the development of sustainable tourism in coastal destinations. In the following year, 

a Communication of the European Commission entitled “A European Strategy for more Growth and Jobs in Coastal and 

Maritime Tourism” (European Commission, 2014) identified the need to strength the sustainability of coastal destinations, 

with a specific policy action aimed to “Promote strategies on waste prevention, management and marine litter to support 

sustainable coastal and maritime tourism”. Recently, Circular Economy (CE) has emerged as a guideline and an operating 

strategy for the implementation of sustainable development objectives (Merli, Preziosi, & Acampora, 2018). Even if in a 

development state, its principles may be suitable to be implemented in the tourism industry that could benefit both from 
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industrial symbiosis practices and sharing economy practices (Manniche, Larsen, Broegaard, & Holland, 2017). As touristic 

areas are composed by a multitude of supply chain actors of small dimensions, it is crucial to develop a strategy that can 

coordinate them to boost actions to mitigate their environmental impact. A greater coordination and cooperation among 

these actors would increase the efficacy and would reduce the monetary effort that single operators should sustain in the 

implementation of sustainable development-oriented actions. The efficacy of setting a common strategy to reduce the 

environmental impact and reduce costs has been widely documented by scholars through industrial symbiosis experiences 

(Chertow, 2000; Zhao, Zhao, & Guo, 2017). Some studies have also highlighted how a territorial cooperative approach in the 

environmental management of tourism areas can be effective, allowing the obtainment of several benefits (Battaglia, M., 

Daddi, T., & Rizzi, 2012; Hill & Gale, 2009). In Italy, these experiences have been fostered through the implementation of 

Ecologically Equipped Productive Area (EEPA) (Daddi, Tessitore, & Testa, 2015; Tessitore, Daddi, & Iraldo, 2015). Additionally, 

touristic areas are well-suited to develop sharing and performance economy practices, as part of a Circular Tourism strategy 

(Zhang & Tian, 2014a). However, little research has explored how to implement circular principles in touristic areas. The 

paper presents the first steps of a pilot project that aims at the implementation of circular tourism principles into an Italian 

coastal tourism destination, employing as a starting point the Italian experience provided by the EEPAs. 

Next sections provide an overview of the application of circular economy practices to the Italian EEPAs and define boundaries 

and objectives of the Circular Tourism strategy. Next, material, methods and aims of the pilot project are presented. Then, 

in the Results and Discussion Section, the context, main objectives and potential outcome of the project are exposed. Finally, 

some conclusions are drawn. 

2. The Ecologically Equipped Productive Area (EEPA) 

The concept of EEPA was introduced for the first time in Italy in 1998 and in force with the decree 112/98 in the Italian 

national law. The EEPA are known in Italian as APEAs (Daddi, Iraldo, Frey, Gallo, & Gianfrate, 2016). The EEPA model is strictly 

linked to the concept of Eco-Industrial Park (EIP) (Daddi et al., 2015). In the Lazio Region law the EEPA is defined as: ”an area 

destined to industrial, craft, commercial and agricultural production, also in mixed form (public and private), characterized 

by integrated management of infrastructures, centralized services and resources aimed at guaranteeing the environmental 

and economic sustainability of local development and at increasing the competitiveness of the established companies” 

(Regione Lazio, 2015). The EEPA can be conceptualized as a sustainable approach to production, aiming at reducing 

companies environmental impact and increase their competitiveness. The Italian legislation believes that it is up to the 

individual regions the task of regulating the EEPA discipline, but establishes some basic reference elements: 

- the EEPA is endued by infrastructures and systems necessary to guarantee the right to good health, safety and 

environmental protection; 

- they are characterized by forms of unified management of infrastructures and services;  

- production facilities located within are exempt from the acquisition of permits that cover the use of the services therein 

(Gallo, 2013). 

The definition of an EIP (APEA) in Italian legislation differs from those of other countries. However, some similarities exist 

between EIP and EEPA, like the possibility of integrated and shared environmental services and infrastructure and the 

collaboration between public and private entities (Daddi et al., 2015). 

3. Circular tourism 

The circular economy aims at creating a virtuous circle that produces goods and services without wasting the limited 

resources of the planet as raw materials, water and energy, minimizing the production of waste (Macarthur, 2013). In the 

same way, circular tourism proposes a model in which every tourism actor (traveler, guest, tour operator and supplier) 
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adopts an eco-compatible approach. Opting for circular tourism allows travelers to take a responsible approach at all stages 

of their stay, from preparation for travel to local experience (Zhang & Tian, 2014b). The steps to follow the circular tourism 

approach are: 1. Exploit the sustainable tourism opportunities offered by tourism agencies 2. Offer more sustainable tourism 

services 3. Choice of the most environmentally friendly transport option 4. Responsible management of selected services: 

use of local food products, crafts and eco-sustainable measures adopted 5. Waste management, energy and water 

conservation, etc. 6. Feedback between tourists and / or professionals to improve the sustainable tourist offer 7. 

Development of Sharing and Performance Economy (Green Ideas for Tourism, 2018).  

4. Aim and methods of the study 

As a strategy to support a sustainable development, the research tries to figure out how to implement principles of circular 

economy in touristic areas. The EEPA have been identified as a solid foundation to develop a pilot project in which actors 

representing different stages of the touristic supply chain cooperate and share resources to embrace a circular approach to 

their activities. After defining the EEPA members, the first step in this phase is to set clear goals that need to be implemented. 

Thus, in the next sections the actors involved in the EEPA and the priority areas of improvements that will serve as baseline 

to define more concrete actions in the next phased of the project will be presented. Goals and related-practices of the pilot-

project were identified through the Italian EEPA regulation and using the ETA Beta approach (developed in the LIFE+ Project 

“Environmental Technologies Adopted by Small Business Operating in Entrepreneurial Territorial Areas”)(ETA-BETA 

PROJECT, 2013). Additionally, the guidelines of Tuscan Region for EEPA development were considered (Tuscany Region, 

2011). Then, the guideline published by ITACA (“Institute for Innovation and Transparency of Public Tenders and 

Environmental Compatibility”) (ITACA, 2013) and ENEA (Italian National Agency for Alternative Energies) from the project 

SIAM (“Sustainable Industrial Area Model”)(Tarantini, Di Paolo, Dominici, Peruzzi, & Dell’Isola, 2007). Finally, EMAS and the 

related Sectoral Reference Document for Tourism were employed (Styles, Schönberger, & Martos, 2013). Based on the best 

practices selected, the partners of the pilot-project were interviewed with semi-structured interviews to figure out which of 

the proposed EEPA goals were applicable to their operations.  

5. Results and Discussion 

5.1 Context: the EEPA Gaeta Green Tourism development  

The EEPA Gaeta Green Tourism, started in 2017, on a tender for call of Lazio Region, aiming at developing the EEPAs in his 

territory. The project started in collaboration with the department of business study of Roma Tre University, the spinoff 

Toureco and different tourism firms in the area of Gaeta. The EEPA project is mainly located in the municipality of Gaeta 

(20,630 inhabitants) in the province of Latina in southern Lazio. The municipality extends for 29 km2. Its prevailing economic 

vocation regards restaurant business and tourism, commerce, services, fishing and agriculture. In recent years the 

municipality has invested heavily in the development of tourism and its deseasonalization. In fact, according to ENIT (Italian 

National Tourism Agency) (ENIT, 2017)research results, the Gulf of Gaeta ranked first in Italy between June and September 

for seaside resorts marking with a 29.3% increase compared to last year (ENIT, 2017). The municipality of Gaeta has also 

been active for years in the development of a tourism that is more attentive to environmental, social and economic impacts. 

As evidence of this commitment, the city of Gaeta received the "Blue Flag" award in 2017 (for the fourth consecutive year), 

which has been considered by scholars as one of the most powerful tool to ensure environmental quality of tourism (Capacci, 

Scorcu, & Vici, 2015). 

In this pilot phase, the EEPA is composed by 6 touristic activities: one hotel, two Bed and Breakfast, one tour operator, one 

restaurant, and one beach club. Considering the tourist sector supply chain (Figure 1), the project involves actors belonging 

to different areas of the chain: tour operators, hotels, B&B, beach club and restaurant services. The final goal will be to 
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involve in the project a greater number of actors, in order to take into consideration the entire supply chain involved in the 

tourist destination supply chain.  

 Figure 1. Tourism supply chain (European Commission - Joint Research Centre - Institute for Environment and 

Sustainability, 2012) 

5.2 The goals of the touristic EEPA 

The “Gaeta Green Tourism” EEPA has as its main objective the implementation of circular economy principles to a touristic 

cluster. Therefore, the goal is to develop an area in which tourism activities are implemented, following the logic of circular 

economy. Additionally, with respect to the environmental aspects, a specific attention is given to the social and economic 

opportunities for the EEPA partners. To summarize, the EEPA main goals are:  

 to identify innovative tools and methods to reduce the environmental impact of the EEPA partners;  

 to reduce the use of natural resources and pressure on the environment; 

 to promote the development and application of clean technologies in the EEPA;  

 to promote the continuous improvement of the environmental performances, both EEPA and of the individual local 

businesses;  

 to encourage the diffusion of new business models for circular economy like product-service systems; 

 to encourage business partnerships and effective relations between local authorities, citizens and companies; 

 to increase employment and improve workers’ status.  

Table 1 presents the specific goals of the EEPA corresponding to the different area of improvements to be implemented by 

the EEPA partners.  
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Table 1. Main EEPA “Gaeta Green Tourism” goals. 

Theme Goals 

The protection of health, safety and the 
environment, also from a landscape point of 
view 

 Ensure the harmonization of anthropic activities with the natural 
elements of the landscape in which it is inserted. 

 Ensure the quality of open spaces (green areas, roads, parking lots 
and areas pertaining to the lots) and buildings in terms of overall 
structure and construction choices. 

 Implementation of a sustainable tourism destination plan 

 Implementation of a biodiversity management plan 

Prevention and reduction of air, water and 
soil pollution 

 CO2 and air emissions reduction  

 Reduction of water consumption, also by differentiating supplies 
according to uses and by adopting systems for rainwater or 
wastewater reuse 

 Reduction of use of chemicals 

 Sustainable supply chain development with the choice of products 
and services that comply with specific environmental criteria 

 Guarantee the efficiency of the road network to optimize the 
accessibility of roads to the area and to favor the sustainable 
mobility of people and goods 

Wastewater treatment 
 

 Reduce the discharge of wastewater through a system of separate 
wastewater disposal 

 Ensure a wastewater treatment system that reduces the 
environmental impact of traditional purification processes 

Recycling, waste recovery  Efficient collection of waste and recycling 

 Waste material exchanges among partners 

Resources consumption   Reduce the consumption of materials within the partners’ activities 

Reduction of energy consumption and 
energy efficiency  

 Reduce primary energy consumption for heating and / or cooling 
and ensure thermo-hygrometric comfort in indoor environments 

 Control/reduce the use of non-renewable sources for energy supply 
and maximize the use of renewable sources 

 Optimize the performance of natural and artificial lighting systems 
in indoor environments for energy saving and visual comfort 

Performance and sharing economy  Development of sharing and performance economy solutions 

 Implementation of the "Product as service" business model like: 

bike sharing; car sharing; platform for local tour guides; product as a 
service (PSS) 

Key elements of the environmental, 
productive and competitive improvement 
program  

 Environmental and social communication and education 

 Consumption monitoring 

 Development and application of indicators 

 Shared EEPA partners’ staff training  

 Implementation of the environmental management system and / or 
obtaining ecolabels 
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5.3 Expected outcome of the project 
 

As shown in Table 1, the pilot project has the objective to capture the three levels of sustainable development following the 

circular economy principles. In fact, potential advantages of applying circular economy in a touristic destination not only 

determine a reduction of the impact on the environment, but also include the opportunity to improve social relations and 

working conditions, creating new business partnerships. The expected outcome of the EEPA mainly relate with:  

 the reduction of environmental impacts and material consumption;  

 economic savings related to the reduction of energy and water consumption;  

 development of knowledge in the field of eco-innovation and of eco-efficient technical solutions, applied to the whole 

area and not only to individual companies;  

 opportunities for Green Marketing;  

 strengthening of the local community;  

 improvement of tourist facilities;  

 incentive to the conservation and transmission of culture and traditions;  

 development of common infrastructures and services. 

 development of new business models for sharing and performance economy. 

6. Next steps of the project and conclusion 

Starting from the Italian experience of the EEPA for the implementation of circular economy principles in the context of 

industrial clusters, the paper has shown the potential of implementing the same principles in a touristic area. Once identified 

the goals of the touristic EEPA, the next steps will be to transform them into practical actions to be implemented by the EEPA 

partners. Further development of the project will be:  

1. the application of the EU Ecolabel criteria for tourism, with a centralized certification assistance to firms; 

2. the application of Legambiente Turismo eco-label Decalogue; 

3. the implementation of the European system of indicators for sustainable tourism (ETIS);  

4. the development of EMAS environmental management system and/or ISO 14001 certifications schemes and the 

development of the performance economy and the sharing economy (bike sharing; car sharing; platform for local 

tour guides; product as a service systems (PSS)).  

Following a lifecycle thinking approach, energy and materials exchanges among the partners will be analyzed to identify 

potential opportunities for cooperation. Significant attention will be given to identify which activities can be carried out with 

shared resources of EEPA partners in order to optimize costs and amplify potential advantages.  
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Abstract 

Most companies operate on a linear economy which consists of “take, make, use and waste”. However, in the transition to a 

circular system, businesses will require guidance in order to understand the circular economy and apply its principles for 

sustainable production and consumption. This guidance is especially important in the case of small and medium enterprises 

(SMEs), which are the predominant type of enterprise in the OECD area. SMEs have fewer resources to deal with 

technological, financial and human barriers towards circular economy implementation in their business.  

 

Bearing this in mind, the aim of this research is to provide SMEs with a guide to diagnose their business and plan their 

implementation of circular economy practice, allowing them to create value and gain a competitive advantage in the market. 

This guide has been developed through a literature review and validated in a case study in a rubber-metal company.  

 

This research allows companies to go deeper into the circular economy and identify the business opportunities that they have. 

Moreover, this study makes an important contribution to practitioners in SMEs regarding the step by step implementation of 

the circular economy by using a real case which shows how to identify, plan and capitalize on the circular economy 

opportunities. As a result of this research, the circular economy will no longer be so far out of reach for SMEs, and these 

companies could start shifting from linear to circular business models. 

 

Keywords: circular economy, SMEs, implementation guide, case study 

1. Introduction  

The growing impact of industries’ emissions on the environment has aroused global concerns about their activities. As a result, 

companies are becoming more and more aware of the importance of implementing a circular economy (CE) model by closing 

the loop of materials, energy and waste flows. Moreover, a circular model can contribute to the achievement of sustainable 

development thanks to the influence of governments and institutions, researchers and consumers. This is supported by the 

Climate Action Commitments at COP21, which were ratified by 146 countries, by the Sustainable Development Goals 

launched by the United Nations in 2015, and even by the “Laudato Si”, Pope Francis’s second encyclical (2015), which 

explicitly states the importance of a circular model of production and consumption.  

The CE concept is defined as “an economic system that represents a change of paradigm in the way that human society is 

interrelated with nature and aims to prevent the depletion of resources, close energy and materials loops, and facilitate 

sustainable development through its implementation at the micro (enterprises and consumers), meso (economic agents 

integrated in symbiosis) and macro (city, regions and governments) levels. Attaining this circular model requires cyclical and 

regenerative environmental innovations in the way society legislates, produces and consumes” (Prieto-Sandoval et al., 2018). 

From this definition, four components of the CE are suggested: 1) the recirculation of resources and energy, the minimization 

of demand for resources, and the recovery of value from waste, 2) a multi-level approach, 3) its importance as a path to achieve 

sustainable development, and 4) its close relationship with the way society innovates. 

In this sense, academics, consultants and institutions have made several attempts to guide the global society towards CE 

implementation. Governments and institutions have proposed new standards and eco-labels to certify the application of CE 

principles in companies and products (BSI, 2017; Evans et al., 2015). Although the standards provide some key points for 

progressing towards CE, they do not provide companies with the information they need to start the process. 

Regarding the need to manage the CE implementation, multiple authors have proposed indicators to assess and evaluate CE 

implementation (Geng et al., 2012; Su et al., 2013; Zhijun and Nailing, 2007). A recent study on CE implementation was 

undertaken by Lieder and Rashid (Lieder and Rashid, 2016), who analysed the motivations that exist among CE stakeholders 
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and proposed a strategy for aligning those motivations through national public institutions and industry efforts. However, the 

strategies tend to be focused on the macro or meso levels, meaning countries, regions, industrial parks and in general large-

scale approaches, leaving aside one of the most important actor, the companies. 

In this sense, there is still much uncertainty about CE implementation methods at the micro- or enterprise level. At this level 

small and medium enterprises (SMEs) play an essential role in CE implementation because SMEs are responsible for the 

majority of jobs in developed countries, and in emerging economies they contribute up to 45 percent of total employment and 

up to 33 percent of national income (GDP) (Ayyagari et al., 2014). Therefore, if SMEs implement CE practices, the CE will 

have a major influence on the global market. Moreover, SMEs that have an environmental strategy and develop eco-

innovations will see the benefit in their financial performance and they will enjoy a competitive advantage (Aragón-Correa et 

al., 2008; Del Río et al., 2010).  

Bearing this in mind, this research aims to provide companies with a guide that will help them to identify circular economy 

implementation opportunities and define a plan of action in their own businesses to create value and gain a subsequent 

competitive advantage in the market. 

This paper has been divided into four parts. The first section aims to present the circular economy concept and its importance. 

The second section is concerned with the methodology used for this research based on a literature review and a case study. 

The third part deals with the explanation of circular economy fields of action and the corresponding guide for diagnosing and 

planning the implementation of actions towards circular economy. The fourth section presents the case study and the findings 

of the research. Finally, the conclusion gives a brief summary and areas for further research are identified. 

2. Methodology 

This study is based on a literature review and a case study (CS).  A literature review is an analysis of the relevant available 

research on the topic being (Hart, 1999). It assists on defining the context in which the study will be established and narrowing 

down the scope of the research into a manageable project (Webster and Watson, 2002). This literature review focused on the 

work presented in three papers, published during the last three years (Kirchherr et al., 2017; Lieder and Rashid, 2016; Prieto-

Sandoval et al., 2018). Then, their main conclusions and the literature reviewed by those authors were systematic analysed. In 

this review of the literature, it has become evident that the idea of the circular economy became popular when Pearce and 

Turner (Pearce and Turner, 1990) coined the term in the 90s, citing the work of Boulding (1966) and started to become popular 

after 2003, when the Chinese government started to promote CE, even though China's CE promotion law did not go into effect 

until 2009 (Wu et al., 2014). Given those last systematic literature reviews and the papers cited by them, this study deduces 

and uses six fields of action to implement circular economy. Moreover, this review also allows us to propose a guide for 

diagnosing and planning the implementation of circular economy.  

The CS was then undertaken to validate the proposed guide. The CS is a research method that allows complex issues to be 

explored and understood; moreover, it leads the researcher to go beyond the quantitative results and understand behavioural 

conditions (Zainal, 2007) in a real-life context (Yin, 2009) that cannot be manipulated (Rowley, 2002). We gathered as much 

in-depth and insightful information as possible from the company, using observations and structured workshops, in order to 

analyse its potential to implement the circular economy paradigm given its situation at the time of the CS.  

To carry out the case study, we analyse the background of the rubber-metal company and explain the CE guide for diagnosing 

and planning the CE implementation. This paper shows in detail the results obtained by following the three steps and in light 

of the CE fields of action. Finally, the conclusions are presented according to the case study in order to highlight the main 

findings. 
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3. Circular Economy fields of action 

The CE can be summarized in five cyclical fields of action: take, transform, distribute, use and recover goods and materials 

(Park et al., 2010; Stahel, 2016), and a transversal field of action called industrial symbiosis. Firstly, firms take resources such 

as energy and raw materials from the environment to transform them into products and services. Then, firms distribute the 

products to consumers at sale points or other firms, either delivering them directly or through external logistics services. After 

that, consumers use the product/service in the market. At this point, the CE proposes to close the loop by recovering energy 

and valuable materials from used goods and waste. In terms of this last field of action, Stahel (Stahel, 2016) has pointed out 

the importance of innovation in recovering and enriching the used materials either through the environment or industrial 

processing instead of disposing of them or simply wasting them. 

The concept of industrial ecology (IE), founded by Ayres and Kneese (1969) and Ayres (1989), proposes that industrial 

activities can work like a metabolism, where different actors can be integrated into a symbiotic relation through their waste 

resource streams, which continuously circulate through the resource inventory of the system. Consequently, this study adds a 

sixth field of action to the CE, namely industrial symbiosis, which Chertow (Chertow, 2000) defined as “the activity that 

engages traditionally separate industries in a collective approach to competitive advantage involving physical exchange of 

materials, energy, water, and/or by-products”. While this type of integration is not new, Porter (Porter, 1998) affirmed that the 

creation of corporative networks, alliances, and partnerships is central to companies’ competitive advantage in the market. 

4. Guide to diagnosing and planning Circular Economy implementation  

When an organization undertakes to develop circular economy principles, doing so may involve important changes regarding 

its products or processes (Lieder and Rashid, 2016). Therefore, for an organization to better understand the consequences and 

opportunities derived from those changes, it should have in mind its strategic points, such as competitive advantage and value 

proposition (Porter, 1985). Once the company clarifies those main aspects, the next step is to analyse the opportunities it has 

to improve its products by examining each of the aforementioned six fields of action: take, make, distribute, use, recover and 

create industrial symbiosis. These six fields should be the guide’s backbone, and the guide for implementing the CE should 

include the assessment of the actions that contribute a greater value. The CE guide was designed taking into account the 

following steps: 

- Diagnosis of a company’s situation, through reflection on the current value proposition, the stakeholders and a 

preliminary diagnosis regarding it level of CE application. 

- Analysis of opportunities derived from the application of the CE. 

- Circular economy implementation plan. 

An initial version of the methodology for implementing the circular economy in SMEs was developed as follows:  

The diagnosis step aims to understand the beginning situation of the firm according to the CE fields of action, its current 

process, its relationship with stakeholders and the opportunities and barriers which have the greatest influence on its business.  

Given the objectives of diagnosis, this step included the following areas of analysis:  

 Theoretical immersion: The research team introduced the main concepts of circular economy and its fields of actions, 

eco-innovation and strategy to the firm participants. 

 General diagnosis: An online diagnosis tool was designed by the research group to assess the firms according to the 

six fields of action and it automatically generated a results report . This diagnosis is based on our previous research 

about the importance of each circular economy field of action and the corresponding key features that should be 

implemented in each company (Prieto-Sandoval et al., 2017). 

Once the diagnosis is completed, the firm is ready to analyse opportunities derived from applying the CE. To that end, the 

following areas were considered: 
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 Context analysis: The set of factors that affects the company is analysed to understand its needs and its processes, 

as well as the people and agents that are involved in the company. Knowing this context will make it easier to 

undertake a detailed analysis of the company's opportunities for achieving the objectives of the circular economy. 

 Competitive advantage and value proposition assessment: The classic definition provided by Porter (1985) says that 

competitive advantage exists when an organization can provide more value for its buyers than its competitors through 

cost leadership or differentiation. Then, as a consequence of this competitive advantage, the firm will build a value 

proposition. Kaplan and Norton (2004) claim that the value proposition is the unique combination of the product, 

price, service, relationship and image that the firm offers its customers in a “better” or “different” way, relative to 

other organizations. Consequently, a firm should know what its competitive advantage and value proposition are in 

order to analyse how it could be enriched and how it can align its business strategies in order to pursue environmental 

innovation and take advantage of the opportunities of the circular economy. 

 Identification of stakeholders: Stakeholder requirements, such as environmental or social criteria, can influence the 

firms to introduce them as new characteristics for a product or service, so the stakeholders have a considerable 

influence on the company’s business model (Gadenne et al., 2009; Hienerth et al., 2011). 

 Identification of the key activities of the current process: the research team does a set of exercises which are partially 

based on version of the Eco-design cards originally developed under the Switchmed project (available at 

https://www.switchmed.eu/en) and later updated to fit the proposed fields of action. Leaders of each department and 

the general manager work on these exercises to analyse their actual performance in the different fields of action. 

 Identification of opportunities and barriers: The research team analyses in detail the opportunities that the company 

will benefit from by implementing the CE in each of its fields of action. In is known that SMEs have to overcome 

multiple “hard barriers” related to technology and financial resources, as well as “soft barriers” mainly associated 

with human limitations. Nonetheless, the circular economy offers opportunities such as an increase in prestige, cost 

reduction and financial profitability, recovery of the local environment, and of course, the sustainability of the 

company (Ormazabal et al., 2018). 

Finally, the circular economy implementation plan aims to encourage the firm to take on the CE challenges and 

overcome them in its own way, keeping in mind the firm’s corporate strategy, resources and stakeholders support. The 

tasks defined for this step are: 

 Make a check list of the strategic aspects of an SME: Actions and strategies are proposed for each stage of the CE, 

based on the previously identified opportunities. In addition, tools for attaining some of these objectives are 

proposed. 

 Choice of three strategic aspects to be improved: The strategies and corresponding actions to be carried out are 

organized and selected according to the expected benefits and the implementation time: short, middle or long term. 

Then, the participants reach a consensus and agreed plans of action. 

 Selection of responsible "insiders" by area involved: People responsible for each process should be trained in CE to 

carry out an action plan. 

 Proposal of agents which could be integrated: Identifications of agents which can facilitate the circular economy and 

industrial symbiosis process, like universities, research centres or neighbouring undertakings.   

5. Case study 

The real rubber-metal company analysed for this study is a family business created in 1984 and located in the Basque Country, 

Spain; in this paper we will refer to the company as RM FIRM. The company has a turnover of more than € 3,000,000 and it 

has about 20 employees. RM FIRM’s activity focuses on the manufacture, marketing and sale of anti-vibration materials 

(shock absorbers), and it is a supplier to well-known large companies that produce electrical appliances, heavy machinery, and 

elevators, among products. These products consist mainly of metal and rubber.  
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Although it is a prosperous company in Spain, the CEO and owners realized that it is still immersed in a linear economy and 

they did not know how to shift to a CE model. RM FIRM requested our guidance to help them to understand the circular 

economy in depth and their own opportunities for building a competitive advantage and creating value with this paradigm 

shift. 

 In order to carry out the diagnosis and the plan to implement the CE, six different workshops were held. Table 1 presented 

the stages and topics that are addressed in each workshop. 

Table 1 The diagnosis and plan program 

Step Workshop Description Time 

Diagnosis 1 Training in basic concepts of the circular economy 

General diagnosis 

4h 

Analysis of 

opportunities 

 

2 Context analysis 

Competitive advantage and value proposition assessment 

Identification of stakeholders 

Identification of the key activities of the current process 

4h 

3 Identification of opportunities and barriers 4h 

4 Identification of opportunities and barriers 4h 

CE implementation 

plan 

 

5 Checklist of the strategic aspects of the SME 4h 

6 Choice of three strategic aspects to be improved 

Selection of responsible "insiders" by area involved 

Proposal of agents with which could be integrated 

3h 

5.1. Diagnosis performance 

In Workshop 1 (Table 1), the general manager and the heads of different departments, such as production, quality, and 

marketing and sales, were introduced to the main concepts of the circular economy and its fields of action, eco-innovation, 

and strategy. This introductory step was important because it provided the participants with a basic understanding of the 

theoretical framework so they could participate in the whole process in an accurate way and relate their activities to the circular 

economy easily. 

The firm used the online diagnosis tool designed to assess firms on the six fields of actions using a scale from 1 (the lowest 

performance) to 7 (the best performance). It is important to point out that the diagnostic was answered in consensus, meaning 

that all members agreed on every item of assessment. The firm scored as follows: Take = 1.75, Transform = 2.33, Distribute 

= 4.33, Use = 1.2, Recover = 2.6 and Industrial Symbiosis = 2.00. 

First, for the “take” field of action the firm claimed that it is meeting legal requirements. However, it does not have any general 

environmental criteria for purchasing materials and resources. The firm has technical limitations on using biodegradable 

materials and the products apparently are not reusable. Then, in the transformation step, the participants realized that the firm 

has made an eco-innovation in developing a process for reducing the use of energy and water through the use of residual heat 

for drying parts and recirculation systems, respectively. However, the firm does not use clean energy and it has not thought 

about new ways to extend the life of certain resources used in the process, such as oils. With regard to the firm's distribute 

score, participants reported that some packaging had been designed to optimize vehicle space, and the firm shares the transport 

vehicles with other firms. But at this same time, this is the field over which the firm has less decision-making power in terms 

of making innovations because transportation is provided by external companies. After that, the analysis of product use shown 

the lowest score in the diagnosis. This result is due to the lack of product traceability because RM Firm’s products are part of 

bigger machines from other brands, and end users prefer to use new parts than second-hand products. Additionally, there is no 

way to offer maintenance to extend the life of the product because it is more expensive than replacing it with a new one. In 

the recovery field of action, the firm realized that the product has no label identifying the type or quality of material used to 

help the product to be recovered properly as soon as it is replaced. The firm receives some income by selling metal scrap to 

recycling plants, but it has to pay to manage the remaining waste because at this moment there is not a viable way to recycle 

them.  
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Finally, although RM FIRM belongs to the leading industry associations in its sector, the company has not developed an 

industrial symbiosis initiative to participate in or develop a waste management plan with other companies. In addition, there 

is no communication with the other companies in the industrial park in terms of integrating activities in order to share resources 

or manage waste together, in a more efficient way. 

5.2. Analysis of opportunities derived from CE  

In order to prepare the firm to be able to address the opportunities that the circular economy offers, the first step was to identify 

the value proposition and the way to create value for the company using an environmental business strategy. Del Río et al. 

(2016) claimed that an environmental business strategy connects resources, competences and capabilities with eco-innovation, 

which drives organizational changes and facilitates the creation of a competitive advantage in the market. 

Next, the firm identified its current value proposition and the participants thought about how the circular economy can help 

them to create and capture more value. Moreover, the participants defined the main stakeholders who can facilitate the 

implementation of the circular economy in the firm. For each field of action, there are stakeholders who can help to make the 

business more circular, and the firm also identified a group of “transversal” stakeholders who can influence all fields of action 

(Table 2). 

Table 2. Identified stakeholders by field of action 

Field of action Stakeholders Transversal Stakeholders 

Take Providers Universities and research centres 

Competitors Investors and organizational leaders 

Transform Universities and research centres Governments 

Design schools Standards organizations such as BSI, 

AENOR, etc. 

Distribute Logistics providers Industrial or commercial associations 

Use Buyers   

Consumers and end users   

Used second-hand users   

Clustered customers   

The "responsible organization of 

the product" 

  

Recover Waste manager   

Landfill managers   

The participants then reviewed the main processes of the company, and they realized that they have never written down their 

processes, the machines involved, and the materials flow. This was an important step for the firm because the participants 

analysed how the six fields of action can be applied to the company’s own processes, strategy, and stakeholders. Once the 

processes and available resources had been identified, the firm could analyse whether there were operations that had a greater 

weight in the operation or whether there were processes with improvement priority. This type of information will be important 

when proposing environmental innovations of an incremental or radical nature. 

Understanding the firm’s current situation was fundamental for proposing a list of opportunities and barriers. For the six 

circular economy fields of action used in the guide, the research team updated and adapted the “Eco-design cards” developed 

by the Switchmed project. The cards include a group of questions which encourage participants to think about the opportunities 

offered by the circular economy. Then, participants defined both “hard barriers”, which are related to technology and financial 

resources, and “soft barriers”, which are mainly associated with human limitations. After that, the participants classified the 

opportunities and barriers in fields of action. 

At this point the materials and energy flows were not measured because the company was focused on strategic rather than 

operational management. However, the case shows that these types of measurements can be included as tools of the action 

plan. 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

472



5.3. The design of the Circular Economy implementation plan 

Based on the opportunities and barriers identified by the firm participants, a group of strategies and key actions were proposed 

for each field of action, except the "use" because the company did not select this type of strategy because of its low feasibility 

of carrying them out. Then, those strategies were organized based on two criteria: the importance of the strategy for the firm 

as denoted on a scale from 1 to 5, and the expected implementation time: short, middle or long-term. Following that, the firm 

participants selected the most important and feasible strategies and the corresponding actions needed to attain them (Table 3). 

Table 3. Strategies and key actions selected for each field of action 

Field of 

action 

Strategy Improvement 

opportunities 

"Hard" 

Barriers 

"Soft" or human 

barriers 

Associated 

opportunities  

Take Require supplier 

certification. 

Search for adhesive 

and biodegradable 

paints. 

High cost due 

to pre-heating 

Few sustainable 

suppliers are available 

(only 3 identified 

internationally) 

Improve process, 

certify and 

communicate to 

differentiate. Also, 

reduce employee 

exposure to these 

chemicals 

(industrial safety). 

Require supplier 

certification. 

Use products with an 

eco-label. 

  Inform suppliers of the 

company’s 

environmental vision 

and what it expects 

from their products. 

The company 

differentiates itself 

from its competitors. 

Transform Standardize  

some products 

Quality control 

improvement in 

order to reduce 

production quality 

rejects.  

  Behaving reactively 

when there are 

problems. 

Improve customer 

service, cost savings 

for recovery and 

increase inventory 

rotation. 

Environmental 

coaching 

There is room for 

improvement in the 

use of office supplies 

and a plan to extend 

the use of electronic 

invoices. 

The 

technology / 

legislation is 

not ready 

(electronic 

invoices). 

Lack of environmental 

criteria for purchasing 

office material. 

Currently, the firm 

sends only 15% of 

invoices by mail.  

Savings in materials 

and money. 

Efficiency in the 

quality of the 

process 

The quality policy 

still has room for 

improvement in 

terms of minimizing 

discarded products 

and 

nonconformities. 

  Employees require 

greater organization, 

and more time to 

review the processes. 

Savings in materials 

and money. 

Efficiency in the 

process 

Improvement of 

process energy 

management 

Monitoring of 

consumption 

Work habits Energy savings 

Distribute Optimize stock, 

routes and space. 

Improve the 

occupation of the 

pallet. 

  Operators do not place 

boxes efficiently. 

Savings in shipping 

costs? (paid by 

weight, not by 

volume) 

Recover Recover waste 

and energy. 

Recycle obsolete 

electronic material 

(computers) 

  Identifying waste 

management 

companies and 

interested 

organizations. 

Order improvement, 

space increase. 

Industrial 

Symbiosis 

Establish an 

industrial 

metabolism 

Identify agents or 

companies that may 

be interested in the 

use of by-products or 

waste. 

Lack of 

appropriate 

technology for 

the recovery 

of waste.  

No agents or 

potentially interested 

companies are known. 

Savings in materials 

and money. 

With the aim of ensuring that employees would engage with the action plan, a group of “insiders” were assigned to each action. 

The “insiders” are employees who will lead each improvement action and process in a specific area of the company based on 

the training they received about CE. 
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Finally, the firm came back to the stakeholders identified at the diagnosis step in order to analyse which ones may be key 

agents in starting an industrial symbiosis plan. Two the proposed options were feasible. The first is to introduce the concept 

of CE to the Rubber and Metal Industry Association and highlight the importance of applying the online diagnostic tool in 

order to compare the CE potential of different firms of the same industry. The second is that the participants believed that the 

positive relationship between the firm and its neighbours in the industrial park could represent an opportunity to close the loop 

of materials and waste. However, the CEO pointed out that the industrial park’s management is not effective because the 

park’s manager is not considered a trusted leader, so that situation may hinder industrial symbiosis. 

6. Conclusions 

Very little was found in the literature regarding specific guidance for implementing the CE in SMEs. The current study fills 

that gap by providing a three-step guide for diagnosing and planning circular economy implementation and presenting a case 

study that validates this pathway as a means to begin the shift from a linear to a circular economy by analysing firm experience, 

barriers and observable opportunities through the lens of the six fields of action—take, transform, use, distribute, recover and 

industrial symbiosis—that make up the circular economy.   

During the diagnosis step, at the beginning of the process the participants from RM FIRM dismissed the idea that the company 

had the ability to make improvements in certain fields of action but they became progressively more engaged and proposed 

CE strategies in most of the fields of action. However, no strategy was proposed for the use field of action. This is because the 

company does not have the ability to trace its products because it follows a “business to business” model, which means that 

their products are used in machines by other brands, and thus the final destination of the products is unknown. This situation 

clearly demonstrates that an implementation process does not have to include every field of action; not all companies have the 

power to make decisions about or take actions towards the circular economy in all fields.  

For the take field of action, the firm’s priorities were oriented towards suppliers and strategies for encouraging them to offer 

sustainable materials. Then, strategies for the transform field of action focused on standardizing some products to create a 

more efficient process and give better service to customers. Additionally, greater standardization facilitates inventory rotation. 

Distribution strategies were related to the optimization of stock, routes and space. In this regard, the participants considered 

that the most feasible option in the short term was to improve pallet occupation. The strategies for the recover field of action 

begin with the recycling of obsolete electronic material (computers) because it is a way to raise awareness in all employees 

about the issue of waste and because the region already has effective e-waste management companies.     

One unanticipated finding was that during the analysis of the opportunities for industrial symbiosis, participants realized that 

their company has excellent relationships with its neighbouring companies but that they have never talked about business 

opportunities and options for undertaking joint actions. RM FIRM believes that introducing a strategy for developing an 

industrial metabolism will be feasible. 

The reader should bear in mind that the study and the strategies defined are based on the RM FIRM priorities. Nonetheless, 

there are multiple strategies and diagnostic tools which can be studied in the future such as the Life Cycle assessment (LCA) 

tool. Further data collection is required to determine exactly which products should be studied with the LCA to define new 

actions for environmental improvement in the RM FIRM. 

Our guide for diagnosing and planning CE implementation in SMEs has important implications for practitioner involvement 

in this change of paradigm. This case study reveals how SMEs can start implementing the change of paradigm through 

environmental strategies that do not usually require high amounts of financial resources or technology. In this sense, classifying 

barriers as “hard” or “soft” is a useful step towards implementing the circular economy according to a firm’s available 

resources and capacities. Moreover, the case study also highlights the relevance of CE for creating value and a competitive 

strategy in the market. 
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Further study with a greater focus on the execution of the CE action plan is therefore suggested which would involve setting 

up and implementing the CE paradigm in a firm. Moreover, there is abundant room for further progress in determining the 

proper assessment of an implementation process and how to disseminate the achievements of the firm effectively.  
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Abstract 
This article studies the energetic potential of biogas obtainable from winery waste production 
through an anaerobic digestion (AD) process, within the territorial context of Emilia Romagna in 
Italy. The winery district produces about 5.2 million tons of grapes. These wastes are processes 
by anaerobic digestion in 5 biodigesters, this methodology allows to re- introduce in the 
production process 800,000 tons of food waste, consisting of: vegetable waste, wood chips and 
waste from pruning. Reusing production waste generates 12,236 million Nm3 per year of biogas 
and 104,283 million kW/h per year of electrical energy. These results show that partnership 
between companies and the implementation of process innovations, could be reached by food 
manufacturers which requires a high energy needs and that produce significant amounts of 
organic waste, reusable by-products as raw material for biogas production. 

 

1. Introduction 

From the beginning of the 70s, the relationship and the interconnection between 
economy, environment and wellbeing has become more preponderant, 
especially for human activities and their effects on natural environment. The 
economic worldwide organization and productive system are based on the 
neoclassical linear approach, in which the intrinsic value of productive capital is 
dependent only on manufactured capital and does not account the environment 
safety, enhancing the weak sustainability vision (Pelenc and Ballet, 2015). 
According to this vision, the production cycle forces the economic chain in the 
same stages: mining, production, consumption and disposal. 
Differently the circular economy approach, proposed as a sustainable 
alternative to our current linear economic system (Singh and Ordoñez, 2016), is 
a model in which the production activities are connected and organised to 
optimise the resources employed in the processes. The added value in this 
approach is related to the waste: the waste of some economic actors become 
resources for other stakeholders. This system is more virtuous compared to the 
linear economy approach, because it is based on the preferable usage of 
renewable resources and on the importance of sharing information among the 
different economic agents. Innovation and ecological design of final products 
are the other two variables that contribute to the enforcement of this system. 
The circular economy concept is strictly linked to the industrial symbiosis model: 
symbiosis is a biological term referring to “a close, sustained coexistence of two 
species or kinds of organisms” (Encyclopedia Britannica, 1992), and in the 20th 
century, the symbiosis in natural systems was adopted as an analogy for 
understanding how industries interact (Lowe and Evans, 1995; Harper and 
Graedel, 2004; Korhonen, 2004). This model used for the first time by Valdemar 
Christensen in 1989 to describe the Kalundborg eco-industrial park (Zhaohua 
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W. et al., 2010), is based on the collaboration between firms in different sectors 
with the aim of sharing economic and social capital to optimize resources and 
costs. The benefit of this model is the integration of the three dimensions of 
sustainable development (environmental, economic and social) for the strategic 
management of the companies’ factors of production. 
More generally, a biomass is considered as any organic and decomposable 
material from vegetable or animal composition following a biological life cycle. 
The biomass can be used as energetic commodity, by converting the chemical 
energy present in the substances in heat, electricity or biofuels. Depending on 
the processing technology and the energy produced, it is possible to distinguish 
different types of biomass: solid (firewood, pellets, chips, agro-industrial 
residues and organic fraction of municipal solid waste wood and agricultural 
crops and residues, animal dung, herbaceous and woody energy crops, 
municipal organic wastes as well as manure.); liquid (biodiesel produced from 
oilseeds and exhausted vegetable oils); gaseous (biogas produced from 
livestock waste, agro-industrial residues and organic fraction of municipal solid 
waste) (Gracceva e Contaldi, 2004). 
The employment and the consumption vary geographically according to the 
type of process used for the energy production. In the American continent, USA 
and Brazil are the leaders in the production of biofuels from corn ethanol and 
sugarcane ethanol respectively, with a total production in 2012 equal to 79 
billion litres (WBA (2014) Global Bioenergy Statistics). In Europe (EU), the 
biomass is employed mainly for energy production, both heat and electricity 
predominantly produced from forestry products and residues in cogeneration 
plants (80%). Differently in Asia and Africa fuel, wood and charcoal are the most 
used resources, by considering that a significant part of the population do not 
have access to the electricity grid, but biogas and decentralised bioenergy 
systems are increasing. 
Biomass is often defined as low-fuel carbon content or carbon neutral, 
indicating that burning biomass does not contribute to climate change. 
In 2015 the world wine production reached 274.4 million hectoliters, a slight 
increase on 2014 (+ 1.3%) (Ismea, 2016). The forecast for 2016 is 259.4 million 
hectoliters, a marked decline compared to the previous year (-5.5%). In 2015, 
Italy was the first producer with a share of 18.2% of the world total, regaining 
the record lost in 2014 in favor of France (17.3% of the total). The advances for 
2016 would confirm Italy in the position of the world's leading producer with 48.8 
million hectoliters compared with 41.9 million in France and 37.8 million in Spain 
(Ismea, 2016). In the same year, the value of Italian production is estimated at 
12.9 billion euro. The ISTAT estimates for 2015 indicate a share of DOC and 
DOCG wine production equal to 39% of the total, an increase of 15.8% on 
2014; to it are added the IGP wines with 31.7%, + 14.7% on 2014 and, on 
balance, the common wines that count for the remaining 29.3% (Mediobanca, 
2017). A significant share of Italian production is exported, with an operating 
surplus of 760 million euros in 1990 to 5.1 billion euros in 2015 (6.7 times), a 
year in which volumes decreased by 1.2% and value increased by 5.4%; the 
average export price therefore rose from 2.49 euros to 2.66 euros per liter (+ 
6.7%). Provisional data from Istat for 2016 show an increase in exports of 4.3% 
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over 2015 (+ 2.9% in quantity); the average export price increased by 1.4% to 
2.7 euro per liter. The provisional surplus in December 2016 rose to 5.3 billion 
(+ 4.9% compared to 2015) (Mediobanca, 2017). 
The companies of this study have a location on the Italian territory that leads to 
a certain concentration in some regions, also called "wine district". With the 
caveats due to the multi-regional location, sub-aggregates can be processed on 
which to calculate significant economic-environmental indicators. In some 
regions, economic performance is relatively more brilliant than the national 
average. 
 
 

2. Methods 

The article is based on a quantitative analysis of the data obtained from the 
study of a wine district involved in the process of industrial symbiosis. The role 
of networking and innovation in the field of industrial simbiosis (IS) is 
investigated through direct research in the field with the use of specific and 
reliable sources. With acquired datas it as possible to investigate the whole 
production process by life cycle assessment (LCA) methodology. Datas were 
processed with data-based software such as Simapro v. 7. The study applied 
the systemic approach to sustainability science, which includes a 
comprehensive analysis for identifying potential areas for theoretical, 
methodological and practical progress of IS studies. 
Italy has an important tradition in terms of local collaborations between 
companies, institutions and communities, inherited from the district model. For 
this work has been studied a Emilia Romagna’s wine district. 
Main product of the district is wine, but it also produces by products that can be 
used and processed by other companies of the district.  
The mission of the entire district is zero waste production, to achieve this goal 
all organic wastes from production are destined to anaerobic digestion. By 
anaerobic digestion the wine district can produce energy that can be re-used for 
energy needs of the production process itself.     
Figure 1 describes the production process for biogas fermentation using 
continuous stirred tank reactor (CSTR) of the middle Italy wine district. The 
fermentation process is a mesophilic type. The fermentation takes place in large 
tanks of 500 m3 and the fermentation temperature is kept around 35 °C with 
recycled hot water. About 80 tonnes of waste water passing through the 
fermentation process and part of the biogas produced by the anaerobic digester 
is used to power the wine distillation process or for heating the boiler. Most of 
the waste to be composted are derived from a winery in northern Italy. 
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Figure 1: Process flowchart of the Faenza biogas plant 

 
The winery district has embarked on a partnership with an energy company, 
with which it works in symbiosis. The energy company produces biogas 
resulting from the waste processing of the wineries. The energy requirements of 
the winery are totally satisfied by the production of electricity resulting from the 
biodigester. In Table 1, the energy requirements are listed. 
 

Table 1 – Winery energy requirements per year 

 

Equipment Electricity Consumption (KWh) 

Screw pump for mesophili CSTR 12.946.500  

Recycle stirring pump 12.946.500  

Hot water recycle pump 3.528.000  

Submerged pumps 37.663.500  

Overhead stirrer 17.650.500  

Submerged mixer for equilization tank 7.056.000  

Solid liquid separator 12.946.500  

Illumination 262.500  

 
To calculate the energy balance, energy and biogas have been converted into 
electricity (kWh). The total production of 5,200,000 tons of grapes produces 
220,000 tonnes of waste that are destined at the biodigester. Thanks to the 
anaerobic digestion process the energy company that collaborates with the 
winery can produce 105,000,000 kWh of biogas and 81 million kWh of electric 
energy. The use of renewable fuels allows an annual saving of about 35,000 
tons of CO2. The total energy produced satisfy the energy needs of the winery 
that produces food waste. 
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3. Results and discussion 

In this section, we will try to highlight how networking and innovation have 
progressively become relevant topics in IS studies and how they have been 
integrated in supporting EU policies and local development models. 
The winery district transforms 5,200,000 tons of grapes into wine. Wastes from 
this transformation process are re-introduced in the production system. 
Thought anaerobic digestion wastes are transformed into electric energy and 
biogas. Environmental and economic impacts from the transformation process 
has been elaborated by LCA simulation software as Simapro 7. 
The following inputs were taken into consideration in the analysis process: 

 Total production of grapes; 

 Amount of biogas produced by anaerobic digestion;  

 Amount of electric energy produced by anaerobic digestion.   

 
The parameters analysed for this case study are listed in table 2. 
 

Table 2 – Environmental and economic parameters from biomass energy production 

 

Parameter Type Total 

Electricity 

from 

biomass 

Heat from 

biomass 

Climate change Human Health DALY 20 6,73 13,60 

Ozone depletion DALY 2 2,08 0,01 

Human toxicity DALY 6 0,48 5,60 

Photochemical oxidant 

formation 

DALY 0 0,17 0,00 

Particulate matter formation DALY 9 6,02 2,61 

Ionising radiation DALY 0 - 0,45 

Climate change Ecosystems species.yr 0 0,04 0,08 

Terrestrial ecotoxicity species.yr 2 1,68 0,00 

Freshwater ecotoxicity species.yr 10 9,63 0,00 

Marine ecotoxicity species.yr 8 1,95 6,38 

Agricultural land occupation species.yr 0 - 0,01 

Metal depletion $ 3 - 3,16 

Fossil depletion $ 5 1,35 4,00 

 
The results from software development show that biomass gas production has a 
greater environmental and economic impact than biomass electricity production. 
An economic analysis was conducted for the biogas plant. The biodigestion 
plant was built in 2009 and has an estimated life span of 20 years. The 
installation cost was 1,250,000 €. The annual revenue is calculated by adding 
up the sale of energy produced and the savings resulting from the production of 
energy from the biodigester. The annual costs include the cost of labor and 
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equipment maintenance fee. The annual income is calculated from the 
difference between the annual operating costs and revenues. The payback 
period has been identified by dividing the costs for the installation of the 
biodigester and annual income (1).  
 

𝑃𝑎𝑦𝑏𝑎𝑐𝑘 𝑝𝑒𝑟𝑖𝑜𝑑 =
𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝑐𝑜𝑠𝑡 

𝑎𝑛𝑛𝑢𝑎𝑙 𝑖𝑛𝑐𝑜𝑚𝑒
                       (1) 

 
Il net present value (NPV) It was calculated as shown in equation (2). 
 

NPV = −𝐶0 + ∑
𝐶1

(1+𝑟)𝑖
𝑛
𝑖=1         (2) 

 

- C0: installation cost of biodigester 
- C1: annual income 
- r: rate of interest 
- n: number of years 
- i: discount factor at time 

Table 3 shows how the payback period and npv returns positive results. 
Domestic production of electricity and biogas saves in a year: 3.726 € million 
from electricity costs and 2,195, 545.54 € from gas costs. 
 

Table 3 - Economic analysis of the anaerobic digestion plant 

Type Value 

Installation cost 1.250.000,00 € 

Annual income  5.921.545,54 € 

Equipment maintenance costs 4.830.000,00 € 

Payback period (months) 2,56 

Net present value  5.529.082,99 € 

 
As a source of renewable energy, biogas and other renewable energy, not only 
bring environmental benefits but can be economically competitive to attrack new 
investments. 
 

4. Conclusion 

The challenge of our century is to define and apply a new scenario where the 
production is re-thought and re-launched for the improvement of environmental 
and human safety. The territory is the pivotal element that can lead the 
redefinition of the economic boundaries, by achieving a more efficient process 
of production based on the revalorisation of waste. The new vision starts from 
different innovative sectors, from waste to sustainable management and 
recovery, from agriculture to mobility, to biochemistry, to push the supply of 
commodities under an innovative low carbon perspective. The process of 
transition must be taken together with the industrial innovation policy, territorial 
and environmental, to respond to the dangerous situation of pollution and to 
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create the conditions for new investments in the renewable energy sources, as 
well as in the optimisation of resources allocation.  
Incentives to promote the circular economy approach should be based on two 
variables, savings on production costs and the acquisition of competitive 
advantages (a consumer prefers to buy a product from circular rather than 
linear production process). Prolonging the productive use of materials, the 
reuse and increasing the efficiency, the competitiveness will be strengthened, 
the environmental impact and the GHGs emissions will be reduced. The 
sustainable collaboration will enhance the sharing initiatives between different 
companies operating in different sectors, with the aim to share initiatives based 
on common interests, in terms of economic, environmental and social value. 
Collaborative agreements between companies and industries will optimize the 
environmental preservation, amplifying the final benefits. Subsequently, 
collaboration for certain firms has deepened between firms exploiting new 
opportunities for initiating collaborative practices. Furthermore, the use of 
biomass in the production process is cost-competitive today, and incentives will 
lead the generation and the usage of this commodity. Environmental 
preservation, energy security and socio-economic advantages are associated 
with sustainable bioenergy, and transitional measure will reduce the cost of the 
competitiveness in the middle term. Policy frameworks at national and local 
level should provide the support for the implementation of production waste 
reuse, by achieving also other important objectives, such as greenhouse-gas 
reduction, energy security, biodiversity preservation, and socio-economic 
development. 
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Abstract 

In the past years, several programmes have been started to propagate ‘best practices, cultural behaviour and process thinking’ 

in the industrial business model to promote transition from a linear economy to a circular one. The European commission 

published the paper ‘Closing the loop – EU Action Plan for Circular Economy’, that includes a programme for ‘zero-waste’ 

with clear targets for waste management and recycling. The WINCER project as referred to in this document (Waste synergy 

in the production of INnovative CERamic tiles, http://www.wincer-project.eu) is part of these initiatives. In the WINCER 

Project, Marazzi Group S.r.l. and Centro Ceramico Bologna have developed a ceramic tile that has the same technical and 

aesthetic performance as that of a traditional ceramic tile but uses a high percentage of secondary materials (up to 80%). 

In this document summary we present the LCA study, assessing the production of this innovative “green” ceramic tile. The 

study was conducted based on ISO 14040 and ISO 14044 standards. In addition, as ceramic tiles are mostly used in the building 

& constructions sector, also the guidelines of EN 15804 have been followed. The scope of the study is limited to a “cradle-to-

gate” life cycle assessment in a pilot production. The software used to conduct the LCA study is GaBi 8 and the databases 

used for upstream/downstream materials and the energy production process, which is aligned with GaBi 2017. Additional to 

the standard LCA report we decide to use the LCA model to calculate the Material Circularity Indicator (an indicator that 

estimates the circularity of a product in terms of material use), for which we used the GaBi circularity tool developed by 

thinkstep.  

From the overall results we learn that most impact categories and LCI parameters are dominated by energy processes: global 

warming potential, ozone depletion and photochemical oxidation are attributed for more than 80% to energy consumption. 

The only impact relevant for raw materials are for abiotic depletion potential elements (ADPe) which is linked to inks and 

glazes that contain mineral oxides. At the same time a very high MCI value (around 0,86 on 1) confirmed a high circularity 

aspect of this tile.  

Ceramic industries work ‘circular’ in several aspects: starting from a high level of production scraps recovery, re-use of waste 

as secondary material and re-use of water after treatment. The usage of secondary materials (aspect emphasized in the 

WINCER mixture) and the water re-use cycle, prove to be a best practice network between not only internal, but also external 

production processes, creating a great virtuous circle. Besides the LCA study shows how significant the energy aspect is. 

Renewable energy sources can therefore significantly improve energy efficiency and the environmental performance of 

production on an industrial level. 

As to the LCA study, we believe evidence is provided that the methodology can definitely help explore and identify 

opportunities in circular product re-design and development. 

 

Keywords: ceramic tile, life-cycle-assessment, circular-economy, sustainability, eco-design  
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1. Introduction  

“The transition to a more circular economy, where the value of products, materials and resources is maintained in the economy 

for as long as possible, and the generation of waste minimised, is an essential contribution to the EU's efforts to develop a 

sustainable low carbon, resource efficient and competitive economy” (European Commission, 2015): several action plans are 

carried out within the European Union to reduce waste to landfill and increase material reuse and recycling habits. It proposes 

a clear target for reduction of waste by establishing a long-term path for recycling of 75% of packaging wastes by 2030. 

The WINCER project is an Eco-Innovation EU project (Waste synergy in the production of INnovative CERamic tiles, 

http://www.wincer-project.eu) that builds on these kinds of initiatives and represents an example of good practice in the 

ceramic industry. The WINCER project was developed by Marazzi Group S.r.l. and Centro Ceramico Bologna. It consists of 

an innovative production of a green ceramic tiles with a content percentage of end-of-waste materials (pre- and post-consumer 

wastes) of over 80%. The project promotes industrial symbiosis and allows waste or by-product of one industry to become 

inputs for other ones.  

This paper reports the LCA study conducted by thinkstep in accordance with ISO 14040 and ISO 14044, performed for high 

recycled content of ceramic porcelain tiles within this project in order to evaluate the environmental performance of this 

”green” product.  

The circularity contribution of this WINCER is particularly significant through the use of scrap packaging glass from urban 

glass collection (post-consumer waste) (Rambaldi et al., 2016). This material is secondary material, with no associated impacts, 

as it’s ready-to-use. During the recycling process, the glass is broken and sorted by size, before being re-melted and formed in 

another glass container; during these phases a very fine powder is formed. This powder comes from glass granules that are too 

small to find an application in any industrial processes and therefore usually ends up in landfill without any technological 

application. Several tests demonstrated that these glass scraps work perfectly as a flux that can replace feldspar in the ceramic 

production. This can significantly reduce impacts associated with raw material production in the atomization process.  

For the reasons reported above, the WINCER tile could be considered as a ‘circular product’. In addition to the LCA study, 

the LCA model was used to calculate the Material Circularity Indicator, developed in the Circularity Indicators Project (Ellen 

MacArthur Foundation et al., 2015a) to rate how well a product (or a company) performs in the context of circular economy 

(Ellen MacArthur Foundation et al., 2015a). For the calculation of the Material Circularity rating a designed for purpose GaBi 

tool designed by Peter Shonfield was used (‘GaBi Circularity tool’, Shonfield, P., thinkstep UK). The rating calculated by this 

GaBi tool provides insight in circularity contributions of processes and materials used to produce a product so that a consistent 

and coherent assessment can be made in the decision-making process for product sustainability performance improvement. 

2. Methods 

Goal and Scope 

The goal of the study is the assessment of the environmental impact of an innovative ceramic tile within the WINCER project 

according to ISO 14040 (EN ISO 14040:2009-11 Environmental management - Life cycle assessment - Principles and 

framework) and ISO 14044 (EN ISO 14044:2006-10 Environmental management - Life cycle assessment - Requirements and 

guidelines), the LCA is based on data declared by Marazzi Group and the results shown follow the requirements of  ISO 14025 

(EN ISO 14025:2011-10 Environmental labels and declarations - Type III environmental declarations - Principles and 

procedures) and EN 15804 (DIN EN 15804:2012-04: Sustainability of construction works - Environmental Product 

Declarations - Core rules for the product category of construction products) for EPD.    

The declared unit for this study is 1 kg of Wincer ceramic tiles plus associated packaging, produced in Marazzi Group‘s plants, 

located in Sassuolo and Fiorano, and used as tiles for walls and floors providing a decorative and hard-wearing surface.  
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Wincer tile production is still in the development phase, so this report refers to a “cradle-to-gate” study with only 

manufacturing phases included. The system boundary of the EPD follows the modular design defined by EN 15804, a standard 

for construction product, the modules includes in this study are A1 (raw material production), A2 (transport to the factory 

plant) and A3 (manufacturing). Production of machines, facilities and infrastructure required during manufacture are excluded 

from the assessment as these impacts will be trivial compared to the process impacts.  

All primary data are collected for the year 2016. All secondary data come from the GaBi 2017 databases and are representative 

of the years 2011-2016. In some cases, specific data for Wincer production was not available at a disaggregated level, so 

various allocation rules have been applied based on the site and on specific manufacturing departments. For this study, all 

known inputs and outputs have been accounted for and modelled. The only exception is for polyelectrolytes used in the water 

treatment which are used in quantities that amount to less than 0,001% of the mass input to the unit process. Therefore, this 

study conforms to the cut-off criteria requirements of EN 15804. 

The environmental impact assessment categories are based on the CML methodology (CML 2001 – April 2013). 

The LCA model was created using the GaBi 8 Software system for life cycle engineering, developed by thinkstep AG. The 

GaBi 2017 LCI database provides the life cycle inventory data for several of the raw and process materials obtained from the 

background system. 

Product System 

Porcelain is a particular kind of nonporous vitreous or semi-vitreous ceramic fired at high temperature, tiles produced are 

usually manufactured by using a dry-pressing system and traditionally using raw materials such as feldspar, clay, silica sand 

and rhyolite for the main part.  

The ceramic manufacturing is a process that starts with the required composition of raw materials that is mixed and wet milled 

in a continuous milling adding water and deflocculant to form a slurry; the slurry is then sent to a spray dryer, producing a dry 

powder using thermal energy and an atomizer at high air pressure through a vortex of hot air, in order to disperse the slurry 

and form uniform granules ready to be pressed and shaped. This pressed mixture is then dried (temperature 470-570 K) and 

glazed. The firing phase take place at the temperature of 1470 K in order to give the typical ceramic tile features of abrasion 

resistance, low water absorption and longevity. At the end of the process, before the storage and packaging phases, tiles are 

cut and grounded at the desired size. 

In the Wincer Project, Marazzi Group and Centro Ceramico have developed a ceramic tile with the same technical and aesthetic 

performances of a traditional tile but using a high percentage of secondary materials. Figures 1 and 2 show the composition of 

a traditional ceramic tile and WINCER tile. 

 

Figure 1: Average composition of a traditional ceramic tile; Figure 2: WINCER tile composition 
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The production process starts with mixing glass wastes, clay and ceramic wastes from other productions that are milled in a 

continuous milling machine with ground water to form a slurry. The glass used in Wincer becomes very useful in ceramic 

production: glass scraps can replace feldspars, and, thanks to their very small dimension, it is possible to reduce the milling 

time, so less energy consumption is required during this phase. The slurry produced is then sent to spray dryer, producing a 

dry powder, using thermal energy and an atomizer at high air pressure through a vortex of hot air to disperse the slurry and 

form uniform granules ready to be pressed and shaped.  

The firing phase takes place at the temperature of 1290 K (instead of 1470 K as for a usual porcelain tile production, saving 

thermal energy) in order to give the typical ceramic tile features of abrasion resistance, low water absorption and longevity. 

At the end of the process, before the storage and packaging phases, tiles are cut and ground to the desired size. 

The milling and the spray drying stages take place in Sassuolo: there are available data referring only to this production (as 

electrical and thermal energy), and data to be allocated, as emissions and production wastes, because they are available on 

yearly basis. These quantities are allocated by mass to the Wincer production based on the yearly production of the spray dried 

mixture. 

The glaze production, the firing and all the other production steps take place in Fiorano, so allocation by mass has been 

performed based on total Fiorano production. Allocated data include energy (electrical and thermal), emissions, operating 

water and production wastes. Electrical energy is produced on site (by a turbine) and some of this is sent to the grid. When 

modelling electricity impacts only the direct impacts of electrical energy from the Italian grid mix net of the self-produced 

amount are considered. 

An internal loop is used inside the software model, to represent the production of unfired wastes (the so-called “scarto crudo”) 

and the immediate reuse of it.  

Wastewater outside the production process is treated directly by Marazzi Group and it is completely recovered. In Wincer 

production the water used is clean ground water, so it is not possible to loop such water back, but different percentages of this 

water in different departments are sent to a water treatment to be internally recovered in other kinds of production operations 

(not part of Wincer production). This water sent to recycling to be re-used is considered in this LCA as a “material for 

recycling”.  

Overall, for module A1-A3, no credit is applied to recovered materials or energy from waste treatment. 

Material Circularity Indicator 

Material Circularity Indicator (MCI, Ellen MacArthur Foundation et al., 2015b) measures how restorative the material flows 

of a product are. It aims to represents a methodology to estimate the ‘circularity’ of a product and the range values is 0 to 1, in 

which zero represents a total linear product (made of virgin material and end up to landfill) and 1 a total circular product (made 

completely of secondary materials and completely recovered at the end of life). The indicator was developed in Circularity 

indicators Project (Ellen MacArthur Foundation et al., 2015a) and focuses only on technical cycles and materials from non-

renewable resources. MCI is based on a combination of three main factors: virgin raw materials used (V), amount of 

unrecoverable waste (W) and utility factor (X) linked to length and intensity of the product’s use, considering parameter as 

recycling processes efficiency, or recycled feedstock in a product. MCI does not consider what kind of materials are or does 

not provide information on other impacts of the product, but it is possible using an approach that use MCI in combination to 

complementary indicators, risk indicators and impact indicators types. In this project a complete LCA study is available to 

complete the environmental analysis of WINCER and so no complementary indicators are calculated. 

In this paper we present how we calculated MCI of WINCER tile using the same model set up for the LCA study and obtain 

from it the values to calculate the ‘product circularity’. To do this we used a tool improved by thinkstep, ‘GaBi Circularity 

tool’, internally developed by P. Shonfield (thinkstep UK): this tool permits to add standard auxiliary processes that collect 
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amount for circularity index (like amount of input raw materials, input recycled content, output material for recycling, end of 

life material to landfill, etc..) that it is possible linked directly to the flows of the GaBi LCA model in a very user friendly and 

direct way. Once the model is modified properly, it is enough run the tool on the balance to obtain the circularity indicators 

and the MCI. 

3. Results and Discussion 

LCA Results 

This chapter contains the results for the impact categories and additional metrics defined following EN 15804 and shown for 

module A1, A2 and A3. Table 2.1, 2.2 and 2.3 show the LCA results: 

Table 2.1 Results for Environmental Indicators, referred to 1 kg of packed product 

ENVIRONMENTAL INDICATORS: Referred to 1kg of packed tile 

Parameter Unit A1 A2 A3 A1-A3 

GWP [kg CO2-Eq.] 0,45 1,50E-02 -1,80E-02 0,45 

ODP [kg CFC11-Eq.] 3,40E-12 4,53E-14 2,60E-13 3,71E-12 

AP  [kg SO2-Eq.] 6,53E-04 1,03E-04 4,56E-05 8,02E-04 

EP [kg PO4
3-- Eq.] 6,03E-05 1,48E-05 1,08E-05 8,60E-05 

POCP [kg Ethen Eq.] 8,14E-05 -5,50E-06 5,67E-06 8,16E-05 

ADPE [kg Sb Eq.] 2,76E-05 1,37E-09 5,23E-08 2,76E-05 

ADPF [MJ] 6,88 0,20 0,27 7,35 

Caption: GWP = Global warming potential; ODP = Depletion potential of the stratospheric ozone layer; AP = Acidification potential of 

land and water; EP = Eutrophication potential; POCP = Formation potential of tropospheric ozone photochemical oxidants; ADPE = Abiotic 
depletion potential for non-fossil resources; ADPF = Abiotic depletion potential for fossil resources 

 

Table 2.2 Results for Resource Use, referred to 1 kg of packed product 

 
RESOURCE USE: Referred to 1kg of packed tile 

Parameter Unit A1 A2 A3 A1-A3 

PERE [MJ] 0,91 1,40E-02 0,80 1,72 

PERM* [MJ] 0 0 0 0 

PERT [MJ] 0,91 1,40E-02 0,80 1,72 

PENRE [MJ] 7,04 2,06E-01 0,29 7,53 

PENRM* [MJ] 0 0 0 0 

PENRT [MJ] 7,04 2,06E-01 0,29 7,53 

SM** [kg] 0,85 0 0 0,85 

RSF** [MJ] 0 0 0 0 

NRSF** [MJ] 0 0 0 0 

FW [m³] 1,00 2,30E-02 0,86 1,88 

*Reference to unpacked product 
**Reference only to foreground data 

 

Caption: PERE= Use of renewable primary energy  excluding renewable primary  energy resources used as raw materials; PERM= Use of 
renewable primary energy  resources used as raw materials;  PERT=Total use of renewable primary energy  resources;  PENRE= Use of 

non-renewable primary energy  excluding non-renewable primary  energy resources used as raw materials; PENRM= Use of non-renewable 

primary energy  resources used as raw materials;  PENRT=Total use of non-renewable primary energy  resources; SM= Use of secondary 
material; RSF=Use of renewable secondary fuel; RNSF=Use of non-renewable secondary fuel; FW= Use of net fresh water 

 

Table 2.3 Results for Output flows and waste categories, referred to 1 kg of packed product 

OUTPUT FLOWS AND WASTE CATEGORIES: Referred to 1kg of packed tile 

Parameter Unit A1 A2 A3 A1-A3 

HWD [kg] 3,58E-09 8,47E-09 4,45E-09 1,65E-08 

NHWD [kg] 1,33E-02 2,34E-05 1,90E-02 3,23E-02 

RWD [kg] 6,11E-05 2,80E-06 6,53E-06 7,04E-05 

CRU* [kg] 0 0 0 0 

MFR [kg] 0 0 0,44 0,44 

MER [kg] 0 0 0 0 

EEE [MJ] 0 0 0 0 

EET [MJ] 0 0 0 0 

*Reference only to foreground data 

 

Caption: HWD = Hazardous waste disposed; NHWD = Non-hazardous waste disposed; RWD = Radioactive waste disposed; CRU = 

Components for re-use; MFR = Materials for recycling; MER = Materials for energy recovery; EEE = Exported electrical energy; EET = 

Exported thermal energy 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

489



In tables 2.4, 2.5 and 2.6 results are also shown for 1 m2 of tile. 1 m2 of tile surface plus associated packaging; this has an 

average weight of 22,7 kg, and the average thickness is 9,5 mm. 

Table 2.4 Results for Environmental Indicators, referred to 1 m2 of packed product 

 
ENVIRONMENTAL INDICATORS: Referred to 1m2 of packed tile 

Parameter Unit A1 A2 A3 A1-A3 

GWP [kg CO2-Eq.] 10,28 0,34 -0,41 10,21 

ODP [kg CFC11-Eq.] 7,71E-11 1,03E-12 5,89E-12 8,40E-11 

AP  [kg SO2-Eq.] 1,48E-02 2,34E-03 1,03E-03 1,82E-02 

EP [kg PO4
3-- Eq.] 1,37E-03 3,36E-04 2,45E-04 1,95E-03 

POCP  [kg Ethen Eq.] 1,84E-03 -1,25E-04 1,28E-04 1,85E-03 

ADPE [kg Sb Eq.] 6,24E-04 3,12E-08 1,19E-06 6,26E-04 

ADPF [MJ] 1,56E+02 4,51 6,19 1,67E+02 

 

Table 2.5 Results for Resource uses, referred to 1 m2 of packed product 

RESOURCE USE: Referred to 1m2 of packed tile 

Parameter Unit A1 A2 A3 A1-A3 

PERE [MJ] 20,60 0,31 18,14 39,06 

PERM* [MJ] 0 0 0 0 

PERT [MJ] 20,60 0,31 18,14 39,06 

PENRE [MJ] 159,43 4,67 6,56 170,67 

PENRM* [MJ] 0 0 0 0 

PENRT [MJ] 159,43 4,67 6,56 170,67 

SM** [kg] 19,36 0 0 19,36 

RSF** [MJ] 0 0 0 0 

NRSF** [MJ] 0 0 0 0 

FW [m³] 22,75 0,52 19,41 42,68 

*Reference to unpacked product 

**Reference only to foreground data 

 

Table 2.6 Results for Output flows and waste categories, referred to 1 m2 of packed product 

OUTPUT FLOWS AND WASTE CATEGORIES: Referred to 1m2 of packed tile 

Parameter Unit A1 A2 A3 A1-A3 

HWD [kg] 8,10E-08 1,92E-07 1,0E-07 3,74E-07 

NHWD [kg] 3,02E-01 5,29E-04 4,30E-01 7,314E-01 

RWD [kg] 1,38E-03 6,35E-05 1,48E-04 1,60E-03 

CRU* [kg] 0 0 0 0 

MFR [kg] 0 0 9,99 9,99 

MER [kg] 0 0 0 0 

EEE [MJ] 0 0 0 0 

EET [MJ] 0 0 0 0 

*Reference only to foreground data 

 

The main contribution to total production impacts from the cradle to gate processes is due to the A1 module for any impact 

indicator. This module considers both the energy and the raw materials production (as clay, chemical compounds, pigments, 

etc.). Transports module, A2, has noticeable contributions to two indicators EP and AP and is due to both the production of 

the fuel and the emissions related to its combustion. Global production module, A3, contributes to EP, POCP and ODP because 

of paper/cardboard production for packaging. ADPe is mainly influenced by inks and ADPf by energy production processes, 

both belonging to A1 module. 

The results overview presented above indicates the contribution of the different modules, Figure 2.1 shows in detail the 

contribution of the main processes, as energy, emissions or raw materials production. 
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Figure 2.1: Relative contribution of main process phases to different environmental indicators 

The main contributor to Wincer tiles production is due to the energy consumption in almost all impact indicators. However, 

the main contributing processes change if we consider different departments, Figure 2.2 and 2.3 show in more detail the 

different contributions and compare the atomized powder and the glaze production. 

  

Figure 2.2 Relative contribution of processes within ATM and glazes production 

Energy consumption is due mainly to the atomization process and to the global production that includes: firing, drying, 

washing, water treatment, packaging and storage. 

This is of interest because the impacts associated with the atomization process are usually lower than this for typical products 

made by the Marazzi company. This can be partly explained by the nature of the production process and for the physical 

characteristic of the mixture. The manufacturing is currently in a pilot production phase where systems have not been optimised 

for mass production and any machinery used for WINCER (like mills and furnaces) needs to be cleaned in a very high level, 
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because even also a little scraps of others production line could foul up this mixture: energy consumption would not be 

expected to be like the average standard production where different technologies are used. It should also be noted that the 

Sassuolo plant does not have a CHP plant, so impacts would be lower if the atomized powder was produced in another Marazzi 

plant (i.e. Fiorano). Another aspect regards the physical characteristic of the mixture, the glass powder influences a lot two 

phases: milling time and firing time and temperature. There are not available data to consider several scenarios on the energy 

consumption linked to these steps, but the amount of glass powder permits quicker milling time and at the same time less 

temperature of furnace, aspects that in a big scale industrial production would be taken into account for sure. 

As shown in the figure above (glaze versus atomized powder production, Figure 2.2), it is evident that while for glaze 

production the main impact contributor is the raw materials production, in case of the atomized powder production the main 

contributor to impacts is the energy production processes and for EP and AP the contribution from transportation is relevant. 

For ADPe indicator the principal contributor is the thinner. 

The other important contributor to the impact indicators is linked to raw materials. The two phases that most influence the 

impacts are the glaze and the ink production, in particular with reference to AP (Figure 2.3) and to ADPe (Figure 2.4) 

indicators. 

 

Figure 2.3 Contribution to Acidification Potential (AP) 
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Figure 2.4: Contribution to Abiotic depletion potential for non-fossil resources (ADPe) 

Glazes and inks used in this production contain several metal oxides and the production of some of them (as cobalt or antimony) 

have a high impact related to AP and ADPe indicators. Ink’s impact is quite considerable for some impact categories such as 

AP and ADPe, while glaze production contributes to ADPe indicator because of a small amount of lead. 

Sensitivity analysis  

Changing the value of some primary data, like secondary materials used (such as unfired wastes and glass scraps) and clay 

amount, the answer of the system in terms of impacts has been evaluated. These parameters have been evaluated so to identify 

the changes occurring in case of a change in the recipe.  

Another parameter object of this analysis is the firing consumption, both as natural gas and electricity consumption, as it 

depends on the type of mixture at issue. In this case a variability of ± 5% is considered in order to evaluate possible 

improvements. The Table 2.7 shows the variations considered and how the results of this study are influenced by them.  

Table 2.7 Sensitivity analysis results 

  
Unfired waste Glass scraps Clay 

Firing EE 
consumption 

Firing natural 
gas 

consumption 

  -5% 5% -5% 5% -5% 5% -5% 5% -5% 5% 

GWP [kg CO2-eq.] -3,54E-03 3,54E-03 -0,12 0,12 -0,05 0,05 -0,13 0,13 -1,53 1,53 

ODP [kg CFC11-eq.] -4,98E-05 4,98E-05 -4,99E-03 4,99E-03 -0,06 0,06 -0,21 0,21 -0,11 0,11 

AP [kg SO2-eq.] -8,30E-03 8,30E-03 -0,19 0,19 -0,50 -0,50 -0,09 0,09 -0,65 0,65 

EP [kg (PO¬4)3-- eq.] -3,00E-02 3,00E-02 -0,43 0,43 -0,54 0,54 -0,10 0,10 -0,76 0,76 

POCP [kg Ethen eq.] -1,00E-02 1,00E-02 0,56 -0,56 -0,29 0,29 -0,13 0,13 -1,57 1,57 
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It is evident that the major sensitive parameter is linked to the firing phase, either for electricity either for thermal energy, this 

analysis confirms the influence of energy consumption. 

A further analysis has been performed to evaluate how impacts are affected by replacing feldspar with glass scraps during 

production of atomized powder raw materials. A typical recipe for porcelain tile (melting material around 38%) has been 

evaluated and the impact of atomized powder raw materials production relative to the overall A1-A3 contribution has been 

highlighted in comparison to the Wincer contribution (glass powder up to 50%). In Table 2.8 the relative contribution of the 

atomized powder production (only raw materials production) is shown as a percentage of the overall A1-A3 contribution (A1-

A3 is 100%). As shown in the table, the relative contribution of the atomized powder production compared to the overall tile 

production impacts in case of a Wincer tile is much lower than an average porcelain tile produced by Marazzi Group. The 

range of typical porcelain tile presents two values because it is considering an average production of a relevant number of 

different products, so the extreme values are reported. 

Table 2.8 Sensitivity analysis results 

  Typical porcelain tile* WINCER tile 

GWP [kg CO2-eq.] 24%-25% 1,09% 

ODP [kg CFC11-eq.] 69%-75% 0,43% 

AP [kg SO2-eq.] 54%-56% 2,80% 

EP [kg (PO¬4)3-- eq.] 26%-27% 3,35% 

POCP [kg Ethen eq.] 37%-39% 2,08% 

*The value for typical porcelain tile are taken from the EPDs published in 2016 from Insitut Bauen und Umwelt e.V. (IBU): 

Ceramic tiles – Unglazed porcelain tiles (Casiglie’s Plant) Marazzi Group Srl (EPD-MAR-20160003-IBC2-EN), Ceramic tiles 

– Glazed porcelain tiles (Casiglie’s Plant) Marazzi Group Srl (EPD-MAR-20160004-IBC2-EN) 

 

Interpretation 

In summary energy production processes are responsible for majority of impacts for most indicators. This can be explained as 

due to the atomization process taking place in a plant where a cogeneration system was not present and for a pilot production 

that is different from a standard production, where certain economies of scale cannot be reached. This trend is also in line with 

a production in which the main raw materials are recycled materials, such as the glass scraps, for which no impacts are 

associated with their production. 

Some impacts are linked to the glazes and inks production used in the given product – these particularly contribute to ADPe 

and AP impact categories. This is because some glazes and pigments used for Wincer tiles contains oxides produced with 

industrial processes having high impacts (like cobalt, antimony or lead oxides). 

Assumptions and limitations 

Where it is not possible to know the real composition of materials in the supply chain (due to commercial or industrial 

confidential suppliers’ reasons or due to missing datasets) these have been approximated with LCIs of similar materials or 

estimated by the combination of available dataset. The proxies used are linked mainly to some chemical compounds: some of 

them (such as the phosphate used in the thinner and the oxides used in glazes and ink) were used because of the lack of the 

exact dataset in GaBi database, and others (organic esters and ethers used in inks) because of specific information that was 

missing from the technical data. 

The approach used is a conservative one, overestimating burdens to prove irrelevance. In other cases, proxy data were selected 

based on the practitioners’ scientific experience and knowledge as being manufactured using similar production processes, 

raw materials, etc. 
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MCI Results 

The WINCER life cycle covers only cradle-to-gate stages, but to calculate properly the MCI we added the stage of End of 

Life, that was not considered in LCA study. In this stage we do not consider the relative associated impacts as for the others 

life cycle stage, but we used this plan only to calculate the different amounts of materials needed to obtain a consistent MCI. 

The materials considered in this phase are the packaging materials (Cardboard, Wooden pallets and plastics) and the tile 

dismantled. The data relative to the waste treatment were chosen basing on national statistic for packaging materials (CONAI 

statistics) and for construction product (FISE UNIRE, 2017). 

Two different scenarios (1 and 2, reported in Table 2.9) are calculated: 

• Scenario 1: Original WINCER receipt  

• Scenario 2: Considers an incrementing of secondary materials and a reduction of raw clay: 

- + 5% of raw scraps internally recovered  

- + 5% of glass scraps externally recovered 

- - 5% of virgin clay 

Tables 2.9 show the results for MCI indicator for both scenarios 

Metric Unit Scenario 1 Scenario 2 

Feedstock characteristics       

Mass of product, M kg 1 1 

Mass of raw materials, M' kg 6,857 6,858 

Mass of feedstock from recycled sources, MR kg 2,22E-03 2,22E-03 

Mass of feedstock from reused sources, MU kg 5,62 5,77 

Fraction of feedstock from recycled sources, FR = MR/M' - 3,24E-04 3,24E-04 

Fraction of feedstock from reused sources, FU = MU/M' - 0,82 0,84 

Mass of virgin feedstock, V' = M'*(1-FR-FU) kg 1,24 1,09 

(Check: mass of virgin feedstock, V = M-MR-MU) kg 1,24 1,09 

  

Non-recovered waste characteristics       

Mass of waste from recycling of feedstock not in final product, W'F kg 1,00E-04 1,00E-04 

Mass of waste from recycling manufacturing waste, W'C kg 0,04 0,04 

Mass of non-recovered waste from manufacturing, W'O kg 0,837 0,837 

Mass of waste from recycling feedstock in final product, WF kg 1,75E-05 1,75E-05 

Mass of waste from recycling at EoL, WC kg 0,03 0,03 

Mass of non-recovered waste at EoL, WO kg 0,07 0,07 

Total mass of non-recovered waste, W' = W+W'O+(W'F+W'c)/2 kg 0,94 0,94 

  

Linear Flow Index       

Linear Flow Index, LFI' = (V'+W')/(2M+(WF-WC)/2+(W'F-W'C)/2) - 0,16 0,15 

  

Utility       

Product lifetime, L unit of time 60 60 

Industry average lifetime, LAV unit of time 60 60 

Product intensity, U - 1 1 

Industry average intensity, UAV - 1 1 

Utility, X = L/LAV*U/UAV - 1 1 
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Factor, F(X) = 0.9/X - 0,9 0,9 

  

Material Circularity Indicator       

Material Circularity Indicator, MCI'P = max(0,1-LFI'*F(X)) - 0,86 0,87 

 

4. Conclusions 

Energy consumption is the main driver for most impact categories. A way to reduce the impacts coming from power 

consumption is by improving the equipment in Sassuolo (for instance by introducing an efficient cogeneration system) as in 

Sassuolo there is not any CHP system. Another way to improve energy consumption performance, is testing further formulae 

that could be used to optimize energy consumption during the milling, firing and atomization phases. It has become known 

that by playing with volume of glass, raw material and viscosity permits to obtain time reduction in the milling step or in lower 

temperature in the firing process. It should be noted that power consumption in a pilot production is usually higher than in a 

real production environment.  

The main contributions to raw materials impacts regard the two indicators ADPe (Abiotic Depletion Potential for non-fossil 

resources) and to AP (Acidification Potential) indicator, both are related to ink and glazes production that contains mineral 

oxydes. Due to the high percentage of secondary materials used in the recipe, the highest contribution to impacts because of 

atomized powder production is only 3% for EP indicator (much lower than an average tile where the impact of production of 

raw materials for atomization can reach an EP impact of up to 26%, and an AP impact up to 56% of the overall impact in A1-

A3). 

If we consider an MCI about 0,86 (1 is the highest achievable score), it is definitely a confirmation of the WINCER tile 

showing excellent environmental performance in material use.  

The study showed that WINCER could be considered a realistic way to make a greener ceramic tile in an industrial production 

process. The environmental performance could be improved by testing different formulae of the mixture, changing the nature 

of glazes and ink and implementing energy efficiency measures (using a CHP system and migrating manufacturing from a 

pilot to an industrial scale). 

In addition, the two performance assessment methodologies used (LCA and MCI), show how these methodologies can be 

instrumental in comparing different production and materials use scenarios, so to optimize the overall environmental and 

circularity performance of a product. Besides that, it is clear that a significant amount of development time and cost can be 

saved by using these methodologies / tools.  

A real, consistent and complete overview of a product system should be ever ‘kept in mind’ if we would like to improve 

environmental, economic and social future human actions. If a sustainable world that works basing on a circular economy is 

the target, MCI could be a very effective, easy and direct indicator, but several ways exist to approach circular systems for the 

same product: LCA is one of the most reliable and suitable tool to choose the best one. 

References 

Ellen MacArthur Foundation and GRANTA design 2015a “Circularity indicators – Project Overview, An approach to 

measuring Circularity. Project Overview 

Ellen MacArthur Foundation and GRANTA design 2015b “Circularity indicators – Methodology, An approach to measuring 

Circularity. Project Overview 

Rambaldi, E., Fazio, S., Prete, F., Bignozzi, M.C., “Innovative ceramic tile mixes: 100% green”, cfi-Ber. DKG, 2016, E57-

E60. 

European Commission, Brussel 2015, “Closing the loop – an EU action plan for the Circular Economy”  

Fondazione per lo sviluppo sostenibile, FISE UNIRE, 2017, “L’Italia del riciclo 2017” 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

496



WINCER project, ECO/13/630426, Co-founded by the Eco-innovation Initiative of the European Union, www.wincer-

project.eu 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

497



Life Cycle Assessment of a  
Non-Hazardous Industrial Waste Treatment System  

 

Notarnicola B.1, Tassielli G.1, Renzulli P.A.1, Lasigna F.2, Leone G.2, Di Capua R.1 

1 Ionian Department of Law, Economics and Environment, University of Bari “Aldo Moro”, Taranto, Italy, bruno.notarnicola@uniba.it 

2 Italcave S.p.A, Taranto, Italy, tecnici.discarica@italcave.it 

 

Abstract 
One of the most used tools for assessing the potential environmental impacts of waste management systems is Life Cycle 
Assessment. This tool is particularly useful when it is applied to landfill waste as it aims to estimate the related long-term 
emissions of the landfill over an extended time period that takes into account the years following the landfill closure. The 
purpose of this work is to present the life cycle assessment of the most important production system of a multi-sector 
company located in the Taranto Province, namely a Non-Hazardous Industrial Waste treatment system. For the landfill gas 
modelling, data on the composition of the waste entering the landfill was used in order to calculate the amount of biogenic 
carbon that will undergo a biodegradation process. The time frame for the emissions modelling includes the thirty years 
following the landfill closure. More complex is the estimate of landfill leachate production for which simplified hypotheses 
were made. The life cycle impact assessment of the system analysed indicates that the waste disposal phase and third-party 
transport are the most impacting life cycle stages. The hotspot of the landfill management phase is represented by the 
atmospheric emissions of the uncaptured landfill biogas that contributes noticeably to the potential climate change due to 
biogenic methane emissions. The other critical processes of this phase are represented by the clay used to cover the landfill 
waste and the third-party leachate treatment. The approach followed for the application of this LCA is that indicated by the 
European Commission which entails LCA as a means to measure the environmental profile and burdens of an organisation. 
The results of the present work together with future ones of the LCAs of all the organization’s production systems, will be 
used to implement the Organisation Environmental Footprint tool to measure the environmental profile of the entire 
organisation and to improve it through the use of possible technological solutions for environmental impact mitigation.  
 
Keywords: Organisation Environmental Footprint (OEF), Life Cycle Assessment (LCA), sustainable supply chain, biogas and 
landfill leachate modelling, environmental impacts mitigation 

1. Introduction  

The economic development of the last few decades and the environmental impact of the production processes has pushed 

managers and decision makers to resort to industrial ecology tools that allow the assessment of the entire life cycle of 

products and services from an environmental point of view in order to face a series of global challenges such as waste 

management and the scarcity of resources (Lieder and Rashid, 2016). One of the most used tools for the analysis of the entire 

life cycle of products/services is Life Cycle Assessment (LCA). The LCA methodology is an objective procedure that allows the 

assessment of the environmental loads associated with the system throughout the entire life cycle, starting from the 

identification and quantification of energy consumption, materials and emissions in air, water and soil (ISO, 2006a, 2006b). 

Today the LCA has become the most widespread environmental management analytical tool, supporting different 

environmental certifications such as the Environmental Product Declaration (EPD), the Product Environmental Declaration 

(PEF) and the Organization Environmental Declaration (OEF).  

The specific objective illustrated in this paper is to carry out an LCA of the Non-Hazardous Industrial Waste (NHIW) treatment 

system (Italcave, 2016) of a medium-large company in the Taranto Province. The study of this system arises from company’s 

need to highlight the critical points of the waste disposal system and the need to identify appropriate measures to mitigate 

the environmental impacts associated to the entire production cycle. The LCA study of the waste disposal system will be, in 

the future, integrated with the LCA study of the company's other activities (a system for the extraction and processing of 

calcareous aggregates, goods handling facilities on the dock of the Taranto port and a temporary storage of solid fuel 

products)  with the aim of implementing an Organisation Environmental Footprint (OEF) study following the scheme of the 
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Recommendation 179/2013 of the European Commission (EC, 2013a), with the scope of reducing the environmental impacts 

of the different activities in the supply chain (EC, 2013b). 

2. Method 

The function performed by the analysed system is the treatment of waste for disposal, for which a ton of incoming industrial 

waste is defined as the functional unit. The system was divided into main processes, for each of them data were collected 

concerning materials and energy consumption and pollutant emissions in air, water and soil.  

The study follows a "cradle to grave" approach whose life cycle stages considered include the processes illustrated in Figure 

1. The system boundaries of the analysed system include the waste supply and transport to the plant located in the Statte 

municipality, the weighing, the inerting treatment of sewage sludge before landfilling, the landfill management, the energy 

recovery from landfill gas (LFG) and its burning in torches, the landfill post-management phase and the ordinary maintenance 

of the plant and vehicles. The analysis also accounts for the extraction and processing of raw materials and their transport 

to the plant and the treatment of process waste to be disposed. Concerning the waste which is recovered, only the 

environmental impacts of transport from the plant to the site of treatment are considered. The waste NHIW treatment 

system (landfill) is assigned 45% of the material flows, energy and emissions of the central offices and the workshop whose 

services and utilities are shared between the landfill, the calcareous aggregates processing plant and the site for the 

temporary storage of bulk goods. 

 

Figure 1. Flow chart of Non-Hazardous Industrial Waste (NHIW) treatment system – year 2016 

For each life cycle phase of the analysed system, primary data, referring to the year 2016, were collected directly from the 

company and secondary data were extracted from LCA databases (mainly Ecoinvent) and other literature sources. During 

2016, 547,701 tons of NHIW were disposed of.  
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The main aspects encountered during the set-up of the landfill LCA model concern the estimation of long-term emissions 

represented by biogas and landfill leachate. LFG originates from the anaerobic degradation processes of the biodegradable 

organic fraction of the NHIW and its quantification is strictly linked to the chemical-physical composition of the waste 

disposed. The landfill leachate is a liquid that mainly derives from the infiltration of water into the mass of the waste or from 

its decomposition. Leachate production quantification over time is a very complex estimate that depends on numerous 

factors such as the geomorphological characteristics of the landfill, atmospheric precipitation and the composition of the 

waste disposed (Astrup et al., 2006). Numerous LCA studies applied to waste disposal systems have faced these aspects by 

resorting to different models and hypotheses (Laurent et al., 2014). In the present case study specific assumptions were 

formulated for the estimation of landfill emissions, considering that landfill is equipped with a biogas and leachate collection 

system. 

The hypothesis and assumptions taken as reference in this study concern a series of aspects including temporal coverage, 

electricity mix and transport, carbon balance for biogas production estimation.  

Regarding the time coverage of the study, the NHIW treatment system is structured as a short-term LCA as suggested by the 

EPD's Product Category Rules (PCR) for waste management systems (EPD, 2008) for which only the environmental impacts 

related to the operational management phase are considered together with those post-management phase (30 years after 

closure). The environmental effects that may occur even after hundreds of years from the closure of the landfill are omitted. 

The inventory of electric energy use refers to the Italian electricity mix (MISE, 2015). The Ecoinvent and ELCD databases were 

used for the inventory modelling of all transports inside and outside the waste treatment system. The inventory data of third 

party transport takes into account the type of transport (mainly trucks and semi-trailers), the waste net weight transported 

and the distances travelled. For all activities related to the internal handling of waste, site-specific data on the diesel 

consumption of each vehicle used in 2016 were considered. 

For the estimate of biogas production over a period of thirty years, it was necessary to draw up the carbon balance in and 

out of the waste disposal system with reference to the waste sent to landfill in 2016. To draw up this balance, firstly the 

quantity and origin of the incoming carbon was estimated, considering the site-specific composition of the waste. Following 

the guidelines of the Intergovernmental Panel on Climate Change (IPCC, 2006) and the Environmental Protection Agency of 

the United States of America (EPA, 2010), the calculation of the carbon transformation in biogas considered only the amount 

of biogenic carbon contained in the disposed industrial waste, of which only 50% is assumed to undergo a biodegradation 

process over a period of 30 years. It is assumed that the biogas produced will be composed of 45% methane and 45% of 

carbon dioxide. Considering the analysis of the site-specific biogas composition, the study hypothesized that other gases are 

emitted from the landfill in quantities equal to 10% of the total volume of biogas emitted from the landfill. Concerning the 

assumptions related to the biogas collection, it is assumed an average capturing value of 75%. By considering site-specific 

data of the production site, it was also assumed that 75% of the captured biogas is burned in torches and 25% is sent to the 

endothermic engine for the electricity production. Given its biogenic nature, the uncaptured CO2 emissions and those from 

the combustion in the torches and the endothermic engine are considered neutral in the characterization phase.  

Regarding the biogas sent to energy production, the study does not consider the credit from electricity production since all 

the environmental impacts are allocated to the waste treatment service. 

Another problem addressed in the study concerns the estimate of the landfill leachate. It is assumed that the leachate 

collected in 2016 represents the amount emitted in the management period of the landfill with reference to the waste 

disposed in 2016. It was also assumed that the same quantity is produced in the post-management period. A 100% collection 

rate of leachate is assumed. The leachate collected and stored in silos is then subjected to third party treatment for the 
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abatement of 90% of the pollutants. The same percentage of pollutants abatement in third party treatment of all process 

wastewater is assumed. The model used in Notarnicola et al. (2007) was implemented for the calculation of the 

environmental impacts linked to the liquid/leachate treatment system, its energy and resources use. According to the PCR 

of the EPD® for solid waste disposal services, the environmental impact of sludge deriving from the leachate treatment is 

not considered. 

The potential environmental impacts evaluation of the waste treatment system is carried out via the International Reference 

Life Cycle Data System (JRC, 2010) - ILCD 2011 Midpoint+ method. In this study, the main impact categories have been 

integrated by Cumulative Energy Demand (CED) (Hischier et al., 2010) since it allows a direct understanding of the system 

primary energy consumption. Normalisation was conducted on a European basis (Benini et al. 2014), whilst the results were 

weighted with equal weights for all impact categories. 

3. Results and Discussion 

3.1    The Life Cycle Inventory of the main foreground processes 

The inventory phase consists of gathering all the input and output data of each process considered within the system 

boundaries. In this paragraph, the main foreground data collected at the waste disposal facility are illustrated. In particular, 

the main inventory data collected at the waste treatment plant and the long-term emission modelling are illustrated. 

3.1.1 Waste entering the plant and biogas and landfill leachate production 

The waste disposed during the year 2016 amounted to 547,701 tons and 93% of these are represented by waste produced 

by treatment plants. As regards to the origin of waste, approximately 100% of the waste comes from production plants of 

the southern Italian regions, mainly Campania and Puglia. The greatest flow of industrial waste arises from the Provinces of 

Bari (21% of total incoming waste), Naples (19%) and Salerno (17%). For the transport of these incoming waste, the emissions 

calculation takes into account the tonne-kilometre (t.km) travelled by the trucks with a load capacity of over 32 metric tons 

(111,633,715 t.km in the year 2016). The composition of incoming wastes was analysed to estimate the biodegradable 

organic carbon content as shown in Table 1. The degradable organic carbon content is calculated as percentage of waste 

weight (IPCC, 2006; EPA, 2010). 

Table 1. Average composition of waste and biogenic carbon content (year 2016) 

Type of incoming waste 
Average 
for year 

2016 

Degradable Organic 
Carbon – DOC content 
(% in terms of mass) 

Plastic 35.7% 4% 

Inert waste 27.8% 4% 

Sewage sludge 23.5% 9% 

Other waste 7.1% 1% 

Mix of all the waste types 4.1% 20% 

Paper 1.1% 40% 

Textiles 0.4% 24% 

Wood 0.3% 43% 

The analysis of the incoming waste composition and the calculation of the total biogenic carbon content in waste disposed 

in 2016, made it possible to draw up the carbon balance in and out of the system illustrated in Figure 2. Carbon flows refer 

to a time period that ends 30 years after the landfill closure. This model was used to quantify emissions of CO2, CH4 e other 

gases from the landfill. The total amount of biogenic carbon contained in the waste sent to landfill in 2016 amounts to 33,819 

tons, of which only 50% represents the amount of carbon (Fraction of Degradable Organic Carbon - DOCF) which effectively 

undergoes biological degradation process which gives rise to LFG. The remaining 50% remains stored in landfill. The DOCF 

will give rise to CO2 and CH4 for a total of 31,572,720 m3. The volume of the other gases emitted, such as oxygen, hydrogen, 
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hydrogen sulphide, ammonia and other inert gases equals 3,508,080 m3. Therefore, the total volume of biogas produced up 

to the 30th year of landfill post-management is 35,080,800 m3. The LFG generated per tonne of disposed NHIW according to 

this model amounts to 64 m3.  

 
Figure 2. Carbon balance in and out of the NHIW treatment system (tons of carbon) - year 2016 

Considering a LFG capture efficiency of 75%, approximately 26,310,600 m3 will be captured and 8,770,200 m3 will be 

released into the atmosphere directly. Table 2 shows the main polluting gases of the uncaptured LFG.  

Table 2. Average composition of LFG emitted to atmosphere (with reference to the waste disposed in 2016) 

Type of gas Quantity (m3) 

Carbon dioxide  3,946,088  

Methane  3,947,092  

Oxygen 212,858   

Hydrogen 87,984   

Hydrogen sulphide 56.1 

Ammonia 7.2  

Hydrochloric acid 2.7 

Other inert gases   576,112  

TOTAL 8,770,200 

As for the collected biogas, it was assumed that only 25% (6,577,650 m3) is used by an endothermic engine for the electricity 

production. The electricity produced up to the post-management period amounts to 11,346,446 kWh for which the related 

environmental credits are taken into account. The remaining 75% (19,732,950 m3) is burned in torches for the conversion of 

methane into carbon dioxide. Table 3 shows the collected biogas entering the torches and the LFG entering the engine and 

the gases deriving from the combustion. 

Table 3. Biogas collected entering the torches and engine and outgoing combustion gases (with reference to the waste 
disposed in 2016) 

Biogas entering the torches Quantity Biogas entering the engine Quantity 

Carbon dioxide (m3) 8,878,697  Carbon dioxide (m3) 2,959,566 

Methane (m3)  8,880,958 Methane (m3) 2,960,319 

Other gases (m3)  1,973,295   Other gases (m3) 657,765 

Gas exiting the torches Quantity Gas exiting the engine Quantity 

Carbon dioxide (m3) 17,775,514 Carbon dioxide (m3) 5,925,171 

Hydrochloric acid (kg) 117.6  Hydrochloric acid (kg) 52.8 

Carbon monoxide (kg) 412.7  Hydrofluoric acid (kg) 10.9 

Nitrogen dioxide (kg) 865.7 Carbon monoxide (kg) 2,113 

- - NOx (kg) 2,839 

- - SOx (kg) 126.3 

- - Dusts (kg) 53.6 
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The leachate produced is collected in storage silos and then sent to treatment for the abatement of pollutants. The 

assessment of potential environmental impacts considers both the emissions of this treatment and the transport with semi-

trailer tanks of thirty cubic meters to the treatment plant located in Bisignano (Cosenza). The initial rainwater (rain collected 

during the first 5 minutes of the downpour) and the purge water of the air treatment plant dedicated to sewage sludge 

inerting are subjected to the same treatment at the same plant. The 2016 leachate production amounted to 46,663 tons is 

assumed to represent the leachate associated to the waste disposed in the landfill during the same year. The same amount 

of leachate will be produced during the 30 years after the closure of the landfill. The leachate collection, that is assumed 

equal to 100%, requires an energy consumption due to the operation of the leachate recovery pumps. This consumption, 

together with that of the exterior lighting, will also be considered for the post-management period.  

3.1.2 Use of raw materials for waste treatment  

The disposal of industrial waste requires the use of certain raw materials. Sewage sludge with a high moisture content is not 

allowed directly in the landfill but must undergo an inerting treatment before being landfilled (D.M. 27/09/2010). The current 

purpose of the treatment, which uses lime as raw material, is to increase the waste dry residue before sending landfilling it. 

The treatment plant and sludge storage areas are connected to a forced air extraction and treatment system. The air 

treatment consists of a filtration via a bag filter and subsequent acid sulfuric acid washing scrubber, and a basic treatment, 

via caustic soda (Italcave, 2017). At the end of the inerting process, the waste is sent for disposal. The landfill is gradually 

filled in stratified lots of waste placed on clay layer, bentonite mantle and polyethylene and polypropylene sheets, and 

subsequently covered with inert material taken from the adjacent limestone quarry owned by the same company. Table 4 

shows the raw materials consumption for inerting treatment and landfill disposal process. 

Table 4. Raw materials consumption for inerting treatment and landfill disposal process (year 2016) 

Raw materials for inerting treatment: 
6,941 tons of incoming sewage sludge Quantity 

Raw materials for waste 
disposal: 547,701 tons of 
incoming waste 

Quantity 

Water for industrial use (m3) 1,090 Limestone (ton) 253,425 

Lime (tons)  530 Clay (ton) 94,950 

Sulfuric acid (tons) 9.57   Bentonite (ton) 125 

Sodium hydroxide (tons) 4.26 Polyethylene sheets (ton) 119 

- - Polypropylene sheets (tons) 12 

3.1.3 Electricity and diesel fuel use of the core processes 

The quantification of electricity consumption of the system core processes refers to the waste disposed in landfills in 2016. 

The electricity consumption also includes that of the post management period of the landfill (up to thirty years after its 

closure). The largest electrical energy consumption occurs during the inerting treatment, mainly due to the operation of the 

air treatment plant, which is responsible of over 47% of the total electricity consumption. 

Table 5. Quantification of electricity consumption of the system core processes (year 2016) 

CORE PROCESS TOTAL VALUE (kWh) 

Incoming waste weighing 14,487 

Inerting treatment  446,423 

Landfill 104,106 

Biogas energy recovery plant 8,317 

Technical offices and services 139,637 

Vehicle washing plant 1,824 

Water pumping 4,994 

Central offices and workshop 50,318 

Post management phase 168,807 

  938,913 
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For all the activities related to the handling of waste within the treatment plant, the data on diesel fuel use of each vehicle 

in 2016 were collected. The total diesel consumption amounts to 417,268 litres and refers mainly to the waste treatment 

operations. 

3.2 Life Cycle Impact Assessment (LCIA) 

The LCIA phase involves calculating the environmental impacts, referring to the whole life cycle of the system, deriving from 

the use of resources and energy as well as emissions into the air, water and soil. The waste treatment system, for which the 

inventory data was collected, has been divided into eight different life cycle stages, namely: 

1) Third party waste transport to the plant; 

2) Weighing of incoming waste; 

3) Internal transport of waste; 

4) Inerting treatment; 

5) Landfill management with gas and leachate collection system; 

6) Technical offices and services; 

7) Central offices and workshop; 

8) Management of the landfill after closure. 

Table 6 shows the characterization phase results of the LCIA for the eight life cycle phases of the system analysed with the 

details of the absolute values of the potential impact indicators referring to one ton of incoming waste (FU).  

Table 6. Absolute values of the potential impact indicators for each of the processes of the system (year 2016) referring to 
one ton of incoming waste (FU) 

 

Figure 3 illustrates characterisation results in terms of the contribution (%) of each life cycle phase to each impact category. 

The most impacting life cycle phases are represented by the landfill management and the third-party waste transport to the 

facility. Climate change (CC) is dominated almost exclusively by the landfill management (with an impact of 92%) due to 

biogenic methane emissions (50%). This phase also contributes to 61% of the Human Toxicity Cancer effects (HTC), due to 

water emissions after the leachate treatment, and 59% of the Photochemical Ozone Formation (POF) due to the emissions 

to air of methane and nitrogen oxides. The third-party transport is noticeable in the Ozone Depletion (OD) impact category 

for 64% of the total and is due to the emission of halogen compounds in the background part of the system. 

Third-party transport when compared to the landfill management phase is about 10-15 percentage points higher in the 

impact categories Cumulative Energy Demand (CED), Human Toxicity Non-Cancer effects (HTNC) and Freshwater Ecotoxicity 

(FEC). 

Impact category Unit Total

01.Third party 

waste 

transport to 

the plant

02.Weighing 

of incoming 

waste

03. 

Internal 

transport 

of waste

04.Inertisation 

treatment

05.Landfill 

management 

with gas and 

leachate 

collection 

system

06.Technical 

offices and 

services

07.Central 

offices and 

workshop

08.Management 

of the landfill 

after closure

Cumulative energy demand MJ eq 567.58 309.11 0.229 4.57 9.57 220.84 6.42 0.805 16.05

Climate change kg CO2 eq 260.89 17.48 0.0146 0.258 0.597 241.11 0.402 0.0512 0.974

Ozone depletion kg CFC-11 eq 5.55E-06 3.54E-06 2.49E-10 5.23E-08 2.67E-08 1.80E-06 3.71E-08 9.21E-10 9.67E-08

Human toxicity, non-cancer effects CTUh 8.44E-06 4.25E-06 1.43E-10 6.27E-08 2.77E-08 3.42E-06 4.23E-08 6.44E-10 6.32E-07

Human toxicity, cancer effects CTUh 1.79E-06 4.56E-07 2.47E-11 6.75E-09 4.54E-09 1.09E-06 5.93E-09 1.37E-10 2.22E-07

Photochemical ozone formation kg NMVOC eq 0.271 0.0986 2.16E-05 0.00145 0.00165 0.159 0.00177 7.61E-05 0.00847

Acidification molc H+ eq 0.208 0.0899 3.78E-05 0.00132 0.00281 0.102 0.00178 0.000134 0.00997

Freshwater eutrophication kg P eq 0.00344 0.00108 7.40E-10 1.60E-05 1.72E-05 0.00196 1.33E-05 3.73E-07 0.000354

Freshwater ecotoxicity CTUe 212.20 110.16 0.000688 1.63 0.626 84.41 1.018 0.00729 14.35
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Figure 3. Characterisation results in terms of the contribution (%) of each life cycle phase to each impact category referring 
to one ton of incoming waste (FU). 

Figure 4 shows the normalized profile of the waste treatment system. The normalised results indicate that the impact 

categories most affected by the system are the HTCE, CC, FEC and HTNC. 

 

Figure 4. Normalised characterisation results in terms of the contribution of each life cycle phase to each impact category 

referring to one ton of incoming waste (FU). 

The weighting phase, carried out with a set of equal weights, illustrated in Figure 5, confirms how the most impacting 

processes are the landfill management phase and the third-party transport of the waste to the plant.  
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Figure 5. Normalised and weighted characterisation results in terms of the contribution of each impact to each category life 
cycle phase referring to one ton of incoming waste (FU). 

Considering the significant environmental impact of the landfill operations, this life cycle phase was analysed in more detail.   

The landfill process divided into sub-phases related to the following materials or operations: 

1) Use of limestone aggregates for waste coverage; 
2) Use of clay; 

3) Use of bentonite; 

4) Use of polyethylene sheets; 

5) Use of polypropylene sheets; 

6) Clay transport; 

7) Bentonite, polyethylene and polypropylene sheets transport; 

8) Limestone aggregates transport; 

9) Diesel fuel use; 

10) Electricity use; 

11) Leachate extraction and treatment; 

12) Non-extracted LFG; 

13) Extraction of LFG burned in torches; 

14) Extraction of LFG used to produce electricity. 

Figure 6 illustrates the absolute values of the impact category indicators, expressed in percentage terms, of the fourteen 

processes that characterize the landfill management phase. The non-extracted LFG (emitted to atmosphere) contributes to 

more than 60% of the potential CC and 33% on the POF, both due to the emission of methane. The extraction of LFG burned 

in torches and the LFG used to produce electricity are responsible for 26% and 9% of the potential CC respectively. 

The potential impacts linked to the collection and treatment of leachate refer both to the operational management phase 

of the landfill and to the post-management phase. Leachate treatment is responsible for 55% of the OD and contributes 

between 30%-40% of the CED, FEU, FEC, HTC, HTNC indicators. These potential impacts linked to the leachate management, 

are to be attributed to a greater extent to the leachate transport from the landfill to the treatment plant and to wastewater 

emissions after leachate treatment. The leachate treatment along with the use of clay and limestone contributes to the AP 

impact category due to the air emissions of nitrogen and sulphur oxides. Another relevant process is the use of clay and its 
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transport that contribute between 40-47% of the HTC, HTNC, FEU and FEC indicators. Figure 7 reports the weighted results 

in terms of impact indicators for each landfill management process. 

 

Figure 6. Characterisation results in terms of the contribution of the landfill management processes to each impact category 

referring to one ton of incoming waste (FU). 

 

Figure 7. Weighted results in terms of impact indicators for each landfill management process referring to one ton of incoming 
waste (FU).  
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3.3 Sensitivity analysis 

The hypothesis considered in the study can potentially generate a certain degree of variability in the results concerning the 

analysed system. For this reason, a sensitivity analysis was performed to verify how the results vary with the change of the 

hypothesised data that influence. The main hypotheses of the study concern the percentage of biogas collection and the 

quantity of leachate collected during the post-management phase. As regards the biogas capture, the scenario with biogas 

capture at 75% was compared with the biogas capture scenario at 50%. Regarding the production of leachate in the post-

management period, a comparison was made between the scenario in which the quantity of leachate collected is equal to 

that produced in the management phase and that in which this quantity doubles.  

Figure 8 and Figure 9 show the environmental impacts and eco-indicators of the current situation with a recovery of 75% of 

biogas and a scenario with a recovery of 50%. A lower recovery percentage implies that there is a 32% increase of the of 

GWP impact category indicator, a significant worsening in POF indicator (+24%), a very slight improvement of Acidification 

(+0.4%) indicator and a stable situation on the other impact categories. The analysis of the two eco-indicators shows that 

there is a worsening of approximately 15% of the environmental impact in the scenario with biogas collection at 50%. The 

system is thus fairly stable and not particularly sensitive to the hypothesised variation of the percentage of the collected of 

biogas. 

 
Figure 8: Comparison between the current situation and the capture scenario of 50% of the biogas 

 
Figure 9: Eco-indicators of the two biogas capture scenarios 
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Figure 10 and Figure 11 report the environmental impacts and the eco-indicators of the starting scenario compared with a 

scenario in which the quantity of leachate collected during the post-management is doubled. The results show that in this 

last scenario there is an increase in the indicator vales that ranges between 8-22%, with the exception of the CC where there 

is a slight improvement of 1.1%. The eco-indicator increases overall by 12%. The results are thus fairly stable and not 

particularly sensitive to the hypothesised increase in leachate production in the post-management phase. 

 
Figure 10: Comparison between the current situation and the leachate doubling scenario 

 

Figure 11: Eco-indicators of the two scenarios related to the hypothesis of leachate production in the post-management 

period 

4. Conclusions 

The application of the LCA methodology to the NHIW treatment system has allowed the identification of the critical points 

of the organisation. The most impacting life cycle phases of system are represented by the management of the landfill and 

the third-party waste transport to the disposal site. The largest impacts of the landfill are related to the atmospheric 

emissions of the non-captured biogas which contributes to 60% of the greenhouse effect due to biogenic methane. It is 

advisable to monitor the emissions from the surface of the landfill with appropriate techniques at global and local level. In 

this case it would be convenient to resort to the use of infrared thermography and accumulation chambers. The application 
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of these technologies would give a more precise indication of which part of the landfill represents a hotspot needing 

measures to prevent GHG emissions to air. The third-party transport of the waste to the treatment facility is not under the 

direct control of the company which commissioned the present study, however, if the regional authorities were to coordinate 

the waste transports and optimise the waste flows among the different treatment of the region, this could reduce the 

distance travelled by the waste and consequently the environmental impacts. 

Regarding the environmental impact of the landfill sub-processes, the study highlighted the need to pay particular attention 

to the use of clay and to the landfill leachate treatment. These two sub-processes impact on different impact categories, but 

to a greater extent on human and aquatic ecosystems toxicity, and the sum of the relative scores exceeds the non-extracted 

LFG phase. The impact of the leachate management activities is primarily due to the transport of the leachate to the 

treatment plant. The impact of this sub-phase could be improved with the use of an on-site treatment plant that would avoid 

the impacts associated to such transport.  

Finally, the present study concerning the environmental assessment of the waste treatment system will in future be 

integrated with those of the other production activities of the company. This will make it possible to assess the 

environmental profile of the entire organization in terms of an OEF.  
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Abstract 

The circular economy is a key issue for any type of company, city or institution. The linear economy model, based on the 

“take, make, use and waste” of products and resources, has discarded potentially valuable resources and caused serious 

pollution problems. In contrast, the circular economy (CE) model is a strategic paradigm whose purpose is to regenerate and 

conserve resources through closed material loops and the sustainable use of energy in its processes.  

Therefore, a growing number of companies are applying different tools and techniques to implement the circular economy 

principles in order to innovate their products, services and processes, and in so doing they are achieving promising results. 

Thus, the main objective of this study is to identify a set of tools and techniques which may be used by SMEs for their 

adaptation to the CE principles. To that end, the paper presents an exploratory study of the use of specific tools and techniques 

by companies in Spain.  

The most relevant result of this study is the identification of a set of tools and techniques that could help SMEs to improve and 

develop more sustainable processes and products. Moreover, this study may serve as guidance in facilitating the adoption of 

eco-innovation practices in SMEs’ transition to a circular economy.  

 

Keywords: Circular Economy, SMEs, tool, techniques, environmental management. 

1. Introduction  

The circular economy (CE) is “an economic system that represents a change of paradigm in the way that human society is 

interrelated with nature and aims to prevent the depletion of resources, close energy and materials loops, and facilitate 

sustainable development through its implementation at the micro (enterprises and consumers), meso (economic agents 

integrated in symbiosis) and macro (city, regions and governments) levels. Attaining this circular model requires cyclical and 

regenerative environmental innovations in the way society legislates, produces and consumes” (Prieto-Sandoval, Jaca, and 

Ormazabal 2018). 

The CE is a cyclic flow of materials and its performance can be summarized in six fields of action: take, transform, distribute, 

use, recover materials and energy from used goods, and industrial symbiosis (Park et al., 2010; Stahel, 2016). Any process for 

improving environmental management must consider these fields of action. 

Although applying the CE implies a paradigm shift in how companies operate, it also involves new opportunities and benefits. 

Small and medium enterprises (SMEs) are particularly relevant because in all countries, as micro-enterprises (up to 9 

employees) dominate the business landscape, accounting for 70% to 95% of all firms (OCDE, 2017). But they have limited 

resources and they are also usually limited by the requirements of big companies, who are frequently their direct customers. 

These circumstances make it particularly difficult to adopt CE principles. 

Thus, the implementation of the CE involves barriers and challenges for society and companies, especially for those who are 

embedded in a linear economic model. Those barriers can be classified into two categories: 1) “hard barriers”, which are 

related to the lack of financial resources, technology, inadequate information systems, etc., and 2) “human-based barriers”, 

which are associated with issues like company leadership or the lack of customer interest in the environment (Ormazabal et 

al., 2018). On the other hand, multiple studies point out the opportunities that arise from a CE model, such as the increase of 
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prestige, cost reduction and financial profitability, recovery of the local environment, and the sustainability of the company in 

the long term (Ormazabal et al., 2018; Rizos et al., 2016). Regarding the CE barriers and opportunities described in the 

literature, there is a challenging research gap in terms of the specific tools and techniques which can help SMEs to develop 

innovative practices towards the CE while taking into account their limitations.  

In this way, the aim of the paper is to provide a set of tools and techniques for each of the six fields of action in the CE (take, 

make, distribute, use, recover and industrial symbiosis) that could help SMEs to improve and develop more sustainable 

processes and products and thus facilitate their transition to a circular economy.  

2. Methods 

Our empirical analysis used the triangulation method, which refers to the use of two or more data sources and the perspectives, 

methodological approaches, theoretical perspectives (Denzin, 1989; Kimchi et al., 1991) and analytical methods (Kimchi et 

al., 1991) of different researchers within one study in order to build an objective analysis (Saunders et al., 2009). In this study, 

we use three different data sources. First, we conducted semi-structured interviews with different department managers, 

including sustainability managers, from Spanish firms. Next we consulted a selection of CE reports, and we then reviewed the 

academic literature and books. Our final step was to analyse general publications and non-academic articles from institutions 

and consultancy firms.  

 

Figure 1. Triangulation sources. 

First, a group of Spanish companies from the industrial sector were selected. The primary criterion for selecting the firms was 

that they must have an environmental certification. This criterion was established because certified firms will have already 

developed incremental or radical environmental innovation processes as a condition to being awarded certification (Ormazabal 

et al., 2017; Prieto-Sandoval et al., 2016). This way we can ensure that we are selecting tools from companies that are working 

on environmental management. More than 20 practitioners, the majority of whom were managers, from different departments 

of a total of 14 companies, were interviewed to obtain information about the application of the circular economy in their 

companies and the tools which are being used for that purpose. As Table 1 shows, interviews were not limited to SMEs, as the 

idea was to find as many tools as possible that could be useful for SMEs.  

Semi-structured interviews (20) 

Reports from 

institutions and 

consultancy firms 

(12) 

Academic literature (34)  
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Table 1. Sample description. 

 Number of 

companies 

Percentage 

Number of employees  

<50  0 0% 

51-150 2 14.3% 

151-250  5 35.7% 

> 250 7 50% 

Firm area/department 

Quality / Environment 9 45% 

Production 6 30% 

Marketing / Product Design / Organizational Communication 1 5% 

Transportation and Distribution Logistics 1 5% 

Supply of Materials / Purchases 1 5% 

Commercial / Customer Service 1 5% 

Human Talent Management / Human Resources 1 5% 

Second, we reviewed the literature using the "snowball" technique. This data collection method is often used when there is 

difficulty in identifying a representative sample through official sources (Geissdoerfer et al., 2017; Ricci and Gunter, 1990). 

During the snowballing process, we found 34 scientific articles that directly propose tools validated by scholars. Third, 12 

reports were reviewed with the aim of analysing the non-academic literature for valuable tools for CE implementation. 

Nonetheless, most of the reports have been cited by scholars in scientific publications. 

The three data sources were then analysed in terms of the six CE fields of action in order to propose for each field of action a 

set of tools that can help firms, and SMEs in particular, to implement the CE. 

3. Results and Discussion 

This section presents various tools for implementing the CE in each field of action based on the content analysis of the three 

different sources, as the triangulation method suggests. The tools may be understood as tangible or intangible things, devices 

or implements that are employed to perform a job (Oxford, 2010); in this case the job is implementing the CE in firms. We 

also explain the goal or intention of these tools and the data sources employed to define them. 

3.6. “Take” Tools 

The origin and traceability of materials is a clear concern of the interviewed participants (Table 2). Given this, two accessible 

tools are proposed to address this issue: a certification requirement for the firm’s suppliers, and the recently established 

Materials Passport or Product Passport. These passports function on a business to business level, providing “a set of 

information about the components and materials that a product contains, and how they can be disassembled and recycled at 

the end of the product's useful life” (EU Commission, 2016). The suppliers can be awarded with multiple certifications to 

ensure the environmental quality and traceability of their products. One of the firms we interviewed requires its suppliers to 

adhere to the International Food Standard (IFS) for the food industry; the IFS is an international standard, and the accreditation 

criteria are based on standard EN 45011 for product certification.  

Firms are also trying to avoid the use of pollutants and scarce materials, not only due to their impact on the environmental but 

also to diminish dependence on resources that may be exhausted or become more expensive over time (McDonough and 

Braungart, 2002). Accordingly, firms can use a materials assessment as a tool for defining criteria for procurement processes, 
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or they can use a protocol such as the MBDC Materials Assessment Protocol, which includes human and ecological health 

criteria and a flow chart that describes how each chemical in a process is evaluated (McDonough et al., 2003) (Table 2). 

Table 2. Tools for the “take” CE field of action. 

Goal/Intention Tools Source 

Traceability of products (supplies), and 

transparency in management and 

materials information. 

Supplier Certifications. For example, The 

International Food Standard (IFS). 

Materials Passport or Product Passport 

requirement  

Semi-structured interview, 

Lieder and Rashid (2016), 

McDonough and Braungart 

(2003), EU Commission (2016). 

Change materials to others that are more 

circular and avoid the use of scarce 

materials 

Materials assessment protocols to design 

products (e.g. MBDC). 

Material Circularity Indicator by the 

Ellen MacArthur Foundation. 

Semi-structured interview, Evans 

and Bocken (2013), Ellen 

MacArthur Foundation and 

Grata Design (2015), 

McDonough and Braungart 

(2002), Witjes and Lozano 

(2016), Rossi et al. (2006), 

McDonough et al.(2003). 

3.6. “Make” Tools 

Since this field of action refers to how companies “make” or develop their transformation processes, we propose a number of 

tools that are related to the goals of raising environmental awareness among employees, reusing production "waste", reducing 

materials mixing and costs, disassembling products for future materials recovery, and using resources efficiently (Table 3).   

Our analysis shows that environmental awareness among employees can be increased with internal communication campaigns 

and environmental awareness training for employees, highlighting the important role employees play in environmental 

management and the environmental impact of the firm. Moreover, this kind of training can encourage openness to sustainable 

practices. 

Energy efficiency is another important goal for firms (Table 3). In this aspect, the modernization of infrastructure plays a key 

role based on the fact that the tools used to save energy are related to the use of efficient lighting (e.g. LED lighting systems) 

and devices that monitor the expenditure of energy in each process. Additionally, the use of motion sensors and light sensors 

optimize energy use by taking advantage of natural light and decreasing the use of artificial light sources (Dikel et al., 2018). 

 

The firms interviewed are quite interested in reusing production "waste" in other products (when possible), especially because 

it has a clear impact on cost reduction. In this sense, the participants pointed to the segregation and fusion of ferrous materials 

and other metals and to the adaptation of machinery to reuse production remains, like a closed system. 

In order to reduce materials mixing and costs, the most common tool is product standardization through design simplification. 

However, the effectiveness of this tool depends directly on the final customers’ requirements and expectations. Along the same 

line of action, sustainable design strategies (e.g. Eco-design, Cradle-to-Cradle, biomimicry) are the most recognized tools for 

creating products whose materials are recoverable in the future. 

Table 3. Tools for the “make” CE field of action. 

Goal/Intention Tools Source 

Raise awareness among employees 

about critical waste and encourage 

openness to sustainable practices. 

Internal communication campaigns. 

Environmental training for 

employees. 

Semi-structured interview, 

EPSRC (2014), Simpson et 

al.(2004). 

Reuse production "waste" in other 

products (when possible). 

Infrastructure installation for 

segregation and fusion of ferrous 

materials and other metals.  

Semi-structured interview, 

EU Commission (2014). 
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Infrastructure investment to adapt 

machinery to reuse production 

remains. 

Reduce materials mix and costs. Product standardization through 

design simplification. 

Semi-structured interview, 

Evans and Bocken (2013). 

Disassemble products for future 

materials recovery. 

Sustainable design strategies Prieto-Sandoval et al. (2017), 

Pauw and Kandachar (2010), 

Van Hemel and Cramer 

(2002). 

Energy efficiency Efficient luminaires (e.g. LED 
lighting systems). 

Devices to monitor the energy 

expenditure in each process. 

Motion sensors and light sensors. 

Semi-structured interview, 

Dikel et al. (2018), EPA 

(2017), EPSRC (2014). 

Use resources efficiently. 

 

Sensors in the machine to measure 

online consumption. 

Semi-structured interview, 

Dikel et al. (2018). 

3.6. “Distribute” Tools 

In analysis our data on this CE field of action, it is evident the critical role of logistics management in implementing the circular 

economy. An interesting variety of tools emerged. Their goals are related to the design of packaging that optimizes storage 

space, the optimization of transport routes, loading spaces and stackability, and the reduction of the environmental impact of 

packaging (Table 4). 

We propose eco-design analysis as an appropriate tool because it analyses every step of the product life cycle, and thus it gives 

useful guidance in the design of packaging that optimizes storage space. Along the same lines, firms are also aware of the 

environmental impact of packaging, so they should focus on strategies for designing recyclable packaging, especially when 

they intend to recover those materials.  

Transport route optimization can be achieved through tools that differ in cost and difficulty in terms of implementation. Such 

tools include logistics management software or free geolocation software like Google maps, which is available and can be 

adapted to a wide range of situations (Santos et al., 2011). Other optimization tasks can be easily achieved with internal 

logistics management software or well-known software like Micrsoft Excel. 

Table 4. Tools for the “distribute” CE field of action. 

Goal/Intention Tools Source 

Design packaging that 

optimizes storage space. 

Eco-design analysis Semi-structured interview, Moigne 

(2016), Lean Supply Solutions 

(2017), ECOEMBES (2015) , 

EPSRC (2014), Van Hemel and 

Cramer (2002). 

Reduce the environmental 

impact of packaging. 

Design strategies for recyclable packaging  Semi-structured interview, 

ECOEMBES (2015), Van Hemel 

and Cramer (2002). 

Optimize transport routes. Internal logistics management software, 

free geolocation software like Google 

maps. 

Semi-structured interview, MH&L 

(2016), EPSRC (2014), Santos et al. 

(2011). 

Optimize loading space and 

stackability. 

Internal logistics management software or 

well-known software like Microsoft Excel. 

Semi-structured interview, Lean 

Supply Solutions (2017), MH&L 

(2016), Moigne (2016). 

3.6. “Use” Tools 
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The “use” field of action is a challenging area because is the moment when firms usually lose their power to manage their 

products’ waste and consumers become responsible for the purchased products. Nonetheless, firms can decrease the 

environmental impact of their products by guaranteeing the availability of spare parts or accessories for the products, informing 

customers about the materials and quality of the product, informing the customer of the proper way to dispose of the products 

after use, recovering un-used products, and lengthening the lifetime of the products (Table 5). 

A useful tool is Enterprise Resource Planning (ERP) software, which manages every process of the company in an integrated 

way. Such systems are offered by companies like Oracle or SAP. In addition, an ERP system can be connected with the 

customer and supplier information systems (even when the software supplier is different). For example, in business to business 

models, the firms can  see the customers' sales trends in comparison with their sales plans, quicker than they will (Ross and 

Vitale, 2000). 

In addition, communication with customers is crucial for the proper use and recovery of a firm’s products. Consequently, this 

study proposes adding labels for packaging recovery in order to identify a product’s materials and quality. Moreover, one of 

the interviewed firms pointed out that sales executives must be trained to be the firm’s ambassadors and communicate their 

sustainable initiatives to customers and the public in general. An interesting proposed tool is to invite customers to visit the 

company’s factory to be transparent and demonstrate their sustainable practices through experience. Another tool is to give 

customers user guides (instructions) at the time of purchase.  

Moreover, the proper use and recovery of products can be communicated through press releases in collaboration with 

environmental institutions, for example Ecoembes. In this way, the environmental initiatives developed by the firm can be 

visible to every stakeholder through the use of certifications (e.g. EMAS), ecolabels, environmental declarations, and the firm 

can prove its environmental management maturity through the systemization of its processes (Ormazabal et al., 2015). 

Table 5. Tools for the “use” CE field of action. 

Goal/Intention Tools Source 

Guarantee the availability of spare 

parts or accessories for the products 

Enterprise Resource Planning (ERP). Semi-structured interview and 

Ross and Vitale (2000) 

Inform customer about product 

materials and quality. 

Add labels for packaging recovery. Semi-structured interview, 

GreenBlue (2011). 

Inform the customer of the proper 

way to dispose of the products after 

use. 

Train sales executives to serve as a 

communication channel. 

Distribute efficient use guides 

(instructions), included at the time of 

sale. 

Plan customer visits to the factory. 

Use press releases in collaboration 

with environmental institutions, for 

example Ecoembes. 

Use certifications (e.g. EMAS), 

ecolabels, environmental 

declarations. 

Semi-structured interview, 

Dangelico and Vocalelli 

(2017), Ormazabal et al. 

(2015), Testa et al.(2015), 

Zorpas (2010). 

Recover un-used products Use logistics to receive the products 

and materials not used by customers. 

Semi-structured interview, 

Lean Supply Solutions 

(2017). 

Lengthen the lifetime of the products 

and develop new maintenance, repair 

and upgrade services. 

Circular economy toolkit developed 

by Cambridge University.  

Ten Types of Innovation Model. 

Lewandowski (2016), Evans 

and Bocken (2013), Keeley et 

al. (2013), Park et al. (2010). 
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The firms interviewed seemed interested in recovering products that have been purchased by customers but not used, as long 

as the products maintain their value and it is possible to do it with their logistics chain. And lastly, firms are interested in 

lengthening the lifetime of their products, which at the same time innovating their profit model with maintenance, repair and 

upgrade services. 

3.6. “Recover” Tools 

The “recover” field of action is associated with closing the energy and materials loops of instead of wasting them, losing its 

value for other processes. The firms are trying to use waste as an alternative fuel, which reduces emissions and costs. In the 

same vein, they are also reusing wastewaters to minimize their cost and environmental impact, undertaking gas analyses and 

emissions control of solid particles, reducing raw materials exploitation, and making and collecting production "waste" and 

rejected products in an orderly way (Table 6). 

This group of tools is mainly oriented toward technological modernization and the installation of infrastructure that can pay 

for itself over the long term with the profits accrued. This includes installing the appropriate ovens to get energy from waste, 

wastewater treatment and reuse technologies, closed water circuits that prevent losses to the outside, special measuring and 

testing instruments, and use of continuous gas analysers. 

In this field of action, the role of design is still present. A useful tool is the design and use of returnable packaging, as it saves 

costs and resources and is closely related to the industrial symbiosis field of action (discussed below). Additionally, certain 

waste can be better collected through the use of bales, which can be made with a press and then placed into containers for later 

collection; this tool also facilitates external waste management when firms cannot do it. Nonetheless, tools such as the analysis 

of scrap generation should be employed to control, understand and manage the type of waste that is being generated.  

Table 6. Tools for the “recover” CE field of action. 

Goal/Intention Tools Source 

Use waste as an alternative fuel, 

reducing emissions and costs. 

Installation of appropriate ovens, as 

the cement industry does. 

Semi-structured interview and 

CEMBUREAU (2016) 

Reuse of wastewaters, minimizing 

their costs and environmental impact. 

Wastewater treatment and reuse 

technologies. For example, an 

industrial waste water treatment 

plant. 

Closed circuit of water without losses 

to the outside. 

Semi-structured interview, Chertow 

(2007), McDonough and Braungart  

(2003). 

Use gas analysis and emissions 

control with solid particles. 

Installation of special measuring and 

testing instruments 

Use of continuous gas analysers. 

Semi-structured interview, Patrick et 

al. (2006). 

Reduce raw materials exploitation.  Design of returnable packaging. Semi-structured interview, Van 

Hemel and Cramer (2002). 

Orderly collection of production 

“waste” and rejected products. 

Bales can be made through a press 

that will then go to containers to be 

collected. 

Internal indicators of scrap 

generation. 

Semi-structured interview, GreenBlue 

(2011). 

3.6. “Industrial Symbiosis” Tools 

Industrial symbiosis takes on its importance as a field of action of the CE essentially because it means that companies see 

beyond competition and concentrate on the strategic advantages that they can find in cooperation. In this manner, our study 

revealed that the main goals of firms interviewed are geared toward recovering that packaging that is reusable in their own 
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value chain and transporting product returns from their customers, developing and managing circular material flows and 

acquiring technological modernization to get cleaner production systems.  

Such goals can be achieved by sharing the means of transport and distribution with customers, neighbours and suppliers. One 

of the tools we propose for developing and managing circular material flows is to offer products as services, which allows the 

company keep product (and materials) ownership. This tool depends on customer willingness to rent products, but it was 

included in this group because it involves a relationship between multiple stakeholders. 

Finally, not only can firms share physical resource infrastructures, the can also share knowledge. Thus, a suggested tool is the 

development of research projects with universities and research centres in order to create new opportunities to close the loops 

with new technology. 

Table 7. Tools for the “industrial symbiosis” CE field of action. 

Goal/Intention Tools Source 

Recover packaging, transport returns 

etc. by sharing the means of transport 

and distribution with customers, 

neighbours and suppliers. 

Personal communication. 

Joint negotiations. 

Digital platforms to manage the flows 

of materials, water and energy. 

Semi-structured interview, Moigne 

(2016), Lean Supply Solutions (2017), 

(Puente et al., 2015). 

Develop and manage circular material 

flows. 

Circular CANVAS to design business 

models like the offer of Product as 

Services system. 

 

Fischer and Pascucci (2017) , Stahel 

(2016, 1998), Lewandowski (2016), 

Mont (2002).  

Modernize technology to get cleaner 

production systems. 

Development of research projects 

with Universities and research 

centres. 

Semi-structured interview, Ellen 

MacArthur Foundation and McKinsey 

& Company (2014). 

4. Conclusions 

The main objective of this study was met by providing a specific set of tools that facilitate CE implementation in six fields of 

action (take, make, distribute, use, recovery and industrial symbiosis). Moreover, although the current study is based on a 

small sample of participants, the triangulation method was a key in supporting and supplementing the information we collected 

with information obtained from academic sources, reports, and books. 

In addition, this study has gone some way towards enhancing our understanding of the goals or intentions that may motivate 

firms to implement the CE and aligning them with the suggested set of tools. Consequently, practitioners can select a tool 

based on the goal they want to achieve. 

In general, therefore, it seems that firms tend to focus their goals on the “take” and “make” fields of action, where they can 

easily manage the processes and can get higher negotiation power than their suppliers to demand cleaner materials. Moreover, 

the application of the corresponding set of tools in these fields has a direct impact on the product and value proposition of the 

company.  

The “distribute” field of action is especially oriented towards the optimization of space, routes, and load in vehicles, probably 

because those aspects are of great importance for final profits and air emissions. In this regard it is important to point out that 

main tools are accessible and do not require a large number of investments in tools such as Google Maps and optimization 

simulations in Microsoft Excel.  

The tools related to the “use” field of action are primarily focused on the communication channels between the company and 

the customer, in a close or personalized way through their own employees, or with the use of certifications that make the 

environmental management that the company does visible.  

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

520



The “recovery” tools are considered to be critical because they are of the greatest importance in closing the loops of materials 

and energy. In this regard, the goals examined in that field of action usually require large investments in technology and 

infrastructure, except for the tool related to product design and the orderly collection of production "waste". 

Finally, the industrial symbiosis “tools” are aimed at promoting the integration of the firms with their external stakeholders, 

and as such it can be considered a “transversal” field of action because consumers, suppliers and even universities and 

institutions may collaborate in closing the loop by sharing infrastructure and knowledge. Nonetheless, this integration is still 

a challenge because it used to be the product of relations that arise spontaneously or that are due fostering from the government 

and various institutions. 

We expect that this research will serve as a base for future studies to better refine the present knowledge of each field of action 

and to expand the list of specific tools and goals that can be used by companies to attain the shift in paradigm. Further research 

might also explore a cross-national study involving firms which are shifting towards a circular economy. 
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Abstract 

The story of the circular economy has sparked growing discussion and innovation amongst businesses, yet the role of the 

customer remains underexplored and a challenge to the implementation of circular designs and business models. Customer 

involvement may require new behaviours such as rental, repair or return (here we propose 7 ‘R’s in the style of similar ‘re’ 

models), which represent a departure from traditional purchase-based transactions. Although some fields of sustainable design 

have developed concepts of design for sustainable behaviour, these have focused on product or service rather than information 

design, and so-called ‘green’ marketing has had mixed results. The paper reviews some literature from the fields of service 

marketing and service design, and finds the concepts of the customer journey and ‘touchpoints’ useful to describe the enhanced 

communication and interactions that may be required between organisations and customers in a circular economy. It also 

explores literature from the field of information design, and the potential of visual rhetoric and narratives in particular to affect 

engagement and even behaviour change. Code play and narrative transportation for instance have been shown to constitute 

persuasive techniques in healthcare communications and in consumers’ adoption of novel products by reducing their resistance 

to the message. Further development and empirical studies are needed, but current indications are that visual communication 

can have a significant role to play in engaging customers with the new behaviours required in a circular economy, and this will 

have important lessons for many organisations.   

Keywords: circular economy, information design, service design, visual rhetoric, narrative  

1. Introduction  

Although models of material cycling and environmental sustainability have been around for several decades, the concept of a 

circular economy has gained particular attention over the last ten years due to work by the Ellen MacArthur Foundation and 

endorsement by the European Commission (Commission, 2015). The circular economy has revived the concept of 

sustainability by capturing the imagination of businesses and making eco-economic decoupling more of a possibility. However, 

the difficulty of introducing new business models and practices such as product service systems, reuse and return to consumers 

and of turning these new narratives into action is a major challenge to the success of the circular paradigm. Circular economy 

may require new behaviours and increased involvement of the customer or user in the product life cycle, for example returning 

or reselling an item in addition to the original purchase, or subscribing to a service (as in a product service system or PSS, 

(Tukker, 2004)). The concept of touchpoints as applied in service design (Polaine et al, 2013) can provide a useful conceptual 

framework for the different channels whereby a customer might be first familiarised with a circular economy brand, and then 

involved in a product’s onward or return journey. But a question remains as to how the engagement and participation of the 

customer can be achieved.  

Studies in the transdisciplinary fields of design for sustainability and design for behaviour change (DfS /DfBC) have examined 

the potential of product and service design in promoting behaviour change for sustainability, largely through a sliding scale of 

control or information measures that encourage or force people to comply (Boks, 2018; Zachrisson Daae & Boks, 2014). 

Information alone can be problematic, as the customer or user is in total control and may choose not to comply (e.g. 

information-based approaches such as green labelling have had mixed success, (Peattie & Crane, 2005; Rex & Baumann, 

2007)). However, the control side of the scale also represents difficulties in terms of the ethics of coercing users to behave in 

certain ways, and the possibility that they may react against perceived control (Zachrisson Daae & Boks, 2014). This paper 

focuses on the ‘information’ side of the scale and explores two techniques of visual communication that move beyond labelling 
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and may be useful in engaging customers with the new behaviours required of them in a circular economy , namely visual 

rhetoric and narratives. The power of written or visual messaging to change ingrained attitudes and values is perhaps limited, 

but certain configurations of message content and style have been shown to affect participation outcomes and behaviour. For 

instance, puzzlement and narrative techniques have successfully introduced people to new healthcare behaviours and 

innovative new products – though these may be used in more or less ethical ways (greenwashing has been criticised for selling 

a spurious story of sustainability (Grant, 2007; Peattie & Crane, 2005), and of course the advertising industry has made use of 

both techniques to sell products and services to people in the conventional linear economy ).  

One overarching question therefore is whether new or different forms of communication are necessary for engaging people 

with circular behaviours and value propositions than have been used for purely commercial or linear propositions in the past. 

This is too broad a conundrum for the present initial and exploratory study however, and t he research question proposed is 

therefore as follows: How can the design of visual communications at the touchpoints engage customers with the new 

behaviours required in a circular economy?  

2. Methodology 

The nature of this paper is trans-disciplinary, exploratory and conceptual, and involved using a snowballing approach to review 

some core literature and draw linkages between the diverse fields of design for circular economy and design for sustainability, 

service business and marketing, service design and visual communication. For example, several articles from the recent 

comprehensive collection on information design (e.g. Boag, 2017; Jansen, 2017; Kostelnick, 2017; Moys, 2017) were found 

to be useful, and reference lists were scanned to source further articles and texts of relevance to the topics of visual rhetoric 

and narrative. Literature focusing on information design and narratives in the context of healthcare and new product marketing 

was found to be particularly relevant, since it addressed the topic of communications that can introduce or persuade people to 

accept entirely new behaviours or types of product – rather than just shifting customers’ allegiances from one brand to another 

(as for instance in traditional advertising). It should be noted however that this is a working paper, and it is intended that the 

concepts and cross-disciplinary linkages are developed further before leading on to empirical studies.   

3. Customer participation in a circular economy 

The number of academic studies on the subject of circular economy are increasing, but although attention is being paid to 

circular design, business models and material processing, the issue of customer activities and the changes that will need to be 

wrought in terms of people’s everyday behaviours has been largely neglected (Kirchherr et al, 2017; Piscicelli & Ludden, 

2016; Schotman & Ludden, 2014). The fields of Design for Sustainability and Design for Behaviour Change are relevant in 

that they have studied the effect of product and service design on people’s behaviour in a sustainability context usually during 

the use phase, but these have generally not focused on the role or design of information specifically, and have not examined 

the series of interactions or touchpoints that comprise the customer’s whole experience (Boks, 2018; Zachrisson Daae & Boks, 

2014).  

The role of customers in a CE is in fact vital, as their participation will determine the success of new business models and 

practices such as extended use or recovery of products, design for disassembly or product service systems (PSS) (Bakker et 

al, 2014; N. M. P. Bocken et al., 2016; Hollander et al, 2017; Tukker, 2013). Rather than being perceived as merely a purchaser 

of goods or user or experiencer of services, these strategies dictate that customers be involved in additional activities such as 

the return, rental, reuse or resale of items. They must also change current practices, for example from buying new to buying 

used items or renting those items instead. In the tradition of ‘R’ models and waste hierarchies (see Kirchherr et al., 2017), 7 

‘re’ activities are here suggested (see Table 1) that customers specifically might participate in as part of a CE. These do not 

represent any kind of hierarchy and are extrapolated from the business models and practices suggested in literature rather than 

direct empirical research (Bakker et al., 2014; Ellen MacArthur Foundation, 2013; Hollander et al., 2017; Piscicelli & Ludden, 
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2016; Weelden et al, 2016), but they represent a sample set of behaviours that require active involvement or initiation by 

customers. 

1. Return an item to the retailer, or to a third party  

2. Repair an item themselves 

3. Resell an item via an internet platform or offline 

4. Rent or access a product/service as an alternative to ownership  

5. Re-buy an item that has been previously used, repaired, remanufactured or recycled 

6. Retain an item to prolong its life and postpone disposal 

7. Remunerate, i.e. pay more for an item or service that has greater longevity  

Table 1: 7 ‘Re’ activities of customer behaviour 

In a circular economy, products are ‘objects with a career’ or ‘assemblages of materials’ (Spring & Araujo, 2017) that are 

stabilised and then transformed, for instance when repaired or downcycled, with each transformation or circulation (or service) 

enabled by networks of actors –including customers. Single-use or disposable items are not considered part of the design of 

an idealised circular economy (Hollander et al., 2017) and are thus out of scope of the present exploration. For many models  

of CE, it is clear that customers will need to be increasingly engaged with the life cycle of the products they use, as well as 

with the organisations that provide the means to engage with circular products and services. Organisations therefore have a 

role to play in facilitating this behavioural change at different stages of engagement –through business models, but also through 

marketing and communication (N. Bocken, 2017).  

4. Services, marketing and customer experience  

In the field of business and marketing, a goods-dominant approach has given way to a service-dominant logic in recent years 

(Vargo & Lusch, 2004). The service-centred approach is consistent with stronger market orientation and longer customer 

relationships, ultimately leading to increased profits and more successful business (Bolton, 2016). Traditionally, companies 

focused on the moment of product purchase, utilising functionalist and short -term methods of persuasion to prompt a 

transaction (Duncan & Moriarty, 1998). But a service-based approach moves beyond this to focus on building relationships 

with customers whom it sees as participants in value co-creation. (Ballantyne et al, 2011). Traditional goods-based marketing 

considers price, product, promotion and place, but  services marketing includes the management of processes and people, 

meanings and relationships (Bolton, 2016; Duncan & Moriarty, 1998). Goods become service ‘appliances’, and value is a 

measure of experience rather than acquisition, determined by the customer at the time of use.  

This changed perspective has meant that organisations are increasingly interested in building longer term relationships with 

their customers (Bolton, 2016), and is also more in line with business models like product service systems (PSS) and 

servitisation (Lightfoot et al, 2013; Tukker, 2013) which have been proposed to support a CE through the integration of 

physical products and associated services. Such models imply the potential (but not guarantee) of providing a sustainable 

solution to resource requirements through the provision of results or functions without necessitating outright purchase or 

ownership of a product (Bhamra et al, 2017).  

Reciprocity and negotiation emerge as features of these new service-based customer relationships, and the role of 

communication as process rather than transfer is brought to the fore: interactions with customers are extended over time and 
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bring new possibilities for value creation, as SD logic recognises the importance of sustaining relationships at various 

interaction points (Ballantyne et al., 2011). For instance, in a circular economy communications may be required to ensure 

that a customer knows how to repair a product themselves, or brings it  back to the retailer after use so that it can be checked 

and rented to another.  

Customer experience has been defined as the ‘cognitive, emotional, social and behavioural dimensions of all activities that 

connect the customer and the organisation over time, including all touch points and channels‘ (Bolton 2016, 4-5). Every 

communication that a customer has with a company will confirm or redefine their impression of it (Boag, 2017; Duncan & 

Moriarty, 1998), and for service-based models this includes the prepurchase, purchase, consumption, engagement and 

nonpurchase phases –all of which may form part of the customer journey  (Bolton, 2016). Circular and PSS or servitization 

models in particular emphasise the transformation of products, materials and value through different lifetimes, thus providing 

opportunities for new services or customer communications at each stage (Spring & Araujo, 2016). In other words, in order to 

maximise material efficiency and reduce wastage, as part of a CE information and communications must accompany and 

facilitate the transition of materials through the system.  

Of course, as with non-CE models, customers’ attention and responses will be guided by their practical and emotional goals  

and motivations, and although consistency across different media should be a goal, any brand’s communications will be 

differently understood by different people in different situations (Bolton, 2016). Moreover, in the increasingly digitalised and 

online world of communications and sales, the market becomes a ‘network of social actors with economic interests’ 

(Ballantyne et al., 2011). The new world of social media allows communications increasingly to be two-way instead of one-

directional, with customers co-creating and co-producing their experience through sharing information within or outside 

organisational parameters (Bolton, 2016). The challenge for businesses is how to manage the service process and shape the 

CE customer experience across its many touchpoints.   

5. Service design and the circular economy customer journey 
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Figure 1: The customer service journey. Different rows and columns represent different touchpoints along the way. 

(LiveWork, 2018) 

The field of service design deals with the shaping of experience for a service recipient, such as a customer, and often with the 

co-production or co-creation of experiences by service recipients too (Polaine et al., 2013). Although there is a lack of 

consensus as to its definition (Schneider et al, 2011), service design focuses on people and performance rather than product, 

with practitioners (e.g. designers, marketeers, customer service managers) using techniques of experimentation and iteration 

to create a desirable and usable service for their customers (Saco & Goncalves, 2008). Service designers use models such as 

the customer journey in order to take a holistic and people-focused approach to designing customer experiences. Rather than 

the one-time contact between supplier and receiver that occurs with a transactional product sale, the delivery of a service 

evolves over time and involves several contact or ‘touch’ points between the two (e.g. Figure 1 (LiveWork, 2018)). Each 

interaction or touchpoint is an opportunity for involving and communicating with the customer and contributes to the overall 

service experience (Boag, 2017; Duncan & Moriarty, 1998). The growth of CE models such as PSS or servitization therefore 

necessitates a much richer understanding of the touch points, networks, episodes and customer journeys that facilitate a 

material or product’s career (Spring & Araujo, 2016).  

In a CE, the customer service journey would include not just awareness, purchase, use and after sales but also ‘after use’ 

options, such as return or resale, that aim to keep the product in circulation after the initial customer has finished with it . For 

instance, we can divide the 7Rs of customer behaviour into three phases of purchase or acquisition, use and after use (see Table 

2) – though of course there will be many other opportunities for communication and interaction between the organisation and 

the customer.  

Purchase /acquisition  Use After use 

Rent Repair Return 

Re-buy Retain Resell 

Remunerate   

Table 2: The 7Rs can be divided into different phases along the customer journey  

Customers are influenced by and get information from many different channels and sources, for example traditional word of 

mouth, online or offline advertising or social media, and these channels create a ‘portfolio of touchpoints’ providing hedonic 

or utilitarian value (Bolton, 2016). The touchpoints that resonate for each customer will depend on their own goals and 

situation, and their experience will be embedded in a ‘rich context’ at any point in time, so managing these information flows 

to complement the CE customer journey is a challenging and complex task for any organisation. 

6. Engaging customers with CE through visual communication at the touchpoints  

An organisation sends out messaging at the touchpoints through elements and signals such as its design, pricing, corporate 

strategy, guarantee, use of language and imagery and brand –the perception of which drive customer behaviour and can 

strengthen or weaken relationships. The information provided helps people structure their environment, make decisions or 

interpretations, ascribe meanings and take actions, and thus a focus on the communication at these points of interaction is key 

(Duncan & Moriarty, 1998). Material inefficiencies and waste occur for many reasons, a major one being because a product’s 

affordances (Norman, 2013) provide information as to its usage but not its end-of-life scenarios (e.g. how or where customers 

should return or resell them). Therefore the signifiers that communicate the operation, purpose and future potential of the item 

(Norman, 2013) and the actions that a customer should take at the various interaction points are crucial. For example, in the 
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UK a lack of well-designed information as to the importance of retaining fire-retardancy labels on sofas leads to thousands 

ending up in landfill every year (The Great Recovery, 2015).  

Products, of course, can define a brand. But for services and product service systems the touchpoints themselves make an 

important contribution to the brand experience, as it is these which allow the organisation to interact and maintain an ongoing 

relationship with the customer. And it is the combined information available to customers at the touchpoints – such as the 

websites or marketing materials they have come across, sales people and media articles, their previous experience, the look of 

an item itself, – that creates a ‘system image’ and conceptual model (Norman, 2013), and informs their understanding of how 

the CE product system or flow of materials should work.   

In an increasingly digitalised world where many of the touchpoints (websites, social media, signage) will not involve sales 

personnel, the design and presentation of visual communications during these customer interactions is particularly important. 

According to Bruce Brown there are three modes of visual communication: persuasion, explanation and identification (Boag, 

2017), and the brand must use all three to identify and promote itself and explain where the customer is in their journey. The 

design of the content, layout, language and interaction features for examp le can impact the whole customer journey from start 

to finish (Boag, 2017). As with advertising, even though the communications at these touchpoints exist at the periphery of the 

receiver’s awareness, they have the ability to attract attention and create positive (or otherwise) associations (Cook, 2001).  

Creating visual communications that will engage customers with CE behaviours at the touchpoints can be more of a craft than 

a science. Visual languages employed in information design, as in advertising, are shaped by historical, aesthetic and cultural 

codes and conventions which are constantly in flux and contingent on the societies and users who sustain and adapt them 

(Cook, 2001; Kostelnick, 2017). New digital tools for instance can both perpetuate and recreate established conventions, whilst 

people’s previous experience of genres provides the context for their interpretation of new texts. Meaning is not so much 

transmitted by a company but created by the customer according to complex interplays of semiotic codes and conventions that 

they are often unaware of (Chandler, 1994), and people can be so familiar with a medium that they are anaesthetised to the 

effect of its mediation. By engaging with it, however, they ‘both act and are acted upon, use and are used’ (p10, Chandler 

1994).  

Information design may aim to persuade the reader or viewer, though it takes on elements of explanation and identification as 

well. Obvious attempts at persuasion can be controversial, and therefore blending it with explanation – as in advertorials – can 

increase credibility and participation (Boag, 2017). Good information design is more likely to get the reader to act on the 

message, it increases a company’s perceived value and facilitates interaction between organisation and user –and has also been 

shown to increase trust in the brand, customer satisfaction and efficiency, and reduce confusion and malpractice –for instance 

in healthcare . 

7. Visual Rhetoric 

The study of rhetoric is the investigation of patterns of language usage considered to stand out in terms of their phrase, form 

or style, and used ‘for exerting particular effects on hearers or readers’ (Bateman, 2014). Originally a term to describe public 

speaking in the Classical world, in the 20th century Barthes started to apply the principles of these Classical tropes to non-

verbal semiotic systems, and other researchers to explore how the way in which a message is expressed influences its effect 

on an audience(Bateman, 2014). The growing importance of visual media compared with linguistics in more recent times has 

added to the significance of visual rhetoric, as the design of a text (including pictorial or illustrative aspects and its structure 

and style) can function to influence the reader’s processing of information and even a fleeting glance can provide enough 

information to turn the viewer off or peak their interest (Moys, 2017). Rhetoric can be understood as persuasion, and visual 

rhetoric uses graphical design to present and share meaning, facilitate engagement with information and visually articulate 

relationships and support interpretation. Its persuasive powers have made it particularly important for conventional advertising, 
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marketing and social campaigns, though even modes focused on usability such as maps and signage will also comprise visual 

rhetoric (Moys, 2017). 

According to MacDonald-Ross and Waller, ‘good graphic design allows one to say in words and illustrations what could not 

be said in either form alone’ (quoted in Moys, 2017). Related to a text’s presentation or graphical design, people may make 

rhetorical judgements for example about the credibility or accessibility of the content, the intention of the organisation or the 

value of the service (Moys, 2017), and thus certain symbols or signs can be employed to convey some intangible aspects of 

the customer experience, like reliability (Bolton, 2016). Moys (2017) suggests that ‘semantic simplicity’ should be the aim, 

and that space, typography, type weights and colour can be used to enhance legibility, graphic elements, structure and 

impression –even though different users and contexts will have different preferences. Exaggerated stylistic differences for 

instance can be seen as sensational or superficial (as in tabloid newspapers) –whilst the most credible layouts are orderly, 

evenly spaced and use rules or boxes or weighting as necessary to indicate authority. Some organisations try to use graphical 

features to create ‘sticky’ websites or environments that will differentiate them from competitors, tempt shoppers in (Bolton, 

2016) and then retain or get them to return again and again.  

As well as straightforward credibility or authority , rhetorical devices can also provide a so-called ‘artful deviation’ (Corbett 

and Connors ’98, quoted in (Cook, 2001)) by shaping and drawing attention to a message for its memorability  or 

persuasiveness. Rhetorical features such as rhyme, anaphora, parison, antimetabole, hyperbole, metonym, metaphor, syllepsis, 

antanaclasis and paradox may be employed through linguistic or illustrative means, such that the receiver of the message has 

to ‘work’ to interpret or engage with it, their involvement is increased and persuasiveness and memorability are heightened 

(Bateman, 2014). Puzzling messages that involve the understanding and processing of clever arrangements of signs give the 

reader a feeling of pleasure or reward and are more likely to prompt a discussion which can then lead to a change in social 

norms and behaviours (Jansen, 2017). These techniques have been utilised both in healthcare communications (Jansen, 2017) 

and also in conventional advertising, where the concept of ‘code play’ refers to the innovative use of language through rhythm, 

sound, grammar and meaning in order to attract attention, play with expectations and provide pleasure to the viewer. Rather 

than referencing the desired behaviour directly, for instance, it is the riddle-like or lateral thinking aspects of the adverts that 

give satisfaction and make an impression on the audience when they are able to decipher them (Cook, 2001).  

Some companies that already endorse circular economy-type business models or promote circular customer behaviours have 

shown that visual rhetoric techniques such as these can be effective. For example, Patagonia’s 2011 Black Friday advertisement 

exhorts consumers not to buy their jacket (see Figure 2). In what Adweek termed the ‘most potent environmental appeal of the 

season’ (Nudd, 2011) it uses counterintuitive messaging as a stunt to grab the viewer’s attention and get them to consider the 

potential hypocrisy involved in consuming fashion whilst professing care for the environment . Rather than persuading 

customers just to purchase a product, and indeed it almost certainly harmed sales in the short term (Nudd, 2011), it entices 

them to buy into the Patagonia brand for the long term, thus creating a loyal community of people who are more likely to 

change their behaviour by buying things that last and participating in activities like repair, reuse and recycling (Allchin, 2013)  
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Figure 2, Don’t Buy This Jacket (Patagonia, 2011) 

8. Narrative 

The medium of narrative, or storytelling, is also an effective model for communication and one that has been used by brands 

over many years to create connections and build relationships with their customer groups. Stories inform life. People use them 

to make sense of reality and create meaning, to organise and share human experience, convey moral truths and bring order to 

disorder (Brown, 2017). Stories promote understanding through empathy and a basis in real life (Nussbaum, 1998), they can 

fuel the imagination, make data human and even act as a tool for persuasion by helping people to grasp new concepts 

(Quesenbery & Brooks, 2010). Just as the real world provides a template for fiction, so fiction can influence the attitudes and 

behaviours of real people (Cook, 2001). According to Don Norman,  

‘People are innately disposed to look for causes of events, to form explanations and stories. That is one reason 

storytelling is such a persuasive medium. Stories resonate with our experiences and provide examples of new 

instances. From our experiences and the stories of others we tend to form generalisations about the way people 

behave and things work.’ (Norman, 2013) 

Stories have a beginning, middle and end, are connected by a plot, raise questions or conflict and then provide resolution, and 

generally make use of perspective, characters, imagery and language (Hinyard & Kreuter, 2007). Like services, stories deliver 

value through a form of experience. Both emerge from the interactions between people, places and objects, and stories are 

even used in service design to develop concepts and services based on users’ needs, for example as with storymapping (Lichaw, 

2016). According to Berger, narratives are ‘stories that take place in time’ (quoted in Bateman, 2014). They can be carried by 

written or spoken language, gestures, fixed or moving images or a mixture of these, and are transcultural, transhistorical and 

international (Barthes, quoted in Brown, 2017). The narrative turn has seen a growth of awareness about narrative as a 

metaphor for social practice and sensemaking, and it has been shown for example that linking new technological 

transformations to national narratives can facilitate their success (Malone et al, 2017).  

When it comes to the introduction of new behaviours such as those required of consumers and users by the more servitized 

models of a circular economy, taking a narrative approach at the touchpoints may prove more effective than traditional 

advertising or transactional messaging. People often resist perceived pressures for behavioural change as they prefer to 

determine their own course of action, but the Entertainment Overcoming Resistance Model (EORM) suggests that immersion 

in a narrative through transportation, identification and parasocial interaction may be an important means for audiences to 

adopt behaviours consistent with the story  (Jansen, 2017). The viewer may be absorbed by the narrative, imagine themselves 

as a specific character or experience a seeming relationship with one. ‘Being swept into the story makes them less aware of its 

persuasive intent’, according to Jansen (2017), and they are less likely to be resistant to the message. In the healthcare sector 

narratives have been shown to be particularly effective as a form of communication, for instance fotonovelas used in the 

Americas have been effective in changing behaviours,  as the narratives portrayed are more culturally relevant to an 

individual’s situation (Jansen, 2017). For cancer patients narrative communication was shown to be more realistic, personal, 

memorable and believable than other forms of communication as they could overcome resistance, facilitate information 

processing, provide surrogate social connections and address emotional and existential issues (Kreuter et al., 2007). 

Likewise Narrative Transportation Theory has shown that people may be immersed in the things they watch or read and 

transported through a combination of attention, imagery and feelings. They see themselves involved in the action, forget the 

world around them and imagine themselves to be the characters (Van Den Hende & Schoormans, 2012). This has been used 

during new product evaluations, where customers’ imaginations can be guided by narratives about a protagonist who is shown 

to use the new product in various situations and actions. Reader-protagonist similarity is helpful and visual imagery makes the 

story more self-relevant, but readers can also be transported through explicit instructions as long as the information given has 

a coherent narrative with a context, meaning and story (as opposed to a list of bullet points for example, which lack the ‘self 
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emplacement’ that comes with this narrative structure) (Van Den Hende, Dahl, Schoormans, & Snelders, 2012).  The more a 

new product narrative can transport the customer, the more likely they are to experience a new product as a replacement. 

Marketing literature shows that transportation leads to more positive evaluations of advertisements and new products, as a 

vicarious experience of use reduces uncertainties and negative preferences (Van Den Hende et al., 2012). Narratives with 

drawn images can provide a vivid experience of using the product and compensate for a lack of realism, but images without 

narration are shown to be not enough to transport the reader. This mental visualisation helps customers to learn about new 

products that they cannot compare to existing ones, and predicts later preferences after use; a more vivid narrative experience 

contributes to more positive attitudes to the product. ‘Interaction, ease of use and aesthetic evaluations will be more positive 

for technology applications presented in a narrative form than for product applications presented without narration’  (Van Den 

Hende & Schoormans, 2012).  

There do not seem to be many examples of CE businesses using narrative communications to engage with customers, though 

the Norwegian second hand clothing brand Fretex does use some narratives to accustom them to the idea of clothing reuse (see 

Figure 3). Messaging at key touchpoints evokes a story of clothes that are actively helping to alleviate poverty (‘klaer som 

hjelper’), whilst a video series called ‘Mannen som levde pa Fretex’ uses narrative transportation techniques  and humour to 

overcome customers’ resistance and draw them in to new reuse behaviours by presenting them with these as social norms.  

 

Figure 3, Fretex’s ‘Klaer som hjelper’ (clothes that help) (Fretex, 2018) and ‘Mannen som levde pa Fretex’ (the man who 

lived by Fretex) (Fretex, 2016) 

9. Discussion 

Rather than merely being a way of representing the world, we can see that communication is also a means to galvanise action 

and make things happen (Franceschini & Pansera, 2015). Of course, advertisers have used visual rhetoric and narrative 

techniques successfully for many years to draw customers in to traditional, linear modes of consumption and use, and it should 

be noted that previous attempts to use communication to influence customer behaviour towards less environmentally harmful 

options have often been deemed a failure. Green marketing, and especially environmental labelling programmes, suffer from 

a confusing array of options that have neglected to take people’s biases, norms and behaviours into account, and have therefore 

been viewed with mistrust and disregard (Peattie and Crane, 2005; Boks, 2006; Rex and Baumann, 2007), and many brands 

have also been accused of greenwashing. But a green label or symbol on a product represents a lone signifier at one moment 

in time, rather than a narrative that engages customers through different touchpoints along a customer journey. Narrative 

transportation has been proved to facilitate both positive behavioural shifts in healthcare and the adoption of radically new 

products and technologies for example, although the consumption of new products is unlikely to fit within the material-efficient  

models of CE.  

Nevertheless, for customers the CE is likely to involve both behavioural changes or shifts, such as moving from outright 

purchase or ownership to ‘rent’ or ‘rebuy’ models, and the take up of entirely new activities, such as the ‘return’ or ‘resale’ of 

items to third parties at their end of life (it should be noted that rental or return are already familiar in some sectors and cultures, 

for instance the ‘pant’ system in Norway, but they remain an exception for most). The new behaviours and extended 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

532



relationships required are likely to increase the importance of the communication techniques that facilitate them. The customer 

journey of a CE or service business can be seen as a kind of metaphor for narrative, as it evolves over time, includes many 

characters and relationships, and conveys experience. As has been shown with the examples of Fretex and Patagonia, visual 

rhetoric and narrative techniques are already used by some circular-type organisations, but it is important to draw attention to 

the theory behind and potential impact of these techniques as enablers in the adoption of such new consumption and use models  

as are implied by CE.  

It remains unclear whether entirely new forms of communication are necessary in order to engage customers with CE 

behaviours. However it has been shown that visual rhetoric and narrative can play an important role in engaging people with 

new behaviours and consumption activities, through methods such as linguistic tropes, code play and narrative transporation. 

The service design notion of touchpoints also represent a useful model for demonstrating the many interaction points at which 

these engagements may take place.  

10. Future research  

This paper has explored the relevance of visual rhetoric and narrative communication in engaging customers with service-

based circular economy businesses. However, it has taken a purely conceptual and theoretical perspective, and thus empirical 

studies will be necessary to confirm and gauge the relevance of these types of communication for circular economy 

organisations, and their effect on the engagement and behaviour of different customer groups. For instance, narrative and non-

narrative communications can be designed for touchpoints of the same brand, and customers then asked for their preferences. 

The question of whether CE requires radically different forms of communication to effectively engage with customers also 

remains for future study.  

11. Conclusions 

If we are to shift the behaviours of customers towards those more compatible with a CE, we will need to use communications  

that can effectively engage them with such activities as the 7Rs. The increased emphasis on enhanced customer relationships 

in service businesses and the service design concepts of a customer journey and touchpoints are useful models for mapping 

the amplified interaction between organisation and customer that CE is likely to entail. Visual rhetoric and narrative techniques 

also represent effective potential methods for engaging customers in new circular behaviours, through code play and tropes 

and narrative transportation, and it is suggested that this will have important implications for organisations that adopt CE 

models.  

 

References 

Allchin, J. (2013). Case Study: Patagonia’s “Don”t buy this jacket’ campaign. Retrieved from 

https://www.marketingweek.com/2013/01/23/case-study-patagonias-dont-buy-this-jacket-campaign/ 

Bakker, C., Hollander, M. C., van Hinte, E., & Zijlstra, Y. (2014). Products That Last: Product Design for Circular Business 

Models. TU Delft Library /Marcel den Hollander IDRC. 

Ballantyne, D., Frow, P., Varey, R. J., & Payne, A. (2011). Value propositions as communication practice: Taking a wider 

view. Industrial Marketing Management, 40(2), 202–210. https://doi.org/10.1016/j.indmarman.2010.06.032 

Bateman, J. (2014). Text and Image: a critical introduction to the visual/verbal divide. Routledge. 

Bhamra, T., Walters, A., & Moultrie, J. (2017). The potential of service design as a route to product service systems. In D. 

Sangiorgi & A. Prendiville (Eds.), Designing for Service: Key Issues and New Directions. Bloomsbury. 

Boag, A. (2017). Information design and value. In A. Black, P. Luna, O. Lund, & S. Walker (Eds.), Information Design 

Research and Practice (pp. 619–634). Routledge. 

Bocken, N. (2017). Business-led sustainable consumption initiatives: impacts and lessons learned. Journal of Management 

Development, 36(1), 81–96. https://doi.org/10.1108/JMD-10-2014-0136 

Bocken, N. M. P., Pauw, I. De, Bakker, C., Grinten, B. Van Der, Bocken, N. M. P., Pauw, I. De, … Grinten, B. Van Der. 

(2016). Product design and business model strategies for a circular economy. Journal of Industrial and Production 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

533



Engineering, 1015(July 2017), 1–12. https://doi.org/10.1080/21681015.2016.1172124 

Boks, C. (2006). The soft side of ecodesign, 14, 1346–1356. https://doi.org/10.1016/j.jclepro.2005.11.015 

Boks, C. (2018). An Introduction to Design for Sustainable Behaviour. In R. B. Egenhoefer (Ed.), Routledge Handbook of 

Sustainable Design. Routledge. 

Bolton, R. (2016). Service Excellence: Creating Customer Experiences that Build Relationships. Business Expert Press. 

Brown, P. (2017). Narrative: An ontology, epistemology and methodology for pro-environmental psychology research. 

Energy Research and Social Science, 31(June), 215–222. https://doi.org/10.1016/j.erss.2017.06.006 

Chandler, D. (1994). Semiotics for Beginners. 

Commission, E. (2015). Communication from the commission to the European Parliament, the council, the European 

economic and social Committee and the committee of the regions. Closing the loop - an EU action plan for the 

circular economy, Brussels. 

Cook, G. (2001). The Discourse of Advertising (2nd ed.). London: Routledge. 

Duncan, T., & Moriarty, S. E. (1998). A Communication-Based Marketing Model for Managing Relationships. Journal of 

Marketing, 62(2), 1. https://doi.org/10.2307/1252157 

Ellen MacArthur Foundation. (2013). Towards the Circular Economy 1. 

Franceschini, S., & Pansera, M. (2015). Beyond unsustainable eco-innovation: The role of narratives in the evolution of the 

lighting sector. Technological Forecasting & Social Change, 92, 69–83. 

https://doi.org/10.1016/j.techfore.2014.11.007 

Fretex. (2016). Mannen som levde pa Fretex. Retrieved from https://www.fretex.no/om-fretex/aktuelt/mannen-som-levde-

paa-fretex 

Fretex. (2018). Arbeid og Inkludering Butikk. Retrieved from https://www.fretex.no/arbeid-og-inkludering/dokumenter-

jobb-og-oppfolging/butikk 

Grant, J. (2007). The Green Marketing Manifesto. John Wiley & Sons, Ltd. 

Hinyard, L. J., & Kreuter, M. W. (2007). Using Narrative Communication as a Tool for Health Behavior Change: A 

Conceptual, Theoretical, and Empirical Overview. Health Education & Behaviour, 34(5), 777–792. 

https://doi.org/10.1177/1090198106291963 

Hollander, M. C. Den, Bakker, C. A., & Hultink, E. J. (2017). Product Design in a Circular Economy Development of a 

Typology of Key Concepts and Terms, 21(3). https://doi.org/10.1111/jiec.12610 

Jansen, C. (2017). Developing Persuasive Health Campaign Messages. In A. Black, P. Luna, O. Lund, & S. Walker (Eds.), 

Information Design Research and Practice (pp. 669–683). Routledge. 

Kirchherr, J., Reike, D., & Hekkert, M. (2017). Conceptualizing the circular economy: An analysis of 114 definitions. 

Resources, Conservation and Recycling, 127(April), 221–232. https://doi.org/10.1016/j.resconrec.2017.09.005 

Kostelnick, C. (2017). Social and cultural aspects of visual conventions in information design. In A. Black, P. Luna, O. 

Lund, & S. Walker (Eds.), Information Design Research and Practice. Routledge. 

Kreuter, M. W., Green, M. C., Cappella, J. N., Slater, M . D., Wise, M. E., Storey, D., … Woolley, S. (2007). Narrative 

Communication in Cancer Prevention and Control: A Framework to Guide Research and Application. Annals of 

Behavioural Medicine, 33(3), 221–235. https://doi.org/https://doi.org/10.1007/BF02879904 

Lichaw, D. (2016). The User’s Journey: Storymapping Products That People Love. Rosenfeld. 

Lightfoot, H., Baines, T., & Smart, P. (2013). The servitization of manufacturing: A systematic literature review of 

interdependent trends. International Journal of Operations and Production Management, 33(11/12), 1408–1434. 

https://doi.org/10.1108/IJOPM -07-2010-0196 

LiveWork. (2018). Tools: cross channel views. Retrieved from https://www.liveworkstudio.com/tools/cross-channel-views/ 

Malone, E., Hultman, N. E., Anderson, K. L., & Romeiro, V. (2017). Stories about ourselves: How national narratives 

influence the diffusion of large-scale energy technologies. Energy Research and Social Science, 31(May), 70–76. 

https://doi.org/10.1016/j.erss.2017.05.035 

Moys, J.-L. (2017). Visual rhetoric in information design. In A. Black, P. Luna, O. Lund, & S. Walker (Eds.), Information 

Design Research and Practice. Routledge. 

Norman, D. (2013). The Design of Everyday Things (Revised an). New York: Basic Books. 

Nudd, T. (2011). Ad of the Day: Patagonia. Retrieved from http://www.adweek.com/brand-marketing/ad-day-patagonia-

136745/ 

Nussbaum, M. (1998). Cultivating Humanity. Harvard University Press. 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

534



Patagonia. (2011). Don’t Buy This Jacket, Black Friday and the New York Times. Retrieved from 

https://www.patagonia.com/blog/2011/11/dont-buy-this-jacket-black-friday-and-the-new-york-times/ 

Peattie, K., & Crane, A. (2005). Green Marketing: legend, myth, farce or prophesy? Qualitative Market Research: An 

International Journal, 8(4), 357–370. 

Piscicelli, L., & Ludden, S. (2016). The potential of Design for Behaviour Change to foster the transition to a circular 

economy. In DRS 2016, Design Research Society 50th Anniversary Conference. (pp. 1–16). 

https://doi.org/10.21606/drs.2016.489 

Polaine, A., Løvlie, L., & Reason, B. (2013). Service Design: from insight to implementation. Brooklyn, N.Y.: Rosenfeld 

Media. 

Quesenbery, W., & Brooks, K. (2010). Storytelling for User Experience: Crafting Stories for Better Design. Rosenfeld. 

Rex, E., & Baumann, H. (2007). Beyond ecolabels : what green marketing can learn from conventional marketing, 15. 

https://doi.org/10.1016/j.jclepro.2006.05.013 

Saco, R. M., & Goncalves, A. P. (2008). Service Design: An Appraisal. Design Management Review, 19(1), 10–19. 

https://doi.org/10.1111/j.1948-7169.2008.tb00101.x 

Schneider, J., Stickdorn, M., & Andrews, K. (2011). This is service design thinking: basics, tools, cases. Amsterdam: Bis 

B.V. 

Schotman, H., & Ludden, G. D. S. (2014). User acceptance in a changing context: why some product-service systems do not 

suffer acceptance problems. Journal of Design Research, 12(3), 188–203. https://doi.org/10.1504/JDR.2014.064231 

Spring, M., & Araujo, L. (2016). Product biographies in servitization and the circular economy. 

https://doi.org/10.1016/j.indmarman.2016.07.001 

Spring, M., & Araujo, L. (2017). Product biographies in servitization and the circular economy. Industrial Marketing 

Management, 60, 126–137. https://doi.org/10.1016/j.indmarman.2016.07.001 

The Great Recovery. (2015). Rearranging the Furniture. 

Tukker, A. (2004). EIGHT TYPES OF PRODUCT – SERVICE SYSTEM  : EIGHT WAYS TO SUSTAINABILITY ?, 260, 

246–260. 

Tukker, A. (2013). Product services for a resource-ef fi cient and circular economy e a review. Journal of Cleaner 

Production. https://doi.org/10.1016/j.jclepro.2013.11.049 

Van Den Hende, E. A., Dahl, D. W., Schoormans, J. P. L., & Snelders, D. (2012). Narrative transportation in concept tests 

for really new products: The moderating effect of reader-protagonist similarity. Journal of Product Innovation 

Management, 29, 157–170. https://doi.org/10.1111/j.1540-5885.2012.00961.x 

Van Den Hende, E. A., & Schoormans, J. P. L. (2012). The story is as good as the real thing: Early customer input on 

product applications of radically new technologies. Journal of Product Innovation Management, 29(4), 655–666. 

https://doi.org/10.1111/j.1540-5885.2012.00931.x 

Vargo, S. L., & Lusch, R. F. (2004). Evolving to a New Dominant Logic for Marketing. Journal of Marketing, 68(1), 1–17. 

Weelden, E. Van, Mugge, R., & Bakker, C. (2016). Paving the way towards circular consumption  : exploring consumer 

acceptance of refurbished mobile phones in the Dutch market. Journal of Cleaner Production, 113, 743–754. 

https://doi.org/10.1016/j.jclepro.2015.11.065 

Zachrisson, J., & Boks, C. (n.d.). A framework for selecting sustainable behavior design strategies, 4. 

Zachrisson Daae, J., & Boks, C. (2014). Dimensions of behaviour change. Journal of Design Research, 12(3), 145. 

https://doi.org/10.1504/JDR.2014.064229 

 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

535



Zero waste to landfill and the circular economy approach: 
 

the Aptar case-study. 
 

 
 
 
 
 

Michele Del Grosso1-2, Alberto Simboli2, Nando Cutarella1, Andrea 

Raggi2
 

 
1Aptar Italia SpA, San Giovanni Teatino, Chieti, Italy,  michele.delgrosso@aptar.com; nando.cutarella@aptar.com 

2University “G. d’Annunzio”, Pescara. Italy, a.simboli@unich.it; a.raggi@unich.it 

 

 
Abstract 
In the framework of Circular Economy, operating programs and strategies - such as the so-called “Landfill free” or “Zero- 

waste to landfill” programs - have been recently launched worldwide to stimulate companies to implement clear and stable 

sustainable policies and tools for the waste management. This article presents and discusses the experience gained by 

Aptargroup (Aptar), a leading corporation in the packaging industry, in the adoption of a “landfill free” internal regulation. 

The lesson learned from successful experiences can be useful for scholars and practitioners to understand variables, benefits 

and criticalities related to their application 

 
Keywords: Circular Economy; Waste Management; Zero waste to landfill; Landfill free; packaging industry. 

 

 
 
 

1.      Introduction 
 

In the last few years the concept of Circular Economy (CE) has been receiving increasing attention worldwide as a way to 

overcome the current production and consumption model based on continuous growth and increasing resource throughput 

(Haas et al., 2015). Implementing practices for a CE transforms the way companies do business through the adoption of cleaner 

production patterns at company level, an increase of producer’s and consumer’s responsibility and awareness, the use of 

renewable technologies and materials (wherever possible) as well as the adoption of suitable, clear and stable policies and 

tools for waste management (Lieder and Rashid 2016). This mean that CE requires a transformation of both production and 

consumption systems: the standard approach for designing, manufacturing and trading products is challenged. For  these 

reasons, CE  is  encouraged  by  many governments and international organizations and is considered a valid tool to meet the 

environmental and economic challenges of this historical period (Lieder and Rashid, 2016). Unlike the traditional linear take- 

make-consume-dispose approach, a CE seeks to respect planetary boundaries through increasing the share of renewable or 

recyclable resources while reducing the consumption of raw materials and energy and, at the same time, cutting emissions 

and material losses. Approaches such as eco-design, as well as sharing, reusing, repairing, refurbishing and recycling existing 

products and materials will play a significant role in maintaining the utility of products, components and materials and 

retaining their value (Figure 1).
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Figure 1. A Circular Economy framework (source: Lieder and Rashid,2016) 
 
 
 

The transition to a CE is multifaceted and needs to involve governments, businesses and finance, civil society and citizens. It 

requires different business and finance models, together with technological, organizational and social innovation, as well as 

the acquisition of new skills and knowledge through information and education (EEA, 2016). Operating programs and 

strategies (such as the so-called “Landfill free” or “Zero-waste to landfill” programs) have been launched by public bodies and 

private companies to implement those principles (e.g. Curran et al, 2012; Greyson, 2007; Song et al., 2015). 

As Zaman (2015) recognizes in a recent literature review, the Zero Waste (ZW) is a holistic approach for achieving sustainable 

waste management systems. The term “zero waste” was first used in 1973 (Palmer, 2004) for recovering resources from 

chemicals, but the concept has attracted much public attention in the late 90’s, especially in support of more efficient 

management policies for urban wastes. During time, a number of organisations worldwide have adopted the concept of ZW, 

setting a target of ZW disposals to landfill, and numerous initiatives have been promoted in support of these actions, both in 

the scientific and business world, such as the Zero Waste International Alliance (ZWIA) (http://zwia.org/). At company level, 

ZW can be described as a set of management and planning solutions, which emphasize waste prevention -more than recycling 

and reuse- solutions, directly influencing choices about products, packaging and manufacturing processes. 

The lessons learned from successful experiences can  help scholars and practitioners understand variables, benefits and 

criticalities related to the application of such programs. With the aim of highlighting synergies and potential interactions 

between CE and waste management, this article presents and discusses the role played by CE as part of the sustainability 

strategy of Aptargroup (Aptar), a leading corporation in the packaging industry. Since 2013 Aptar has developed a Landfill 

Free certification based on the Zero Waste International Alliance Protocol (www.zwia.org), the main goal has been to stimulate 

the optimization of waste management in the company’s facilities, with special focus on the reuse and recycle of production 

scraps, in compliance with CE approaches, to obtain: reduction of greenhouse gas emissions; security of supply of raw 

materials; increase of competitiveness. 

 
2.      Methods 

 

The approach followed is mainly inductive, drawing on the principles of case study and interpretative research (Yin, 2014; 

Eisenhardt, 1989). The used data and information have qualitative and quantitative nature. The structure of the study and the 

categories of factors identified derive mainly from the empirical experiences gained by Aptar in developing the ZW program. 

Sources of data and information are mainly reports and documents provided by Aptar (Aptargroup, 2013; 2017). These data 

were managed to provide an overview of the underlying motivations, criteria, indicators and procedures that characterized the 

implementation of the regulation in the various Aptar’s plants at a global level. Those information considered confidential have 

been omitted.
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3.      Results and Discussion 

 
3.1 Introduction to Aptar 

 
Aptar is a leader in the dispensing solutions niche of the packaging industry, with a market focus on three business segments 

(Beauty+Home, Food+Beverage, Pharma). Aptar operates in 18 countries with 12,700 employees and 48 plants located in 

different world  regions. Aptar has been  concerned for several years  with  sustainability aspects, with  special focus on 

vironmental and energy issues, and is currently considered a sectoral benchmark on those matters. Among the studies 

undertaken: an initial cradle-to-gate Life Cycle Assessment (LCA) on a sample product, then extended to other items; the 

development of simplified tools for the dynamic assessment of the environmental impacts of transports, materials and energy 

use; the analysis of end-of-life scenarios of their products, based on EU-wide databases. Some of the improvement actions 

conducted in recent years,  which have affected different aspects of the company structure, include: organizational and 

managerial actions (ISO 14001 for EMS and ISO 50001 for EnMS); research collaboration (partnership with “G. d’Annunzio” 

University, Pescara; “Aptar Italia awards” and involvement in Industrial PhD program); plant-level actions (energy efficiency); 

product-related actions (materials and weight optimization, product logistics); waste and scraps actions (reuse and recycling, 

internal Landfill Free certification); supply chain actions (intermodal project for logistics and LCA on full aerosol packaging); 

marketing and communication actions: (labels, such as ISO 14025 EPD, CDP and GRI reports). These actions have enabled 

Aptar to become a forerunner for the entire sector. 

 

 
3.2 The Aptar’s “Landfill Free” regulation 

 
Aptar launched the Landfill Free (LF) project in July 2013. The relevant guidelines had been developed since the beginning 

of the year 2013 involving diverse expertise and a number of Aptar plants as pilot applications. The LF project is part of a ZW 

philosophy that aims to increase the awareness of employees, suppliers and stakeholders; it is based on the Zero Waste 

International Alliance (ZWIA) guidelines (zwia, 2013), designed to recognize businesses that have a ZW goal, have reduced 

their waste disposal to landfill and incinerators. The application of this standard allows the reduction of environmental impact 

thanks to the reuse and recycling of industrial waste.  The main goals of Aptar’s LF project are: 

 

    fulfilling the 2030 Aptargroup Vision and reducing the environmental impact of processes; 
 

    reduction of waste production improving the efficiency of production processes; 
 

    encouraging reuse and recycling activities; 
 

    full compliance with environmental laws reducing environmental risks; 

 
The LF certification requires that each plant reuse and recycle at least 90% of the industrial waste, thus avoiding it to be 

landfilled. The regulation establishes a certificate validity for 3 years and the verification is conducted by external auditors in 

collaboration with the internal sustainability team. In terms of waste treatment scenarios, in compliance with the waste 

hierarchy principles (article 4, chapter I, Directive 2008/98/EC), the LF regulation identifies as virtuous treatments the 

recovery of waste to energy, recycling, reuse and minimization of waste generation. The program presents a scorecard system 

based on blocks with different indicators allowing each site to achieve a maximum score of 100 points (Table 1).
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Table 1. Landfill Free scoring system 

 

 
 

 
 

Block 0 -Landfill Free- is the baseline for the achievement of LF ratio (at least 90% of waste recovered). The formula used for 

this calculation is a ratio of the total amount of waste sent to disposal (e.g. to landfill, incinerator or chemical physical 

treatment) to the total amount of waste generated by the plant. 

 
Block 1 - (Waste reduction- (Table 2) is based on the management of waste reduction actions. The maximum score that a plant 

can achieve is 15 points, shared among the following sections: 

 
    Waste to disposal: this is based on the ratio between the total amount of waste to disposal and total weight of 

components and products produced. 

    Total waste generated: this is based on the ratio between the total amount of waste generated and total weight of 

components and products produced. 

    Waste to recovery: this is based on the ratio between the total amount of waste recovered and total weight of waste 

to recovery and to disposal. 

 

Table 2. Landfill Free – Block 1 Waste reduction 

 

 
 

Block 2 - Risk compliance – (Table 3) is based on the management of non-conformities linked to the environmental risk 

management compliance of a plant. The maximum score that each plant can achieve is 20 points for the following sections: 

 

    Non-conformity: this type of non-conformity is related to aspects that cannot damage significantly the environmental 

features. 

    Critical non-conformity: this type of non-conformity is related to legal aspects that can affect the compliance of a 

plant as regards the management of environmental features.
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Table 3. Landfill Free – Block 2 Risk compliance 

 

 
 

As far as this block is concerned, the LF certification requires annual surveillances with appropriate audit sections based on 

stage 1 (documental) and stage 2 (on site) where lead auditors check the application of the LF regulation. Aptar developed 

also an informatics platform (SAP based) where Aptar sites can upload (monthly based) waste data allowing Aptar the 

supervision of LF ratios. 

 

Block 3 - Economic benefit – (Table 4) is based on the total saving (expressed in €) that each plant can obtain from the 

optimization of waste management aspects. The maximum score that a plant can achieve is 5 points, based on the following 

turnover ranges: 

 

    plant with turnover < 10 millions of euro; 
 

    plant with turnover between 10 and 100,000 millions of euro; 
 

    plant with turnover > 10 millions of euro; 
 

 
Table 4. Landfill Free – Block 3 Economic benefit 

 

 
 

The LF certification requires each plant to identify and classify, through  an internal mapping, the (hazardous and not 

hazardous) waste generated by its core processes with the aim to identify and quantify the different activities and flows linked 

to each waste. After this step, the different waste treatment (recovery or disposal) scenarios are identified and specific data 

(such as the percentage of recovery and disposal) are collected on site and at external waste treatment plants. The main goal 

of the external data collection at external waste treatment plants is to check the legal compliance of these suppliers as regards 

authorizations, permissions  and licenses  to  transport and  manage  industrial  waste.  Indeed,  a critical  issue  for  the  LF 

certification is the reliability of those documents before starting a relationship with suppliers for the treatment of waste. 

Considering the internal approach, the LF certification requires each plant to define goals and targets, to arrange training 

sessions for the improvement of awareness about the internal waste management and to calculate/estimate the internal reuse 

of waste (for, e.g., pallets, boxes, plastics…). These inputs are used for the calculation of internal LF scores based on the 

different blocks described above. In terms of roles, responsibilities and authorities, the top management is responsible for the 

development, implementation and maintenance of the waste management system and the aligning of its elements with the 

existing management structure and responsibilities. Each plant must appoint (a) specific Management Representative(s) and/or 

a team for the waste management system who has the authority to apply the regulation ensuring that a waste management
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system is established, implemented and maintained in compliance with the requirements of the  LF regulation. The LF 

regulation has been implemented in various Aptar sites located in different regions (Europe, North America, Latin America). 

Aptar has registered 22 certified sites since 2014 (Table 5). 

 

 
Table 5. Aptar’s Landfill Free sites certified 

 
 

Aptar Site 

 
Country 

Sustainability 

Region 

Certification 

Year 

Ballinasloe Ireland Europe - B+H 2017 

Cali Col ombia Latin America 2017 

Cajamar Brazil Latin America 2016 

Maringa Brazil Latin America 2016 

Cary Campus U.S.A., IL North Ame rica 2016 

Libertyville U.S.A., IL North Ame rica 2016 

Lincolnton U.S.A., NC North Ame rica 2016 

Ckyne Czech Republi c Europe - F+B 2015 

Le Neubourg France Europe - B+H 2015 

Le Vaudreuil France Europe - Pharma 2015 

Mezzovico Switzerland Europe - Pharma 2015 

Queretaro Mexico Latin America 2015 

Stratford U.S.A., CT North Ame rica 2015 

Mukwonago U.S.A., WI North Ame rica 2015 

Charleval France Europe - B+H 2014 

Poincy France Europe - B+H 2014 

Verneuil France Europe - B+H 2014 

Dortmund Germany Europe - B+H 2014 

Menden Germany Europe - B+H 2014 

Chieti Italy Europe - B+H 2014 

Pescara Italy Europe - B+H 2014 

Torello Spain Europe - B+H 2014 

 

 
At each Aptar site the implementation of this regulation has also required a strong support from the local sustainability team 

in order to be also in compliance with the local environmental law. The implementation phase has presented the following key 

points: 

 

-      support to local team for the identification and classification of the industrial waste produced; 
 

-      support to local team for the internal and external mapping with quantification of waste produced; 
 

-      support to local team for the legal compliance of the waste management at external waste treatment plants; 
 

-      support for audit activities and internal management system activities. 

 
In 2017 the LF regulation was updated in order to improve the scoring system and the compliance with the corporate 

sustainability strategy, with special focus on the minimization and management of the environmental risks. 

 

The main critical aspects in the implementation of the LF regulation have been as follows: 

 
  the separation and classification of industrial waste produced at the various production areas, due to the difficulty for 

the employees to improve the waste collection (especially considering the implementation of new waste bins); 

  the verification of the legal compliance of the external waste treatment plants (considering the waste management 

supply chain) due to the privacy aspects for authorizations, permissions and licenses; 

  the data collection for the identification and calculation of the real percentage of waste recovered and disposed of by 

the external waste treatment plants through official documentation, such as annual declarations of waste generated; 

  the harmonization of different environmental laws (based on the European, US and Latin American contexts) with the 
 

LF regulation, due to the differences linked regarding the waste management aspects; 

 
Since the years 2013/2014 the implementation of the LF regulation in the Aptar’s sites has generated improvements in the 

waste management with a mindset change in terms of waste recovered and reused internally that has also allowed economic 

benefits in terms of cost savings. Aptar has certified more than 20 facilities in different regions and has recycled more than 

39,000 metric tons of waste. Focusing on the Italian sites of Aptar (Aptar Italia), the implementation of the LF regulation 

allowed Aptar Italia to recycle internally more than 2,000 metric tons of plastics as a by-product material identified as post

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

541



industrial resin (PIR) and reuse internally more than 30% of the total quantity of cardboard boxes and pallets. Another 

important improvement is related to the regulatory aspects, with the minimization of environmental risks thanks to the on-site 

legal compliance audits considering the different local environmental laws. 

 

 
4. Conclusions 

 

As a result of the actions overtaken, Aptar has obtained improvements in waste mapping, classification and separation in order 

to increase the recycling rate throughout the entire supply chain. Another important outcome has been the harmonization (in 

terms of legal compliance) of the LF regulation with the different environmental law contexts of the regions (such as Europe, 

US and Latin America) where Aptar’s LF-certified plants are located. The actions described in this article can be considered 

as a significant example of CE applied at a company level thanks to a development of LF regulation that promotes the 

reduction, reuse and recycling of the waste generated; these results can be useful to enlarge the scientific and operating 

knowledge for scholars and practitioners in that field of activities. 
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Abstract 

The environmental goods sector (EGS) has a positive environmental impact by reducing and minimizing pollutions, wastes, 

hazardous substances and the use of natural resources as well as promoting environmental-friendly technologies. The trade in 

the EGS is a part of the transformation to the sustainable economic and environmental policies, e.g. circular economy, clean 

technology. The topic of green trade is widely discussed in the international forum because of the negotiation on the 

liberalization in trade EGS, which can lead to reduce tariff barriers and customs duty. However, there are many issues which 

are related to this topic such as environmental products, which can be used for non-environmental goals and lack of standard 

classification in EGS. Nowadays there are few lists of environmental products and service, therefore, the development of the 

EGGS strategy is a difficult challenge for today's global economies. The exchange of these products and services counts still 

a small share in the turnover, but it shows a growing tendency. The analysis was conducted based on the 54 products introduced 

by APEC in 2012. The aim of the paper is to demonstrate the tendencies in trade in EGS between Poland and other EU 

countries, especially in the context of environmental policies which have been introduced for the last several years. In the 

paper, there is also devised a demand trend for environmental products The good practices developed may be a 

recommendation for the development of the EGS sector in Poland. 

 

Keywords: environmental goods, international trade, manufacturing sectors  

1. Introduction  

Environmental goods sector (EGS) is one of the key elements involved in the development of pro-environmental strategies, 

e.g. Agenda for Sustainable Development (Arun et al. 2017 ; Araya 2016) and decoupling (Bucher H. et al., 2014, ). Demand 

for environmental products as well as “green” services are expected to continue to increase, the market reached “USD 866 

billion in 2011, and is expected to rise to USD1.9 trillion by 2020” (Bucher H. et al., 2014). On the other hand, there is a need 

to strengthen trade of these products and services; by means of promoting environmental-friendly solutions. This could he 

accomplished through the use of renewable energy, waste management and recycling, air control pollution as well as reducing 

adverse environmental impact and climate change mitigation. 

The most important aspects of the trade in this sector are the environmental lists of products or services. Nowadays many 

organizations have developed these lists among others United Nations Conference on Trade and Development, Asia-Pacific 

Economic Co-operation (APEC), European Commission, Organization for Economic Co-operation and Development 

(OECD)/Eurostat (Sugathan, 2016). The issues of defining environmental sector are as follows: the number of environmental 

products and/or service and the idea of demand hierarchy for these products and service, i.e., in 1996 OECD/Eurostat presented  

a document which covers a wide range of products and services related to pro-environmental industry (OECD/GD(96)117). 

This document divides environmental sector into three groups such as Group A - Pollution Management, Group B - Clean 

technologies and Products, Group C - Resource Management Technologies. Also, in 2012 during the 20th meeting in 
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Vladivostok in Russia APEC founded the first agreement to liberalize the trade. There, members of APEC introduced 54 

environmental products based on Harmonized Commodity Description and Coding Systems (HS). According to this agreement 

“reduce applied tariff rates to 5 percent or less by the end of 2015” (20th APEC Economics Leaders’ Declaration, Vladivostok, 

Russia. Annex C: APEC List of Environmental Goods). When defining environmental goods, it is also very important to take 

into account, probabilities of multi-purpose uses of these products i.e. some of the green products can be used not only for the 

environmental purpose for example: 847989 “Machines And Mechanical Appliances Having Individual Functions, Not 

Specified Or Included Elsewhere In Chapter 84”, 903289 „Automatic regulation and control instruments and apparatus 

(excluding thermostats, manostats, and hydraulic types) (Vossenaar, 2013). 

In 2014, negotiations were started on the implementation of Environmental Goods Agreement between 17 members1 of World 

Trade Organization (WTO). The topic of the discussion liberalization of the trade in green goods based on a list of EGS 

introduced by APEC in 2012 (European Commission, Final Report Trade Sustainability Impact Assessment on the 

Environmental Goods Agreement).  Over the past years, EU-28 has been one of the leaders in trade in environmental products, 

which is why the participation of the European Union is so important during negotiations (Vossenaar, 2013; Ambroziaka 

2015). According to Eurostat, trade in 54 products classified by APEC, in 2013 in EU was 71 billion EUR of export and 34 

billion EUR of import. In the context of the development of environmental policy as well as socio-economic aspects, the article 

presents trends in internal market and trade in environmental products between Poland and EU-28 and identifies the key 

regulations for the development of Polish import and export of environmental goods. 

2.  The tendency of trade in environmental goods between Poland and EU-28 

The analysis of environmental products was conducted on the basis of the classification introduced by APEC in 2012 (Annex 

C—APEC List of Environmental Goods to the 2012 APEC Leaders’ Declaration, released on September 9, 2012, in 

Vladivostok, Russia.). According to applicable rules (Council of Ministers' decree, 2015) goods have been put in Section C of 

Polish Classification of Activity (MANUFACTURING)2: 

 Division: 28 - Manufacture of machinery and equipment n.e.c. – 23 products;  

 Division 27 Manufacture of electrical equipment - 6 products; 

 Division 26 - Manufacture of computer, electronic and optical products statistics – 20 products;  

 Division 25 Manufacture of fabricated metal products, except machinery and equipment – 4 products. 

Most of the products in the divisions supports activities such as: waste management and recycling (waste incinerator, 

wastewater management, water/wastewater filtration technologies, water treatment plants, solid waste treatment, preparing 

organic waste for composting, waste separator machines), renewable energy (solar thermal energy, PV cells, wind turbines, 

production of biomass flue, convert DC). Consequently, air control is implemented as a contemporary strategy for 

environmental protection, for example a circular economy and principles of minimizing the negative impact on the 

environment, e.g. clean production rules. 

The value of export of the products from Poland to EU-28 in 2010-2016 increased by 69% (Tab.1) and import by 66% (Tab. 

2). Over the past years, Division 28 has had the most significant share in the export of environmental products. The decreasing 

share in global export from Poland to other EU countries was recorded for the Division 25. Goods are mainly exported to 

(Germany, France). Taking into account the percentage share of a given country in 2010-2016 in particular sectors, the largest 

recipients of this group of products were: 

                                                      
1 European Union, Australia, Canada, China, Chinese Taipei, Costa Rica, Hong Kong (China), Japan, New Zealand, Norway, 

Singapore, South Korea, Switzerland, and the US. Israel, Turkey, Iceland (joined in 2015). 
2 The analysis does not include products such as: 441872 (HS 2007): Other Assembled Flooring Panels, Multilayer, of 

Bamboo (44187210) 
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 Division 25 (Germany 39%, United Kingdom 13%) 

 Division 26 (Germany 49%, United Kingdom 7%) 

 Division 27(Germany 53%, France 8%) 

 Division 28 (Germany 44%, Denmark 8%, United Kingdom 7%) 

Table 1. The value of export of environmental goods in the various divisions of Polish Classification of Activity from 

2010 to 2016 (current price, millions EUR). 

  2010 2011 2012 2013 2014 2015 2016 

Division 25 121 140 106 59 49 43 49 

Division 26 391 328 295 341 805 909 645 

Division 27 362 359 368 360 360 309 327 

Division 28 472 451 543 541 546 772 916 

Sum 1347 1279 1313 1302 1760 2034 1937 

Source: Own study based on data from Central Statistical Office. 

In contrast to exports, import from the EU-28 to Poland saw an increase in each division over 2010-2016 (tab.2). Division 28 

marked the largest share in import; the marginal share of the total import was held by the 25th Department. The main countries 

from which Poland imports environmental products are (Germany and Italy). Taking into account the percentage share of a 

given country in 2010-2016 in particular sectors, the most substantial recipients of this group of products were: 

 Division 25 (Germany 53%, Finland 17%, Czech Republic 8%) 

 Division 26 (Germany 49%, Italy 12%, Spain 9%) 

 Division 27 (Germany 43%, Italy 9%, France 7%) 

 Division 28 (Germany 50%, Denmark 11%, Spain 9%) 

Table 2. The value of import of environmental goods in the various divisions of Polish Classification of Activity from 

2010 to 2016 (current price, millions EUR). 

  2010 2011 2012 2013 2014 2015 2016 

Division 25 32 55 31 25 60 61 73 

Division 26 544 547 516 569 689 752 725 

Division 27 194 243 263 244 310 326 326 

Division 28 884 934 1088 1112 1452 1814 1382 

Sum 1653 1778 1898 1950 2511 2953 2505 

Source: Own study based on data from Central Statistical Office. 

Export from Poland into EU: 

1. 840410 - Auxiliary plant for use with boilers of heading 84.02 or 84.03 (for example, economisers, super-heaters, 

soot removers, gas recovers'); condensers for steam or other vapour power units. (Division 25) 

2. 841290 - Other engines and motors – Parts (Division 28) 

3. 841780 - Other industrial or laboratory furnaces and ovens, including incinerators, non-electric (Division 28) 

4. 841939 - Dryers, other (Division 28) 
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5. 841960 - Machinery for liquefying air or other gases (Division 28) 

6. 842121 - Filtering or purifying machinery and apparatus for liquids: for filtering or purifying water. (Division 28) 

7. 842129 - Filtering or purifying machinery and apparatus for liquids: other (Division 28) 

8. 842139 - Filtering or purifying machinery and apparatus for gas (other than intake air filters for internal combustion 

engines) (Division 28) 

9. 850231 - Other electric generating sets: Wind-powered (Division 28) 

10. 850239 - Electric generating sets and rotary convertors: other (Division 27) 

11. 851410 - Resistance heated furnaces and ovens (Division 28) 

12. 851420 - Furnaces and ovens; functioning by induction or dielectric loss (Division 28) 

13. 851490 - Parts of industrial or laboratory electric furnaces and ovens; other laboratory induction or dielectric heating 

equipment (Division 28) 

14. 902680 - Other instruments and apparatus (Division 25) 

15. 902710 - Gas or smoke analysis apparatus (Division 25) 

16. 903149 - Other measuring and checking instruments, appliances and machines, not specified or included elsewhere 

in this chapter: Other optical instruments, appliances and machines elsewhere specified for measuring or checking 

(Division 25) 

Import from EU into Poland: 

1. 840490 - Parts for auxiliary plant for boilers, condensers for steam, vapour power unit (Division 25) 

2. 841199 - Parts of gas turbines (Division28) 

3. 841919 - Instantaneous or storage water heaters, non-electric (other than instantaneous gas water heaters) (Division 

27) 

4. 842139 - Filtering or purifying machinery and apparatus for gas (other than intake air filters for internal combustion 

engines) (Division 28) 

5. 854140 - Photosensitive semiconductor devices, including photovoltaic cells whether or not assembled in modules 

or made up into panels; light emitting diodes (Division 26) 

6. 854390 - Parts of the machines and apparatus of 85.43 (Division 27) 

7. 902610 - Instruments for measuring or checking the flow, level, pressure or other variables of liquids or gases 

(Division 26) 

8. 903149 - Other measuring and checking instruments, appliances and machines, not specified or included elsewhere 

in this chapter: Other optical instruments, appliances and machines elsewhere specified for measuring or checking 

(Division 26). 

In 2010-2016, the balance of trade in environmental products was negative. Despite high export dynamics in department 28, 

in 2010-2016, imports exceeded exports. In 2016, the balance was EUR -568 million, of which 83% had Division 28, which 

is both the largest importer and exporter. The second sector in terms of exports was Division 26, which had only in the years 

2014-2015 had a positive balance. Therefore, based on analysis of  the tendencies in trade exchange of particular environmental 

products, it has been concluded that  the most prospective of these products in the Divisions (more than double increase in the 

analyzed period) are: 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

546



Due to the greater volatility in the structure of exports from Poland to the EU-28, a definite increase was noted in 12 sections 

out of 58, and imports in 8. Nevertheless, the sectors mentioned above are considered prospective in the trade between 

Poland and EU-28. 

On the basis of the data obtained from the Central Statistical Office, the values corresponding to production, import, and export 

for the years 2010 - 2016 were determined for individual environmental goods classified to the PKD Divisions: 25, 26, 27, 28 

(aggregated values shown in Figure 1). Some of the data were obtained in PLN and another part in EUR. Then these data were 

converted according to the annual average exchange rate of euro. Individual values in categories are characterized by the year-

on-year volatility of up to 70%. 

 

Figure 1. The value of marketed production, import and export between Poland and Eu-28 related to environmental 

products [millions EUR] 

Source: Own study based on data from Central Statistical Office. 

Production amount represented in Euros, increases on average by 9.5%. It is also noticeable that exports from Poland to the 

EU are larger (2010: 67% of all export, 2016: 63%) than imports from the EU to Poland (2010: 44% of all import, 2016: 59%). 

Nevertheless, Polish imports are more than exports (by 85% in 2010 and 40% in 2016); one of the reasons is the capital-

intensive production of environmental goods and higher technological requirements in relation to other industries has become  

The observed increase in demand took place mainly in divisions 27 and 28. The most significant increase in demand was 

observed in department 25 – nearly tripled; this division increased its share in the group of environmental goods from 1.9% to 

over 4%. The goods included in this division were characterized by the most volatile demand because between 2013 and 2016 

they increased more than five times. The demand for goods included in chapter 28, which constitutes the largest share in the 

group (43.1% in 2010 and 42.8% in 2016), increased by 37%, or one percentage point less than the demand for goods in the 

whole group of environmental goods. The second group in terms of share is division 26 (34.6% in 2010 and 30% in 2016). 

The demand for goods in this group from 2012 to 2015 was lower by several dozen percents than in 2010, but already in 2016 

it was higher by 19%. Among the analysed four divisions, the most steady upward trend was observed for division 27. 

The share of imports from the EU to Poland increased for division 28 from 27.2% to 31.09%, and in terms of money more 

than twofold increased for goods from section 25. In all groups, there was an increase by at least 50%. For all departments, 

the share of imports in the total demand for environmental goods increased from 22% to over 24%. 
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The more volatile structure was for exports than for imports, exports from Poland to EU fell in section 25 (by 60%) and in 

department 27 (by 10%). Exports from Poland to the EU increased by over 90% for section 28 and for department 26 by over 

60%. 

3. Demand trend of environmental products in Poland 

For the variables of the trend, the apparent demand for goods (DEG) was calculated without taking into account the volume 

of goods storage: 

DEG (year)=production(year)+import(year)-export (year)       eq.1 

The demand expressed in monetary terms for environmental goods in relation to this size from 2010 (iDEG) expresses the 

following equation: 

iDEG (year)=DEG(year)/DEG(2010year-1)        eq. 2 

ip(year)=EUR/PLN(year)/EUR/PLN(2010year-1)        eq. 3 

where: 

EUR/PLN – average yearly exchange rate EUR/PLN 

The exchange GDP related to value from 2010 in the previous year (ig): 

ig(year) = GDP (year)/GDP (2010year-1) 

GDP – Gross Domestic Product in Poland 

Taking into account the multiple regression analysis for the data: year, ip, ig, the following dependence on the computational 

value of iDEG iDEG iDEG' was determined (R2 = 0.997). 

iDEG’ (year)= -0.0002300197*year-0.582191.7085*ip(year)+2,0230846.52917*ig(year) eq. 4 

The next stage of the analysis was using the data published by the Ministry of Finance and Development regarding the forecast 

of the macroeconomic GDP growth of the Polish economy (ig') (Ministry of Finance and Development, 2017). Including the 

euro (ip'), a 4-year forecast was calculated based on the trend determined in equation 4. 
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Figure 2.. iDEG, iDEG’, ip, ig for real values and predicted (2017-2020)] 

Source: Own study based on data from Central Statistical Office. 

Due to the assumed drop in the value of the Euro in relation to the Polish currency and the expected increase in the demand 

for environmental goods, this market in Poland should expand within the marketplace. An increase in demand is expected for 

all groups of environmental goods, but the largest increase is estimated for divisions 25 and 27. 

Given the low level of technological development of Poland in comparison to EU countries with an increase in the demand 

for environmental goods, a higher increase in imports of goods to Poland is expected than in exports from Poland. The share 

of imports from EU countries to Poland was not exceeded 32% in total demand for particular groups of goods. 

4. Conclusions 

The analysis of trade between Poland and the EU-28 in 2010-2016 was obtained for the demand for environmental goods, in 

particular, the Polish Classification of Activity divisions is characterized by high volatility. These groups of products are both 

crucial for the development of the Polish economy and for maintaining the trend related to environmental protection for Poland 

and EU countries, especially for the implementation of new strategies such as the circular economy. Considering export and 

import between Poland and EU-28, Germany had an unusually large percentage share. There were more significant counts of 

Polish exports to the EU was also observed in the value of the entire export of green products in comparison to the value of 

imports. 

The implementation of sustainable policy at the regional and national level is influenced by the increase in the share of 

environmental products in total trade. Strategies and ideas for environmental protection are included in the priority axes of 

Poland's development. For this reason, many documents are also implemented, such as State Raw Materials Policy (PSP) 

(2018) and Roadmap of transition towards a circular economy (2018). Among the goals of these documents, one can stand out 

the natural environment protection as well as the improvement of the life quality and the social health. One of the ways to 

achieve these goals is the increase mentioned above the share of environmental products in trade. 
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On the other hand, by the exchange of green products and department related to, for instance, waste management or renewable 

energy sources, can be improved. These departments are considered as crucial sectors in environmental protection. It is worth 

noting that the increase of the value trade, as well as the increase in demand, is also affected by non-measurable factors such 

as, for example, social awareness and legal regulations of environmental protection. 

The dependence of the trend set for the demand for environmental products on changes both GDP for Poland and the euro 

exchange rate (EUR/PLN) calculated by year on year was also shown in this paper. 
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Sustainability and shared value: coordination versus 

low-value equilibria in supply-chains. 

Rodrigo Zeidan* Tracy Van Holt† 

Abstract 

Multinational companies have committed to zero deforestation but found that complying with 

these promises is particularly difficult. Many disjointed investments have resulted in small progress 

towards reducing deforestation in many industries in general and the beef industry in particular. 

In this article, we combine a new theoretical two-stage model with an extensive collection of 

primary data related to the beef industry in Brazil. We provide a formal definition of shared value 

and show the conditions for solving the coordination failures in supply-chains that might lead to 

more sustainability-related investments and improved social welfare. The three particular goals 

are: to provide a formal definition of shared value; to derive propositions regarding obstacles to 

sharing of sustainability-related investments and distribution of benefits due to supply-channel 

conflicts; and to illustrate possible paths to solve these conflicts through a case study involving 

the beef industry in Brazil. We formalize channel conflicts (i.e. supply chain conflicts) and shared 

value by using a two-stage model where a  Stackelberg model (1st stage)  is used to describe the 

obstacles in sharing costs and benefits that should be distributed across the supply chain in the 

second stage through a Shapley value. The case study uses primary data from interviews with 

down and upstream companies in the beef industry supply-chain, focusing on deforestation issues 

in the Amazon region. We find that coordination failures are prevalent in the industry, even when 

companies do invest in the creation of shared value. In particular, we find that possible firm-level 

gains are unequally distributed throughout the supply-chain, and marginal benefits do not equal 

marginal contribution (i.e. those that benefit aren’t always the ones who contribute), making a 

Shapley value solution untenable for the beef industry – there is a high likelihood that no 

company(ies) will undertake the necessary investments to generate shared value. But if they are 

are made, for ranchers, the main benefits would be related to cost savings through improved 

operational efficiencies; for retailers, better position to manage and mitigate risk; and for 

slaughterhouses, sales and marketing. The business case for sustainability encounters many 

obstacles, among them coordination failures that lead to low-value equilibria in supply-chains. 

Keywords: Sustainability; Ecopremium; Stackelberg; Coordination failures; Beef Industry; Shared 

Value.  

                                                           
* New York University Shanghai and Fundação Dom Cabral. Email: rodrigo.zeidan@nyu.edu. 
† Center for Sustainable Business, NYU Stern. Email: tvanholt@stern.nyu.edu. 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

551



2 
 

1 Introduction. 

More than 450 multinational companies have committed to zero deforestation in their supply 

chains but have found progress difficult. The rate of deforestation has in fact increased in many 

areas, and particularly in Brazil, where the beef industry drives deforestation for grazing and 

raising soy for feed.   

We combine a new theoretical two-stage model with an extensive collection of primary data related 

sustainable practices by the beef industry in Brazil. Our objective is to demonstrate empirically 

why the lack of coordination of sustainability financing in the beef industry supply chain leads to 

sustainability-related investments, resulting in a low-value equilibrium for the industry and all 

stakeholders..  

This article has three specific goals. First, we provide a financial definition of shared value, the 

concept first defined by Michael Porter at Harvard Business School (need citation).  For this we 

establish the conditions for a high value cooperative equilibrium regarding sustainability-related 

investments and benefits for supply chains. We employ a Stackelberg sequential model (which 

models a supply chain or other complex, directed relationships in business), and include the 

distribution of a Shapley value (essentially a mechanism to distribute excess profits (benefits) to 

the members in a coalition) associated with more sustainable practices in the context of supply 

chains.  Second, we illustrate the emergence of coordination failures through an in-depth case 

study of the beef industry in Brazil, which threatens the Amazon with increased deforestation. 

Finally, we establish possible avenues to deal with the coordination failures by answering questions 

that are derived from the model and interviewing market agents.  

During a two-month period in late 2016 and early 2017 we were part of a multi-stakeholder team 

that conducted interviews regarding the financial impact of sustainability strategies with dozens 

of executives and workers at Brazilian cattle ranches, slaughterhouses and retailers.  McDonalds 

and Carrefour were the retailers that were requiring deforestation-free commitments by suppliers.   

JBS and Mafrig were the slaughterhouses supplying the retailers with deforestation-free beef from 

two groups of ranchers, xx and xx.  These ranchers also had implemented sustainable agriculture 

practices.   We also worked closely with a number of NGOs active on sustainability in the beef 
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sector in Brazil, including the Nature Conservancy, ICF (who provides us with extensive data) 

and Imaflora, and collaborated with the international consulting firm, AT Kearney.  The work 

was partially funded by the Gordon and Betty Moore Foundation. The interviews provide primary 

data for the three propositions developed in the theoretical part of the paper.    

We find that for ranchers the main benefits of sustainability strategies were related to cost savings 

through improved operational efficiencies and increased income related to higher productivity and 

quality; for retailers, improved risk management and mitigation; and for slaughterhouses, 

improved sales and marketing. More important, there are coordination failures that lead to 

underinvestment in the creation of shared value. When investments in improved environmental 

outcomes do happen, firm-level gains are unequally distributed throughout the supply chain, and 

marginal benefits do not equal marginal contributions. We provide possible paths for institutional 

development that enhance outcomes for companies, consumers and stakeholders, presentin 

evidence of the conditions for improved social outcomes related to sustainability investments in 

the beef industry.  

 

2 Distribution of costs and benefits on a 

sustainable supply-chain. 

Competition is usually preferable to coordination in microeconomic settings because it leads to 

lower deadweight loss. But under significant externalities, private and social marginal costs 

differ and pure competitive markets fail to yield socially efficient outcomes. In most markets, 

this means that either regulation or private coordination mechanisms are necessary to combine 

competitive incentives with social benefits. Here we create a framework that defines the possible 

paths toward a sustainable supply chain. We want to answer two fundamental questions: 1) Can 

coordination solve conflicts regarding the part of the supply chain that bears the cost of 

sustainable actions? And 2) How might the financial benefits be more evenly distributed 

throughout the supply chain?  
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To answer the first question, we model sustainability-related investments by extending Modak 

et al. (2016) and Panda et al. (2015) through relating their models of coordination of a 

manufacturer–distributer–retailer supply chain to the Shapley value, a mechanism to distribute 

benefits to members of a coalition. Modak et al (2016) modeled a manufacturer that supplies a 

lot size product that contains a random number of imperfect quality items, and Panda et al 

(2015) modeled a manufacturer that embraced corporate social responsibility (CSR) to capture 

consumer surplus. In both cases we reframe the examples to deal with the case of a two-stage 

supply-chain that in the first stage invests in sustainability (e.g. less resource intensive 

agriculture practices) and in the second reaps the (uncertain) reward (e.g. higher productivity). 

Modak et al (2016) and Panda et al (2015) (henceforth MP) present one-stage games where 

benefits or costs are distributed. Zeidan and Spitzeck (2015) show that sustainability-related 

investments can easily generate positive net present value. Here, in the first stage we solve the 

game in the spirit of MP but, in the second stage, use the Shapley value to analyze the 

implication of distributing benefits according to each company’s marginal contributions. The 

main reason for modifying MP is to highlight the distinct coordination issues in contributions 

and benefits, which are fundamentally homogeneous in MP but not so in the case of the beef 

supply chain in Brazil.    

 

2.1 The first stage: on the distribution of the sustainability 

costs.  

We will demonstrate that investments in sustainable practices can improve quality, productivity 

and operational efficiency and thus generate financial benefits, but for now let’s assume, in the 

spirit of MP, that sustainability is purely a cost concern for firms in the supply chain. MP 

propose a contract-bargaining process to resolve channel conflict and to distribute surplus profit 

among the channel members, once investments (here we model sustainable practices) are taken 

into account. Interestingly, MP’s mechanism is more suitable for the distribution of necessary 

investments than surplus profits.  

Most of what follows come from MP, but we modify and simplify the exposition to relate it to 

our two-stage framework and to issues brought forward by Wilhelm et al (2016) and other 
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authors that consider the required investments for improvement in environmental outcomes. 

Also, we concentrate on the Stackelberg model, instead of comparing outcomes in the other 

typical oligopoly models used in MP (e.g. Cournot and explicit collusion‡). The main reason for 

this approach is to relate our theoretical propositions to the case study regarding the uptake of 

sustainability by the Brazilian beef industry. Unlike a symmetrical Cournot model, there are 

clear leaders in this particular supply chain in Brazil, and a sequential game in which the leader 

(e.g. the retailers) requires changes in the supply chain and invests (or not) and the other firms 

(e.g. the supply chain-- ranchers and slaughterhouses) react is more suitable than one in which 

all players choose the level of investment simultaneously.  

Here are the basics of the first stage. Assume a three-layer supply chain that consists of a 

manufacturer, a distributer and a retailer. The manufacturer produces the products at a unit 

cost c and supplies it to the distributer at a wholesale price wm in a single lot. The distributer 

supplies the product to the retailer at a wholesale price wd. Finally, the retailer satisfies the 

customers’ demand by selling the product at a retail price p. Demand is linear and the price 

cannot be zero. 

The central description of the model comes from the manufacturer investing in sustainability 

and aligning its environmental goals with production and sales. All channel members share the 

costs associated with sustainability through a transfer pricing. Moreover, the manufacturer 

induces other members to get involved in sustainable practices through a code of conduct.  

This is an extension of a Stackelberg game, well understood in the game-theory literature: a 

sequential game in which the leader, in this case the manufacturer, plays first. It is important to 

note that in many scenarios, especially global supply chains, retailers are the leaders. Their 

requirements drive the behavior of the manufacturers—whether it is quality, price, product 

characteristics or sustainability. This is a big challenge because the leader has the power, but 

the follower (the manufacturer/rancher and supplier/slaughterhouse) have to make changes in 

the absence of financial support from the brands (in some cases). For the beef industry we 

                                                           
‡ The three canonical game-theoretical models are known as Bertrand, Cournot and Stackleberg, for the names of the 

authors who proposed them. They all may or may not allow for collusion, depending on the structure of the markets 

that is being analyzed and the possible interactions between companies.  
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analyze in the next section, then, the leader is the retailer, but that does not impact the model 

below.  

 Our innovation comes from the consideration of a sequential game as follows: the distributer (d) 

is the manufacturer's (m) immediate follower and the retailer (r) follows the distributer. Given 

the simplest form of a linear demand, a- bp, the profit functions are: 

𝜋𝑚 = (𝑤𝑚 − 𝑐)(𝑎 − 𝑏𝑝)   (1) 

𝜋𝑑 = (𝑤𝑑 − 𝑤𝑚)(𝑎 − 𝑏𝑝)  (2) 

𝜋𝑟 = (𝑝 − 𝑤𝑑)(𝑎 − 𝑏𝑝)  (3) 

Total profit of the manufacturer is  

𝑣𝑚 = 𝜋𝑚 +
𝛿

2𝑏
(𝑎 − 𝑏𝑝)2   (4) 

All four equations are typical profit functions for each agent, and δ is the fraction of 

sustainability that is the socially responsible manufacturer's concern. The main results (from 

MP) are: (1) the manufacturer's perfect welfare maximizing motive does not resolve channel 

conflict; (2) the pure profit of the decentralized channel is most likely higher when compared 

with centralized pure profit; (3) the contract-bargaining process resolves channel conflict and 

distributes costs among the channel members; (4) the CSR manufacturer acts quite differently 

when compared with a pure profit maximizing manufacturer. For the present paper, the 

propositions in section 2.4 are based, among other things, on a combination of points 1-4. We go 

beyond the original case of CSR or random product quality and consider a shared value that is 

cost enhancing by inducing higher output and lower price. 

The interesting economic implications for the adoption of sustainability practices in modern 

supply-chains are: conflict regarding the distribution of sustainability related investment costs 

throughout the supply-chain is not easily resolved and, most importantly, the manufacturer 

behaves differently than if there are no sustainability-related investments. In the case of the beef 

industry and many others, the standard approach is for retailers to demand environmental-

related investments as a cost of doing business, and sometimes supporting intermediaries and 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

556



7 
 

producers with additional investments or preferred supplier status. Later we illustrate this result 

in the empirical section.  

For now, these results are important because they coincide with empirical evidence in CSR and 

sustainability literature. Specifically, Ayuso et al (2013) conclude that large businesses are the 

most demanding customers in terms of the CSR requirements imposed to their suppliers, 

something that follows naturally from a centralized supply-chain, where the supply-chain leader 

(coordinator) is usually the largest company. It also follows from the established fact that larger 

and listed companies invest more in CSR and sustainability (e.g. Martínez‐Ferrero and Frías‐

Aceituno, 2015 and Fernandez-Feijoo et al. 2014). 

Finally, the uptake in sustainable practices by the sustainability manufacturer is likely driven 

by ample evidence that improved efficiency is only one benefit of sustainability investments. For 

instance, Muñoz and Dimov (2015) describe the characteristics of “insurgent” sustainable 

ventures, which operates as a change agent against an establishment that is not conducive to 

sustainability ideals, Carballo‐Penela and Castromán‐Diz (2015) do the same for proactive 

companies and Zeidan et al (2015) develop the Sustainable Credit Score System for a proactive 

financial institution. Wolf (2014) provides the theoretical rationale for this kind of behavior 

behavior. In essence, all these studies demonstrate that it is possible to leave lower (bad) value 

equilibria – inertia is a powerful incentive for managers to stay the course. In the present 

context, coordination failures among companies in the supply-chain contribute to the business of 

usual of production methods that are environmentally harmful.  
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2.2 On the distribution of the sustainability premium : Shapley 

values, fairness and allocative efficiency . 
 

As stated earlier,   we have started with the conservative premise that sustainable practices in 

supply chains is usually cost enhancing but not revenue increasing, at least in the short-term. 

Moreover, in some instances, if it is just CSR, it may be pure greenwashing (Laufer, 2003). Our 

work goes beyond CSR to investigate the conditions through which investments in sustainable 

practices might enhance value to the entire supply-chain; here, value is more than mere risk 

avoidance. For that purpose, let’s assume that there is a shared value that can only be captured 

by coordination among producers at different stages in the supply-chain. If we call this shared 

value θ, then: 

{
𝜃 > 0 𝑖𝑓 𝑐𝑜𝑜𝑟𝑑𝑖𝑛𝑎𝑡𝑖𝑜𝑛

𝜃 = 0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
   (5) 

This shared value may be due to short term or long term profits and it has to be distributed 

throughout the supply-chain. At first we do not distinguish or define the sources of the shared 

value, but later follow Ortiz‐de‐Mandojana and Bansal (2016), who find that corporate resiliency 

is an outcome of sustainable investments. The main outcomes of social and environmental 

practices (SEPs) are lower financial volatility, higher growth, and lower idiosyncratic risk. There 

are many possible ways to frame a coordinated game to explore the fair allocation of the shared 

value throughout the supply chain. Here we concentrate on a subset of all potential cooperative 

games that are suitable to supply-chain bargaining. Fortunately, the allocative properties of 

cooperative games is a well-established area of the game-theory literature and has already been 

applied to supply-chain issues (for a primer, see Cachon and Netessine, 2006).  

We choose Shapley values as the distributive mechanism of surplus (shared) value throughout 

the supply chain. Unfortunately, there are few empirical results tied to it, given that the 

considerations of Shapley value and fair allocation are usually normative in practice, and not 

directly testable. Nevertheless, combining the normative propositions of the fair allocation of 

surplus in a supply-chain with the results of the previous section on the distribution of the 
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sustainability costs allows us to establish the preferred development path of a sustainable supply 

chain, which we then proceed to illustrate through an in-depth case study. 

We use Moulin (2002) for the general framework of Shapley values and Bartholdi III and 

Kemahlioğlu-Ziya (2005), Rosenthal (2008) and Nagarajan and Sošić (2008) for the specific 

application to supply-chain issues. 

Shapley values come from the response to a fundamental inquiry into the nature of cooperation: 

how should we allocate the surplus generated by such endeavors? Shapley (1953) was the first to 

provide solutions to a class of cooperative games in which the players determine the nature of 

the game itself, rather than being directed in an exogenous setting.  

A simple formulation: N = {1, … , n} players can establish coalitions S C R (the grand 

coalition, or the set of all possible interactions), where π(S) is the profit of each coalition and 

π(i) the profit of player i. Here, what matters are the properties of a Shapley value that 

distributes π(S) to the N players, given all possible coalitions. These properties are: efficiency, 

symmetry, monotonicity, and, most important, the result that establishes that the distribution 

of the Shapley value is proportional to the marginal contribution of each player by taking into 

consideration all the possible coalitions. Formally, the Shapley value is defined as the average of 

the marginal contribution for all coalitions: 

𝜗𝑖(𝜋) = ∑
(|𝑆| − 1)! (𝑛 − |𝑆|)!

𝑛!
(𝜋(𝑆) − 𝜋(𝑆{𝑖}))    (6)

{𝑆;𝑖∈𝑆}

 

Efficiency means that the total gain is distributed: ∑ 𝜗(𝑖) = 𝜋(𝑆)𝑁 . The marginal benefit of each 

player is proportional to its marginal contribution. Symmetry comes from the fact that if two 

players, i and j, have similar marginal contribution, then: 𝜗(𝑖) = 𝜗(𝑗). Monotonicity refers to 

the fact that if one player is subtracted from the game, with her corresponding contribution, no 

other player can have her profit augmented. Thus, if player j is removed from the game, for 

every i player, the new allocation 𝜋(𝑆) − 𝜗(𝑗) means that 𝜗(𝑖)|𝜋(𝑆) ≥ 𝜗(𝑖)|(𝜋(𝑆) − 𝜗(𝑗)). 

Shapley values are a possible, but certainly not the only, way to establish the result of 

cooperative games. They are computationally difficult to solve, but our interest is in the 

properties, which are important because they combine a certain measure of “fairness” while 
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maintaining economic efficiency. In that sense, the Shapley values guarantee that equity 

concerns happen at the frontier of efficiency – in many instances fairness comes at the expense 

of efficiency, but not in the present model. The mere existence of some form of allocative equity, 

given surplus in a supply-chain, allows us to indicate that such a surplus can enhance industry 

welfare. This provides theoretical support for the sustainability business case in the next section.  

 

2.3  The second stage: a formal definition of shared value in the 

context of supply-chain management. 

 

For non-financial companies in sustainable supply chains, much of the shared value or eco-

premium (Lubin and Esty, 2010) comes from higher prices for “sustainable” products, when 

compared to regular goods and services. Clearly, shared value comes from any impact that 

increases a firm’s value. The price effect is the direct eco-premium. We classify any other effect 

as indirect. For instance, risk reduction from a possible fine would be an indirect eco-premium, 

as it would be effects on a firm’s cost of capital or any improvements in product quality or the 

rate of innovation. Here it is important to note operational efficiency is what drives most of the 

benefits for ranchers in the case study, but we comment on that later. 

As we have seen before, Ortiz‐de‐Mandojana and Bansal (2016) relate sustainability with lower 

financial volatility, higher growth, and lower idiosyncratic risk. In that sense, all their outcomes 

are indirect, as presently defined. Here, we define the shared value (θ) as the source of Shapley 

value that has to be distributed through the supply chain. Our innovation comes from relating 

the shared value to the cost of creating it, providing a bridge between the game theoretical 

literature (as exemplified by MP) and companies’ praxis.  

Now, let’s assume a stable industry, in which the supply chain in itself shows no structural 

break, but companies may die and new firms emerge.  

If we assume a cost (C) for the creation of shared value (sv), separable in firm (ci) and part 𝜌 of 

industry cost (Cj), and 𝜗𝑖(𝜋) the Shapley value of the i-firm, then the shared value for the i-firm 

is the discount cash-flow at the cost of capital (k): 
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𝜃 = ∑
(𝜗(𝜋)𝑡−𝑐𝑖𝑡−𝜌𝐶𝑗𝑡)

(1+𝑘)𝑡𝑖=0       (7) 

 

Sustainable investments happen whenever E(𝜃)>0. But here is the catch: if there is asymmetric 

information regarding other companies incurring (Cj), then the profit function of company i is: 

{
∑

(𝜗(𝜋)𝑡 − 𝑐𝑖𝑡 − 𝜌𝐶𝑗𝑡)

(1 + 𝑘)𝑡

𝑖=0

 𝑖𝑓 𝑒𝑛𝑜𝑢𝑔ℎ 𝑐𝑜𝑚𝑝𝑎𝑛𝑖𝑒𝑠 𝑖𝑛𝑐𝑢𝑟 𝑖𝑛 𝐶𝑗, 𝑎𝑛𝑑  

−(𝑐𝑖 + 𝑝𝐶𝑗) 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

   (8) 

Equation (8) illustrates how companies may get stuck in a prisoner’s dilemma. Companies 

benefit from sustainable investments only if there is coordination in which most companies in 

the supply-chain commit to sustainability-related investments. We model this commitment as 

simultaneous but it does not need to be. If we relax simultaneity, then companies can observe 

commitments by other companies, enhancing the probability that shared-value 𝜃 is going to be 

created.  

Even if the Shapley value is difficult to compute, this formal definition of the shared value based 

on our assumptions allows us to establish important insights when considering that it depends 

on the supply chain rather than a particular firm. These insights are enhanced when we use the 

rest of the game-theoretical literature to establish the relevant differences between competition 

and coalition in establishing the division of costs throughout the supply-chain.  

 

2.4. The propositions for the coordination, creation and 

distribution of shared value in supply -chains.  
 

From sections 2.1-2.3, given the formal definition of shared value, for a coalition in a supply-

chain, the shared value is not a static measure to be captured, but something that agent(s) need 

to invest in creating. The two major issues that we tackle with insights from the previous 

sections are the fact that companies are not moving fast enough (or at all) towards more 
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sustainable production methods and there are numerous conflicts in supply chains. Given that, 

we can establish the following propositions: 

P1: Even if companies realize that the shared value may be positive and large, without ex-

ante information on 𝜌, companies may not be willing to invest in its creation; 

P2: Since the behavior of the companies who invest in sustainability is different than if they 

do not invest in the creation of shared value, coordination for complementary investments 

throughout the supply-chain could result in more sustainable-related investments; 

P3: Given that the allocative efficiency is worse under a coalition (MP), there is always 

going to be a loss between the highest possible shared value and the real one. 

In the next section, we illustrate the implications of these three propositions with a case study 

regarding the beef industry and the possibility of establishing costs and benefits of sustainable 

investments in this instance of a supply-chain with extraordinary environmental impact.  

But before moving on, we need to establish how our propositions are related to the rest of the 

scientific literature. Wu and Pagell (2011) and Gualandris et al (2015), and Wilhelm et al (2016) 

all study the decision-making of investments in sustainable practices in the context of supply 

chains. Wu and Pagell (2011) propose five principles regarding investments in environmental 

responsible policies: 1) organizations develop operating principles and technical standards in 

order to make decisions about environmental issues; 2) cost-environment trade-offs are mitigated 

by the benefits of having a committed workforce; 3) changes are incremental and there are 

internal pressures to reconfigure supply-chains; 4) organizations with an environment first 

posture are more lucrative; and 5) a company's environmental commitment predicts which 

elements of the triple-bottom-line it will prioritize when facing a strategic trade-off in decision-

making. Wilhelm et al (2016) take these propositions one step further by analyzing the decision-

making of first tier suppliers and their “double” agency role. First tier suppliers follow the 

leading firms and act as a bridge between the buying company and upstream suppliers in 

disseminating sustainability standards along multi-tier supply chains. Gualandris et al (2015) 

complement these studies by focusing on the accountability of companies to stakeholders. They 
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develop a set of sustainable evaluation and verification (SEV) procedures to allow the better 

monitoring of best practices. 

We formalize the arguments for the situation in which shared value is possible but not certain. 

In Wu and Pagell (2011), for four out of the eight industries they analyzed, a price premium 

already existed. Since then, it is fair to say that a price premium emerged in at least two of the 

industries that did not have a price premium in their initial study: cleaning products and period 

lightning. Our theoretical considerations are dynamic in nature and allows us to investigate the 

conditions for a shared value to emerge. Shared value would come from price premia, lower 

reputational risk, improved operational efficiency and higher sales, among other possible firm 

gains. These conditions incorporate the preoccupations in Wilhelm et al (2016) – coordination is 

not necessarily top down throughout the supply-chain, from lead companies to first tier 

organization and downstream to the rest of the value chain.  
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3 The case study: The Brazilian beef industry and 

the zero deforestation commitment. 
 

This case study on the beef industry is the result of a field project led by the Center for 

Sustainable Business (CSB) at NYU Stern, with methodological support from the consulting 

firm A.T. Kearney, and is fully described in Zeidan et al (2018). Primary data come from a 

series of analyses and interviews with the companies from the beef industry in Brazil as well as 

from field research by filed organizations on the ranchers. Interviews were conducted by 

telephone and in-person in December 2016- January, 2017. In total, unstructured interviews and 

requests for data resulted in the participation in 20 companies from all tiers in the supply chain.  

A supply-chain analysis of the beef industry is particularly appealing because of the direct 

relationship between this industry and social welfare. There are direct impacts on the 

environment, especially as related to deforestation and greenhouse gas emissions, see de Vries 

and de Boer (2010) and Capper (2011) and the industry is an important source of jobs and 

GDP—brazil is one of the biggest consumers so beef as well as one of the biggest exporters. 

 

3.1 The in-depth case study. 

The beef industry has a significant ecological and social impact around the world. Land for 

pasture is roughly half of all land used for agriculture globally. What is more, grain production 

to feed cattle is an important factor in deforestation. The industry is a net contributor to 

greenhouse gas emissions and, in the case of Brazil, over 60% of deforested land is used for 

pasture (Butler, 2013), if the trend from the late 2000s and early 2010s remains the same. A  

report of 2009 on the negative environmental impacts of the Brazilian beef industry resulted in  

hefty fines and a public commitment by the Brazilian Supermarkets Association (and its 2,800 

members), to stop deforestation related to cattle ranching by 2020.  

Obstacles to this commitment remain significant, even with companies investing in improving 

the traceability of where and how cattle are raised. The Brazilian industry is particularly 
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fragmented. There are over 220,000,000 cattle in the country (22% of the world’s total) and the 

largest company has 200,000 animals, a market share of less than 0.1%. Ranches are also 

dispersed geographically in a country bigger than the continental US.   In addition, the cattle 

are raised ina  two step process:  they are born on small ranchers and then transported to larger 

ranches to be fattened up before slaughter.  Generally the traceability does not go all the way to 

the small ranchers who breed the cattle. 

The beef industry in Brazil is a mature industry with sales in line with demand growth; in the 

last few years declining with a GDP contraction of 4% per year in the 2014-16 period. The 

annual production in 2017 was 9.3 million tons (15% of the world’s total), behind only the US, 

with 11.4 million tons. 

Figure 4. Brazil - annual beef production 

 

 

 

 

 

 

The supply chain structure is also mature and we concentrate on the three most important 

aspects in terms of environmental and social impact. 

 

The slaughterhouse market is more concentrated than the rest of the supply-chain, with JBS 

(22%) and Marfrig (9%) responsible for almost a third of installed capacity.  
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By having access to qualitative and quantitative data from ranches, slaughterhouses and 

retailers, we can explore the propositions in section 2.4. Data were collected in late 2016 and 

early 2017. The criteria for an in-depth case study follow Gibbert et al (2008), who provide the 

conditions for a rigorous approach of this kind, following the positivist tradition: internal 

validity, construct validity, external validity and reliability.  There is a caveat in the present 

work: we do rely on internal validity with interviews before and after the visits to the beef 

industry companies and we seek external validity by following up the research with discussions 

with other stakeholders such as NGOs, but we do not claim to have a strong experimental 

design. With that in mind, section 2 presents the first and part of the second requirements. 

Sections 4 and 5 provide the rest. During the data gathering process, we had access to the lead 

companies in the supply-chain, Carrefour and McDonald’s, the first tier suppliers, 

slaughterhouses JBS and Marfrig, and the suppliers/ranchers (small ranchers from Novocampo 

and the large ranch Fazenda Sao Marcelo). More importantly, unstructured interviews allowed 

us to cross-validate our findings, we worked with NGOs and other stakeholders working directly 

with companies throughout the supply  chain.  

Primary data were collected through in-depth interviews with different types of suppliers in the 

beef industry, and other stakeholders, such as NGOs. Table 1 has information on the data 

gathering process. 

Table 1 – List of interviews, divided in preparatory and in-situ visits.  

List of interviews conducted prior to visits, 

Nov 21 – Dec 20, 2016. 

List of visits Jan 10 - Jan 20, 2017. 

Organization Organization 

SAN - Sustainable Agriculture Network McDonald's 

Imaflora Arcos Dourados 

ICV - Instituto Centro de Vida & GTPS  Imaflora 

TNC - The Nature Conservancy Fazenda do Bugre (Econfarms) & Gran beef 

McDonald's CMA 

A.T. Kearney  Marfrig 

PECSA Fazenda São Marcelo 

ANTEA ICV & GTPS 

Embrapa Fazenda São Matheus 

 Carrefour 

 JBS 
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PLEASE INSERT TABLE 1 HERE. 

As we can see from Table 1, interviews spanned different kind of stakeholders: NGOs (Imaflora, 

TNC, ICV, GTPS, ANTEA, SAN and PECSA); public institutions devoted to R&D (Embrapa), 

large retailers (Carrefour, Arcos Dourados and McDonald’s) and small retailers (Gran Beef), 

slaughterhouses (Marfrig and JBS) and ranchers (Fazenda do Bugre, São Marcelo, São Matheus, 

and CMA).  

Some of the results below were also externally validated in interviews and events with 

stakeholders throughout 2017 and early 2018. For instance, the reasons behind coordination 

failures were explored in two meetings with participants of the Grupo de Trabalho da Pecuária 

Sustentável (GTPS), a network of NGOs, companies, banks and other stakeholders related to 

sustainable practices in the beef industry.  

Sustainability in supply-chains have come up a long way since Linton et al (2007) noted how 

companies were still in their infancy regarding these issues. For the specific case of the Brazilian 

beef, one of the main drivers from the lead companies is due to chain liability in multitier supply 

chains. Hartmann and Moeller (2014) analyze this kind of liability for the clothing industry. 

Here, we complement their views and tie it to the propositions established in section 2.4 by 

looking at the successful and unsuccessful cases of shared value creation. 

 

3.3. The failure of the “green seal”.  

Chain liability emerges in practice as a pressure for companies to go green, especially retailers 

(Hartmann and Moeller, 2014). In the Brazilian beef industry, in the last ten years two major 

projects tried to create green seals to create shared value that would depend on customers 

willing to pay more for more sustainable produced beef. Both initiatives failed. 

One major project was developed by a retailer and another by a slaughterhouse. In both 

instance, companies were willing to distribute most, if not all of the shared value to the rest of 

the supply-chain. The reputational gains would offset their investments, and the distribution of 
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the shared value would work as the main incentive for the participation of the other companies 

in the supply-chain. 

Our interviews unearthed that companies throughout the supply-chain share one common view: 

Brazilian consumers do not want or are ready to pay a premium for sustainable beef. The 

perception is that consumers do care about quality, broadly defined, but not specifically about 

deforestation or other environmental or social indicators of a sustainable supply-chain.  

Both retailer and slaughterhouse tried to commercialize deforestation-free beef that could be 

traced comprehensively. For both companies, the tracing process was particularly expensive, as 

the Brazilian supply-chain is extremely fragmented and monitoring includes vast expanses that 

increase the costs of following the cattle around the country. In the end, such endeavors needed 

enough scale to succeed. The companies discontinued these projects in the mid-2010s, even 

though one of them resulted in increased sales. The retailer was able to extract the eco-premium 

but, at the time, the costs associated with tracing sustainable beef throughout the supply-chain 

was simply too high.  

The experience of these two companies highlight the tendency of supply-chains to reach a low-

value equilibrium regarding sustainability issues. Previously, we have established that without 

good estimates on shared value, how it is going to be distributed, and what are the costs 

associated with industry-wide sustainability investments, companies may not be willing to invest 

in its creation. More important, such failures take companies from leading sustainability 

initiatives to a business as usual approach (Wright and Nyberg, 2017) that may lower the 

likelihood of new undertakings.  

The common perception about consumer behavior is a major deterrent to sustainability-related 

investments. Some companies invest quite substantial sums in environmental initiatives, but the 

fact remains that the Brazilian beef industry continues to be a major source of greenhouse 

emissions. The case provides evidence on propositions 1 and 3. In particular, the perception that 

consumers might not want to pay for deforestation-free beef discourage sustainability-related 

investments. More importantly, the lack of estimated values on the costs and potential benefits 
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associated with these initiatives may have hindered the horizontal and vertical coordination 

mechanisms (Wilhelm, 2011) necessary for sustainability-related investments to succeed.  

  

3.4. Price premium: quality or the environment? 

Our research showed only one company that promoted sustainability as part of its branding 

strategy and was able to extract price premia for its products. But it comes with a caveat – the 

firm could not distinguish between perceived quality and its deforestation-free commitment.  

GranBeef used to be one of countless cattle ranches in Brazil. In the early 2010s it decided to go 

green and was the first Brazilian company of the beef industry to be certified by Rainforest 

Alliance.  

The main goal of the managers was to create their own brand. They worked with NGOs to 

guarantee that the company would meet the standards for deforestation-free beef. The company 

is a small company that sells its products in only two cities. The most salient points from the 

interview with the CEO were: 

 The initial drive for the investments in sustainability were not based on economics. Their 

own studies showed that they projected a negative net present value for all certification-

based projects.  

 The main positive unintended consequence of the certification process was that quality 

increased substantially. Cattle is now healthier and yields are higher. 

 The company lacks infrastructure and scale to integrate the production process. There 

are three steps to establishing its own brand: bringing its cattle to slaughterhouses; 

accompanying its cattle inside the slaughterhouse to guarantee that it can acquire back 

beef from only its own herd; picking up only the best cuts; and distributing the final 

product to retailers. 

 Marketing was relatively straightforward. Because it only sells a few choice cuts, it was 

able to associate its certification with high-quality products. 
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 Perception at the company is that consumers care more about premium cuts than 

deforestation-free and sustainability commitments. 

The case of GranBeef displays direct evidence on propositions 2 and 3. There are significant 

costs and uncertainty associated with the creation of shared value. The price premium, in this 

case, is not shared with the rest of the supply-chain, but the behavior of the company changed 

with the sustainability investments. Moreover, Gran Beef, unlike most competitors, did create 

an internal system to track the monetary benefits and costs associated with the certification and 

other sustainable-related investments.  

 

3.5. Coordination on quality improvement and price premium . 

Consumer behavior is key to the emergence of price premium. A successful example of price 

premium and Shapley value distribution that is relatively assigned to the companies’ marginal 

contribution is that of Angus cattle and the difference in price between this kind of beef and 

others.  

There are many cattle breeds in Brazil, namely: Brahman, Nelore, Indubrasil and Sindi, among 

others. Slaughterhouses and retailers only pay a premium for certified Angus cattle. The 

Brazilian Association of Angus created a national certification procedure in 2003 and marketed 

it throughout the country. It was successful. In 2017, the price differential was approximately 

7.5%. The certification process relies on the coordination between producers, the association, 

and slaughterhouses.  

One of the reasons for the program’s success was the work of the association as the main 

institution that coordinated efforts to create shared value. In that sense, it worked alongside the 

concepts presented by Wilhelm (2011), especially the management of coopetition through 

horizontal supply chain relations, the emergence of informal supplier learning groups, the social 

cohesion among an inner group of suppliers within the network. Moreover, it creates a space for 

the maintenance of competitive advantage as in Su et al (2014), with quality management and 

organizational learning the main factors.  
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More importantly, the Shapley value is distributed uniformly throughout the supply-chain 

according to this price premium, but larger companies contribute more to the association and, 

naturally, benefit the most from their scale.     

The Angus case provides direct evidence for our main propositions, albeit this case was not 

directly related to sustainability issues. Clearly, an association that centralizes part of the 

necessary investment for the creation of shared value is not the only path for decreasing possible 

coordination failures. Contractual or tacit agreements, the action of NGOs and other types of 

stakeholders, and regulatory activism can all minimize this important issue. We find, for 

instance, that stricter labor regulations improved labor conditions throughout the industry. 

Nevertheless, the effective marketing of the Angus beef provides valuable insights for 

coordination solutions for sustainability-related investments. 

 

3.6. Commitment to deforestation and its praxis. 

McDonald’s made a public commitment on stopping the purchase of beef that contributes to 

deforestation and establishing targets for the purchase of sustainable beef, which includes other 

socio-environmental criteria, by 2020. This decision affects many of the 3,100 companies in its 

supplychain worldwide. In Brazil, all large retailers such as Wal-Mart, Grupo Pão de Açúcar 

and Carrefour, have also committed to a deforestation-free supply chain. 

But while making such a public commitment generates reputational gains, there may be 

significant hidden costs in implementing it. All companies that made this kind of commitment 

are finding it much harder than expected to honor it. The relationship between the primary 

data and equation 8 is driven by the lack of coordination and uncertainty about benefits from 

investments in more sustainable beef production. 

Importantly, our research shows that companies are able to identify many benefits from more 

sustainable beef production. Table 2 describes all instances in which executives identified 

potentially sizable gains related to these kind of investments.
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PLEASE INSERT TABLE 2 HERE.   

Table 2 - Sustainable Business Benefits at the Firm Level 

Benefit 
Group 

Name of Benefit 

Applicable to link: Ranch Slaughterhouse Retailer 

Ranch 
Slaught 
house 

Retailer Benefit Description Benefit Description Benefit Description 

Cost 
reduction 

Better cost 
management 


  

More control and better management 
practices: E.g. lower use of fertilizers 
and other inputs 

NA NA 

Innovation and 
better agricultural 
techniques 


  

Cost reduction because of better 
agricultural techniques, such as 
Pasture recuperation, water distribution 
system, fencing and rotation of pasture 

NA NA 

Higher land 
productivity 


  

With higher productivity, farmers can 
produce at own land, avoiding costs of 
renting additional land. 

NA NA 

Revenue 
increase 

Price premia   

Increased product quality that 
contributes to better commercial 
relations 

Price premia to some niche producers Price premia to some niche producers 

Selling at full price 
(no discounts) 


  

With sustainable practices, producers 
are prioritized and are able to sell at full 
price. 

NA NA 

Increase in 
demand for 
sustainability 

  

Demand for sustainable products will 
rise, creating a potential benefit of 
increase in future sales volumes 

Increase in demand (mass) through 
higher demand 

Increase in demand (mass) through 
higher demand 

New Revenue 
Streams available 


  

New revenue streams given that 
ranches are able to dedicate former (or 
rotating) pastures to new uses (e.g. 
planting soy or corn)  

NA NA 

Risk 
Avoidance 

Operational Risk 
Avoidance 

  

Revenue loss avoidance derived from 
operational complications. E.g.: 
Pasture exhaustion, water shortage, 
cattle diseases 

Less risk of access to raw-material, 
from operational issues in supply chain 
(e.g.: country wide supply limitations, 
such as pasture exhaustion, water 
shortage and cattle diseases). 

By purchasing sustainable beef, food 
retailers can protect their businesses 
from risk of reduced access to raw-
material 

Market Risk 
Avoidance 

  
Revenue loss avoidance derived from 
changes in market demand 

Revenue loss avoidance derived from 
changes in market demand 

Revenue loss avoidance derived from 
changes in market demand 

Regulatory Risk 
Avoidance 

  

Avoiding revenue loss derived from 
future changes in regulation that 
disqualify ranch to produce and sell 
beef 

Slaughterhouses purchase beef from 
thousands of different suppliers, which 
makes it challenging to ascertain that 
all suppliers comply with regulation. 

Avoiding revenue loss derived from 
future changes in regulation that 
disqualify ranch to produce and sell 
beef 
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Reputational Risk 
Avoidance 

  

Reputational Risk: Avoiding revenue 
loss derived from reputational damage 
(e.g. activist campaign, sustainability 
scandals) 

Reputational Risk: Avoiding revenue 
loss derived from reputational damage 
(e.g. activist campaign, sustainability 
scandals) 

Reputational Risk: Avoiding revenue 
loss derived from reputational damage 
(e.g. activist campaign, sustainability 
scandals) 

Financial 
and 

Valuation 

Cost of Capital 
Reduction 

 
 

Subsidized public ( e.g. ABC) and 
private financing sources 

Subsidized public ( e.g. ABC) and 
private financing sources 

Subsidized public ( e.g. ABC) and 
private financing sources 

Asset appreciation 
  

Increase in land value due to 
investments in sustainability 
infrastructure (CAPEX) 

NA NA 

Other 

Talent Attraction   
Talent attraction: higher revenues per 
employee due to best talents 

Talent attraction: higher revenues per 
employee due to best talents 

Talent attraction: higher revenues per 
employee due to best talents 

Talent Retention   

Turnover costs avoidance derived from 
employees working longer due to 
sustainability practices 

Turnover costs avoidance derived from 
employees working longer due to 
sustainability practices 

Turnover costs avoidance derived from 
employees working longer due to 
sustainability practices 

Corporate 
ecossystem: 
reduced volatility 

 
  NA 

Commercial volatility with main 
suppliers may result in higher 
procurement costs 

Commercial volatility with main 
suppliers may result in higher 
procurement costs 

GhG Emissions 
Reduction 


  

Environmental: GhG Emission 
avoidance generated by use additives 
to feed and other techniques 

NA NA 

Source: Whelan et al (2017). 
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Table 2 summarizes the benefits found in the case study of the beef industry in Brazil. In all, 17 

categories could accrue to ranchers, slaughterhouses and retailers. Price premia comprise 4 

categories, while 13 are indirect (see section 2). We can see that there are many instances to 

justify the creation of shared value. In fact, for ranchers that invested in sustainable practices, 

there were significant efficiency gains. Still, companies in the Brazilian beef industry have failed 

to improve their production in a systematic manner. The result of our interviews is clear: the 

Brazilian beef industry is stuck in a low-value equilibrium in which business as usual means a 

mode of production described by one executive as: “technology from the 18th century, with a 19th 

century investment mentality and stakeholders that are fast approaching the 21st century.” 

Regarding the specific propositions in section 2.4., we find mixed evidence for P1, and a 

strong case for P2 and P3. Not only companies are stuck in a low value equilibrium but there is 

no clear and discernible path for companies to achieve many of the value-enhancing benefits in 

Table 2. We found that most small companies are not interested in sustainability-related 

investments, but that is not the case for the major players in the beef industry. At the same 

time, a small subset of ranchers did invest in more sustainable practices and bore significant 

fruit. Nevertheless, results from interviews show that the dissemination of the gains of best 

practices small companies have been painstakingly slow.   

There is clearly a coordination problem in the Brazilian beef industry. Solving it may unlock 

shared value to the companies and society, disturbing the clearly business as usual inertia 

throughout the supply chain. Most small companies are either informal or lack basic professional 

structure. There are numerous problems in the supply-chain, and no single initiative will solve 

more than a small percentage of the issues at hand. Nevertheless, our research brings to light 

important issues for the improvement of social outcomes from the beef production. In particular, 

bridging the game theory, supply-chain management and organizational management literatures 

can allow us to unearth such welfare enhancing pathways. 
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4. Final Comments. 

Multinational companies have committed to zero deforestation but found that complying with 

these promises is particularly difficult. This is particularly true in the case of the beef industry. 

The environmental impact of this industry is extremely high, with direct impact from the use of 

half of the available agricultural land for pasture, in the world, and indirect impact from grain 

production to feed hundreds of million of cattle. In Brazil, there are over 220,000,000 cattle 

(22% of the world’s total), with ranches dispersed geographically in a country bigger than the 

continental US.  

In this article, we combine a new theoretical two-stage model with an extensive collection of 

primary data related to the beef industry in Brazil. We provide a formal definition of shared 

value and show the conditions for solving the coordination failures in supply-chains that might 

lead to more sustainability-related investments and improved social welfare. We formalize 

channel conflicts (i.e. supply chain conflicts) and shared value by using a two-stage model where 

a  Stackelberg model (1st stage)  is used to describe the obstacles in sharing costs and benefits 

that should be distributed across the supply chain in the second stage through a Shapley value. 

We arrive at three propositions. P1: Even if companies realize that the shared value may be 

positive and large, without ex-ante information on 𝜌 companies may not be willing to invest in 

its creation. P2: Since the behavior of manufacturers who invest in sustainability is different 

than if they do not invest in the creation of shared value, coordination for complementary 

investments throughout the supply-chain could result in more sustainable-related investments. 

P3: Given that the allocative efficiency is worse under a coalition (MP), there is always going to 

be a loss between the highest possible shared value and the real one. 

The case study uses primary data from interviews with down and upstream companies in the 

beef industry supply-chain, focusing on deforestation issues in the Amazon region. We find that 

coordination failures are prevalent in the industry, even when companies do invest in the 

creation of shared value. In particular, we find that possible firm-level gains are unequally 

distributed throughout the supply-chain, and marginal benefits do not equal marginal 

contribution (i.e. those that benefit aren’t always the ones who contribute), making a Shapley 
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value solution untenable for the beef industry – there is a high likelihood that no company(ies) 

will undertake the necessary investments to generate shared value. If investments are made, for 

ranchers, the main benefits would be related to cost savings through improved operational 

efficiencies; for retailers, a better position to manage and mitigate risk; and for slaughterhouses, 

improved sales and marketing. The business case for sustainability encounters many obstacles, 

among them coordination failures that lead to low-value equilibria in supply-chains. 

There is clearly a coordination problem in the Brazilian beef industry. Solving it may unlock 

shared value to the companies and society, disturbing the clearly business as usual inertia 

throughout the supply chain. Most small companies are either informal or lack basic professional 

structure. There are numerous problems in the supply-chain, and no single initiative will solve 

more than a small percentage of the issues at hand. Nevertheless, our research brings to light 

important issues for the improvement of social outcomes from the beef production. In particular, 

bridging the game theory, supply-chain management and organizational management literatures 

can allow us to unearth such welfare enhancing pathways. 
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Abstract 

While the greenhouse gas emissions from other major sectors have fallen from the 1990 levels, emissions from road transport 

have risen by 20.5 % in the EU. One key element of the strategy for low-emission mobility is to accelerate the deployment of 

electric vehicles (EVs). However, in 2017 in the EU, only 1.7 % of new vehicles sold were battery electric or hybrid electric 

vehicles. In Finland, over a third of the population is living in housing cooperatives, where individual residents do not have 

authority to make decisions concerning acquirement of infrastructure needed for charging batteries of EVs. The level of 

infrastructure and attitudes of other residents may either encourage or discourage residents in buying an EV. In this paper, we 

study how the possibly growing number of EVs has been taken into account in Finnish housing cooperatives, and what are the 

barriers that slow down the implementation. The study was conducted by an online survey that yielded 202 responses from 

representatives of housing cooperatives and house managing agencies in Päijät-Häme region. The data was analyzed both 

quantitatively and qualitatively. As expected, the results indicate that EVs are not yet common among housing cooperatives. 

The main perceived reason, which approximately half of the respondents named, for the slow acceleration of deployment of 

EVs is lack of currently interested residents. However, the results also indicate that EVs have been discussed in approximately 

every other housing cooperative, and that there is rising interest towards them.  

 

Keywords: electric vehicles, deployment, infrastructure, household, housing cooperative  

1. Introduction  

Road transport causes approximately 17 % of the EU’s greenhouse gas emissions. While the greenhouse gas emissions from 

other major sectors have fallen from the 1990 levels, emissions from road transport have risen by 20.5 %. The EU’s target is 

to cut transport sector greenhouse gas emissions by a fifth from the 2008 level by 2030, and by 60 % from the 1990 level by 

2050. (European Commission 2018a, 2018b.) One of the key elements of the European Commission’s Strategy for low-

emission mobility is accelerating the deployment of electric vehicles (European Commission 2016). The reduction targets 

have led to ambitious goals for increasing renewable energy use in the transportation sector. For example in Finland the goal 

is to have 250 000 battery electric or plug-in hybrid vehicles by 2030 (Ministry of Economic Affairs and Employment 2017). 

This would correspond to 7 % of the total number of current Finnish passenger cars and vans (Trafi 2018a). However, in the 

EU, only 1.74 % of new light vehicles sold were battery electric or plug-in hybrid vehicles (EV Volumes 2018). In this paper, 

the term electric vehicles (EVs) covers both battery electric vehicles and plug-in hybrid vehicles. 

One of the key issues for deployment of EVs is the required charging infrastructure. For private houses, heating posts for 

conventional vehicles can (in most cases) handle charging of a single electric car, and the possible changes required can be 

implemented without obtaining permission from any other people.  In Finnish housing cooperatives, there are heating posts 

for the majority of parking spots. However, charging of more than one or two electric cars would require changes in the electric 

infrastructure such as in cablings due to increased need of charging power. Another challenge is that residents are paying a 

monthly fee for heating post use, instead of paying by the actual electricity consumption. (Motiva 2017.) In 2017, there were 

only approximately 250 public charging stations for electric vehicles in Finland (Electric traffic in Finland 2017), meaning 

that the increasing number of EVs will lead to high demand on both public and private charging stations.      

At the product innovation level, relative advantage, compatibility, complexity, trialability and observability are known factors 

that affect innovation diffusion and adaptation (Bessant and Tidd, p. 341, 2007). There are several barriers to innovation 
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diffusion and adoption, which make large and complex socio-technical systems change slowly and incrementally.  According 

to Bessant and Tidd (2007) the barriers may be described as follows: economic (such as personal costs versus social benefits, 

information access, incentives), behavioral (priorities, motivations, rationality, inertia, risk and change propensity), 

organizational (goals, routines, power and influence, culture, stakeholders), and structural (infrastructure, sunk costs, 

governance).  

In the case of EVs, charging infrastructure is one key element in their diffusion and adoption. As economic and behavioural 

aspects are studied, less attention is given to organizational and structural barriers linked to diffusion of EVs. Most likely 

charging takes place at homes of vehicles’ owners. Homeownership varies in different countries between 38–83% (Andrews 

& Caldera Sachez 2011). In Finland, homeownership is a common model in housing with a share of 60 %. Apartment buildings 

are governed by housing cooperatives, which makes them important decision-makers regarding the infrastructure for the 

charging of EVs. The main actor is the board that consists of the homeowners. They can be considered as laymen and even 

contrasted to consumers, and they are a vital part of the EV business ecosystems. This study examines how housing 

cooperatives perceive EV diffusion and seeks to identify barriers to their adoption. 

In case that EVs become more widespread in housing cooperatives, plenty of additional infrastructure is required to support 

their usability. For example, current car heating infrastructure is not designed for continuous battery charge. They not only 

offer low charging power but may also contain fire safety risks, relating to old electricity systems and circuit breakers. Instead 

of considering major charging station investments, the performance of the car usages should be increased so that both less cars 

and parking spots are needed. According to Barth and Shaheen (2002), shared use vehicle systems are one possible way of 

improving transportation efficiency, by reducing the number of required private vehicles and idle parking time. Car sharing 

(shared use cars) consists of three different subtypes:  

1. Station-based  (Jorge et al 2012) 

2. One-way   (Jorge et al 2012)  

3. Free floating  (Firnkorn 2012; Schaefers 2013) 

In the station-based model, a car is taken from and returned to the very same location. Therefore, it can also be referred to as 

“round-trip car sharing”. One-way car sharing, in turn, means that one can both enter and leave the car at any station of the 

network. In this case, one does not need to return to the same place one has left. (Jorge et al 2012.) The free-floating model 

consists of a defined service area, for example a single city, where transportation is possible, but there are no fixed car stations 

(Firnkorn 2012). In this model, the cars offer maximum flexibility for their users. After the trip, the car can be parked at any 

public parking spot (Schaefers 2013).  

All three models are demonstrated in Figure 1. If one considers these models using a housing cooperative perspective, one-

way (2) and free-floating (3) models are found problematic. Trips and travels tend to start, and end, from one’s home. 

Therefore, the station-based model (1) is the only option that could be reasonably executed.  

 

Figure 1. Station-based (1), one-way (2) and free-floating (3) models of car sharing. 
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In Finland, there are only a few companies that operate electric car sharing systems, for example Ekorent, DriveNow and 

GoNow. Globally, car sharing is very common, and it is becoming more and more affordable for lower-income consumers 

(Schwieterman and Bieszczat 2017). EVs in car sharing are not found less attractive than conventional combustion vehicles 

(Yoon et al 2017), but they seem to be preferred in short distance travel, for example below 24 kilometres (Wielinski et al 

2015). This study did not investigate the local interest towards owning share use cars, but according to other research, the 

potential should be measured to establish, whether station-based car sharing could support electrification of urban areas.  

The research questions of this paper are: 

 How housing cooperatives perceive EV diffusion? 

 What are the barriers that slow down the implementation of EVs? 

2. Materials and Methods 

 

The approach of this study is quantitative and qualitative. A survey was conducted to collect data about preparedness of 

housing cooperatives for EVs. In addition, a systematic literature review was executed to gain information about existing 

similar research.   

Systematic literature review was conducted by extracting literature through Scopus, when accessible. The search logic and the 

used keywords were: (TITLE-ABS-KEY (“electric cars”) OR TITLE-ABS-KEY (“electric vehicles”) AND TITLE-ABS-KEY 

(“deployment”) AND TITLE-ABS-KEY (“households”) OR TITLE-ABS-KEY (“residential”). The language of the search 

was defined as English and all publication types were allowed to get the broadest possible view of the topic. The search yielded 

87 results, which were screened manually. Papers discussing irrelevant topics concerning this paper, such as smart grids and 

smart charging, were excluded. After screening, 25 publications were chosen for the study of which 14 could be extracted. 

The search of the publications was conducted on 14th of February 2018. One of the publications was from 2018, four from 

2017, 2016 and 2014 each, and one from 2012. 

Data for this study was collected during November–December 2017 via online survey that was distributed by e-mailing lists 

for two groups: house managing agencies and chairs of housing cooperatives in the Päijät-Häme region. The survey yielded 

24 replies from house managers and 178 replies from representatives of housing cooperatives. The survey included 10 

questions, and while the wording of the questions varied depending on which group the replier belonged to, the questions were 

the same. One of the questions was open.  

3. Results and Discussion 

Literature review 

In literature review, many papers such as Sears et al. 2014 concentrated on public charging infrastructure. Yagcitekin et al. 

(2016) developed a mathematical model for optimizing the locations and numbers of EV charging stations in selected areas. 

They used queue theory and analytic hierarchy process for the development, and performed a case study in which they 

evaluated survey data reflecting drivers’ habits in the university campus. The results showed that the model is applicable in 

the campus, and would minimize the number of waiting EVs and the investment costs. Ul-Haq et al. (2017) modelled an EV 

charging station with vehicle-to-grid implementation. They also presented a brief model for cost-benefit analysis of EVs. They 

showed that in the transportation and energy market, EVs would be profitable initiatives. Also, in cases of coordinated charging 

operations, well planned incentivization could increase the system’s efficiency as dynamic electricity market is considered as 

a potential way to aid the power system.   

Sears and Benetto (2014) proposed the use of an agent-based model to model the deployment of EVs. The area of their study, 

Luxembourg, has ambitious targets for increasing the number of EVs to 40 000 by 2020. According to the study, it is unlikely 
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that the target will be met with battery electric vehicles. However, the number of plug-in hybrid EVs could even exceed the 

goal. Deployment of charging stations seems to be more effective policy for meeting the target, along with enchanting public 

attitudes and increasing public awareness.  

Bi et al. (2017) used an agent-based traffic simulation to analyse the impact of drivers’ charging behaviour. They assumed that 

charging stations are located at existing petrol stations and in residential car park locations. The results indicate that placing 

charging stations at existing petrol stations and residential car park locations seem to be more effective than establishing 

charging stations evenly using a grid-based approach.   

According to a case study of Namdeo et al. (2014), early adopters of EVs are most likely residents of peri-urban locations who 

are capable of charging EVs overnight at their own homes. The deployment of EVs among the residents of urban areas is more 

dependent on the public charging infrastructure. Kontou et al. (2017) proposed a framework for minimizing the societal costs 

of replacing conventional vehicles with EVs in the US. One of their findings is that the public charging stations should be 

implemented in the beginning of the baseline scenario’s 8 year planning period to achieve greater savings over the years.  

Survey 

Most of the respondents from both groups were from the city of Lahti (63 % and 82 %) while the rest of the respondents were 

mainly from other cities of Päijät-Häme. One respondent from the group of representatives of housing cooperatives was from 

outside Päijät-Häme region. The average number of customers for house managers was 19, and the average number of 

apartments in apartment buildings was 34.  

Customers have brought up EVs with 46 % of house managers. Our survey lacked a question whether house managers have 

brought the subject up with their customers, and therefore one manager replied later in an open answer that he/she had done 

so.  A third (33 %, n = 8) of house managers have customers who have an EV, but only 21 % (n = 5) of house managers have 

apartment buildings which have charging infrastructure as customers. This indicates that in Päijät-Häme there are EV owners 

who do not have an opportunity to charge their vehicles at home. Also, 25 % (n = 6) of the managers did not know whether 

their customers have EVs so the number of similar cases might be even greater. As an open question, we asked what kind of 

infrastructure and by whom the apartments have. One manager stated that there are cable reservations, and two managers 

replied that residents have acquired charging stations for their own EVs. In new buildings, the constructor has built charging 

infrastructure and in one building the infrastructure is by OP Kulku which is providing long term electric car rentals (OP Kulku 

2017). 

6 % (n = 11) of the representatives of housing cooperatives reported that their housing cooperatives have both owners and 

charging infrastructure for EVs. 7 % (n = 13) did not know whether they had owners of EVs and 1 % (n = 2) did not know 

about existence of infrastructure. According to open replies (n = 11), in 7 housing cooperatives the existing infrastructure was 

related to cabling. In one case the heating posts are billed by use instead of a monthly fee, and in one case there is charging 

possibility for four EVs. One housing cooperative replied that they had reacted instantly when they were first asked about a 

charging possibility, and they have the possibility to charge EVs from half of their heating posts. In one case the heating posts 

have been recently renovated and the possibility to charge EVs has been discussed. It remained unclear whether charging is 

yet possible.  

We also asked which factors slow down the implementation of EVs among house managers’ customers and housing 

cooperatives. The replies are presented below in the Figure 2. The respondents were able to choose as many options as they 

wished. 
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Figure 2. Which factors are slowing down the implementation of EVs?  

As can be seen, 67 % of house managers and 77 % of representatives of housing cooperatives replied that there is no demand 

for EVs. 38 % of house managers and 29 % of representatives of housing cooperatives named lack of infrastructure to be a 

factor. Resistance by other residents was named by 13 % and 5 % of respondents. All responses (n = 13) for Something else 

came from representatives of housing cooperatives, and are categorized and presented below in the Table 1. 

Table 1. Open responses for the question of factors slowing down the implementation of EVs.  

Category N Explanation/additions 

Price of EVs / costs 4 - In one of the answers limitations of driving range of EVs was 

mentioned 

Lack of parking space 2 - Apartment buildings in city centres 

Resistance 2 - “Nonsense! Current cars should be used up first, too early to invest in 

such a thing.” 

- Equal treatment of residents. Those who don’t have need, haven’t 

interest in paying for others’ 

Others 9 - Cabling 

- Charging posts will be installed in a few years / when someone wants 

one 

- No barriers / do not know 

 

We also asked, whose responsibility implementing the infrastructure is. Again, the respondents were able to choose more than 

one option. The answers are presented in the Figure 3 below. 
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Figure 3. Whose responsibility implementing the infrastructure for EVs is? 

Most of the respondents in both groups (83 % and 73 %) answered that infrastructure for EVs is the housing cooperatives’ 

responsibility. 42 % of both groups responded that it is house managers’ responsibility, and 50 % and 44 % responded that the 

responsibility belongs to individual residents. Responses for Something else (n = 16) are categorized and presented below in 

Table 2. Two of the answers were from house managers and the rest from representatives of housing cooperatives. 

Table 2. Open responses for the question of responsibilities of implementing the infrastructure for EVs. 

Category N Explanation/additions 

Finland’s government 6  

Owner of the property / 

parking garage 

3  

Others 7 - Private actors (n = 1) 

- Energy companies (n = 1) 

- Irrelevant replies 

It was also asked, whether respondents think that infrastructure for EVs would influence the value of the property. 58 % of 

house managers and 46 % of representatives of housing cooperatives thought that the infrastructure adds to the value. 8 % of 

house managers and 29 % of representatives of housing cooperatives thought infrastructure has no influence, and 33 % and 24 

% of the groups could not tell. One respondent from the group of representatives of housing cooperatives replied that charging 

infrastructure would lower the value of the property. 

As a concluding question we asked what kind of actions are required from house managers / housing cooperatives when EVs 

become more widespread. The responses from house managers are categorized and presented below in the Table 3, and 

responses from housing cooperatives are categorized and presented in Table 4. Some responses fell under more than one 

categories. Therefore the number of replies does not equal to the number of respondents. 
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Table 3. Responses from house managers for the question of required actions when EVs become more widespread. 

Category N Explanation/additions 

Billing, equality 5  

Overall familiarization and giving 

information/advice 

4  

Renovation of buildings’ electrical 

equipment and cabling 

3 - “No use to think about charging posts before these issues” 

Bringing the subject up  3  

Estimation of the costs 2  

Others 6 - Positive attitude when subject comes up 

- Doing what housing cooperatives want 

- Interest in the subject 

- Designing charging posts 

- Finding out how many charging posts are needed 

- Same procedures as in other renovation projects 

 

Table 4. Responses from representatives of housing cooperatives for the question of required actions when EVs become 

more widespread. 

Category N Explanation/additions 

Cabling etc. 31 - Too expensive if there will be only one EV in the next 10 

years 

- Renovation of cabling would be expensive 

- It seems more reasonable to renovate cabling to be 

sufficient for hybrid vehicles. Therefore, it would be 

necessary to decide whether renovations are for them or for 

fully electric vehicles. 

Infrastructure 23  

New heating posts 15  

Billing / metering by posts 10  

Nothing 10 - Nothing in near future (6) 

- EVs will never be widespread 

- “We don’t have gas pumps either. Everyone should take 

care of their charging as they want” 

- Over a half of the residents would have to have EVs in order 

to react (small and old building) 

Decision to make necessary changes 

has already been made 

 

9 - Infrastructure will be renovated when EVs become more 

widespread/someone asks for it (n = 5) 

- Decision to build infra in 2018 (n = 4)  
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Meeting of cooperative shareholders  7 - Will be discussed in a meeting of shareholders when 

someone wants a charging post 

- Board will bring up EVs in annual general meeting 

- Acquiring charging infrastructure would not be agreed on 

as not everyone has a car / heating post, but everyone would 

have to pay their share 

Discussion, finding out about things, 

information 

5  

Rules of use  

 

4 - Not enough parking spots for all residents so rules of use 

are needed for equality  

Housing cooperatives not required to 

support private transportation 

3  

Survey to residents about future’s 

needs 

3  

Others 22 - “Totally new solutions. Charging differs from parking.” 

- Someone’s own economic input or decisions of the board 

- Biogas would be better in Finland 

- Robot cars in the near future → new models of 

transportation and less need for private parking 

- Allowing private persons to acquire infrastructure 

- Shared charging would be most cost effective → would 

cause rush hour in the afternoons? 

- No earmarked parking spaces 

- Changing some normal parking spaces to charging spots 

- A few posts for EVs would be good (n = 2) 

- Fast charging posts 

- Decision regarding EVs should be made (n = 2)  

- Money 

- If the trend grows enough, actions will be taken 

- Plans should exist 

- Are services typed like gas stations an issue of housing 

cooperatives as it concerns only a small group of residents? 

- Readiness to convert some of the heating posts to charging 

posts exists 

- If life cycle thinking taken into account, not sure what is the 

best solution (hydrogen, gas) 

- Shared charging post for residents and others 

- Estimation of the costs 

 

As the answers indicate, most respondents named infrastructure, especially cabling, to be the most relevant action when EVs 

become more widespread. In total, 6 % (n = 10) of representatives of housing cooperatives said that no actions should be taken. 

One point that came up in different forms of the answers was equal treatment of residents. Some (n = 14) were concerned 

about billing by the actual use of electricity and/or equal opportunities to use limited parking spaces regardless the type of the 

vehicle. Some (n = 4) replied that acquiring charging infrastructure belongs to the individuals who have EVs. Some housing 

cooperatives have already made a decision to acquire charging infrastructure in the future.  
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4. Conclusions 

Based on the findings of our survey, EV infrastructure is still rare among housing cooperatives. The results show that overall, 

the attitudes toward EVs are positive, and the issue has been discussed in approximately half of the housing cooperatives. 

However, there is still some resistance among the residents. The results indicate that the private housing cooperatives 

acknowledge their role in providing infrastructure for EVs. It seems that housing cooperatives are well aware of the likely 

growth in number of EVs, but are still waiting for the realization of demand. 

The main barriers seem to be economic and structural. Economic barriers refer to the required investments in infrastructure 

and on the other hand, there still seems to be hesitation whether EV infrastructure would add to property value. One big 

question is how the billing is organised fairly as the use of heating posts is usually billed by a fixed monthly fee. Structural 

barriers refer to a lack of electricity infrastructure and how the new infrastructure fits into the existing one, for example heating 

posts and availability of parking spaces.  

Despite the positive attitudes toward EVs, it seems somewhat unlikely that Finland will achieve its target of 250 000 EVs by 

2030. From the beginning of 2018 buyers of new battery electric vehicles are entitled to compensation of 2000 euros if the 

purchase price is lower than 50 000 euros (Trafi 2018b). In addition, from autumn 2018 it will be possible to apply for a grant 

for modifications of cablings and other electric work (Ara 2018). As the purchase price of EVs and need to modify cabling 

were both recognized as barriers, it can be assumed that these incentives will increase the deployment rate of EVs. However, 

in order to achieve the ambitious targets, more incentives are most likely needed. For example, in Norway, where battery 

electric vehicles had a market share of 21 percent in 2017, there exists a substantial package of incentives for EVs which 

makes owning one economically beneficial (Norsk elbilforening 2018). In other countries, same sort of incentives would 

increase the interest of individuals in buying EVs. This would in turn increase deployment of charging infrastructure and EVs 

among housing cooperatives.  
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Abstract 
This paper proposes a model representing a global economy which aims to become environmentally sustainable. The model 
looks both at the production side and the consumption side of the economy. Regarding the production side, the suggested 
model considers investment and innovation in climate technologies, whereas on the side of the consumption it takes into 
account economic and policy instruments to change the patterns of consumption of the households. The model follows a game 
theory approach and applies a theoretical framework à la Cournot. The results of the paper are the following: the model 
provides win-win solutions, namely strategic situations in which each country takes advantages by cooperating and competing 
at the same time within the global economy, and where each country get a positive return. In fact, the model shows the 
convenience for each country to cooperate and suggests the implementation of policies in order to satisfy the basic 
requirements of 2030 Agenda for Sustainable Development, in terms of production, consumption and climate change. 
 
Keywords: Climate Change, Environmental Sustainability, Model à la Cournot, Coopetitive Games, Green Economy 

1. Introduction  
 

The paper starts from the conclusion of the Paris agreement COP21 of December 2015 aiming at controlling carbon emissions, 

since "climate change is an urgent and irreversible threat to human societies and to the planet". The agreement, signed by 195 

countries, asks for the maximum cooperation of all countries. In addition, the paper takes into account the targets of 2030 

Agenda for Sustainable Development of the United Nations for a better quality of life. This is why we propose a co-petitive 

model where cooperation is essential, but also competition is necessary, since the countries are competing in the markets. We 

have already developed a co-petitive model applying to a green economy. Carfì and Schilirò (2012a): ‘A co-petitive model for 

the green economy’, but it focused mainly on the production side by developing a strategy regarding low-carbon technologies. 

This paper represents a global economy which aims to become environmentally sustainable, but it looks both at the production 

side and the consumption side. Regarding the production side, the suggested model considers investment and innovation in 

climate technologies, whereas on the consumption side it takes into account economic and policy instruments to change the 

patterns of consumption of the households. The model follows a game theoretic approach and applies a theoretical framework 

à la Cournot. 

Althought game-theoretical models are not systematically applied in coopetition studies, Game Theory has proved to be 

extremely useful for coopetition analysis. For example, Brandenburger and Nalebuff (1995, 1996) argued that game theory is 

useful for understanding coopetitive situations. Clarke-Hill et al. (2003), Rodrigues et al. (2011), Stiles (2001) applied game 

theory for investigating strategic coopetition. Other authors have faced the problem of coopetition and competition (see 

Alvarez and Barney, 2001; Hagedoorn et al., 2001; Padula and Dagnino, 2007; Porter, 1985). 

Here, the authors use an original recent definition of a coopetitive game, in normal form, given by David Carfì. The model 

can suggest useful solutions to a specific coopetitive problem. This analytical framework enables us to widen the set of possible 

solutions from purely competitive solutions to coopetitive ones and, moreover, incorporates a solution designed “to share the 

pie fairly” in a win-win scenario. At the same time, it permits examination of the range of possible economic outcomes along 

a coopetitive dynamic path. We also propose a rational way of limiting the space within which the coopetitive solutions apply.  

The basic original definition we propose and apply for coopetitive games is that introduced by Carfì and Schilirò (2014a, 

2012a, 2012b, 2012c, 2012d, 2011) and Carfì (2015, 2012, 2009a, 2009b, 2008). The method we use to study the payoff space 
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of a normal-form game is due to Carfì (2015, 2009b), Carfì and Musolino (2015a, 2015b, 2014a, 2014b, 2013a, 2013b, 2013c, 

2012a, 2012b), and Carfì and Schilirò (2014a, 2012a, 2012b, 2012c, 2012d, 2011). Other important applications, of the 

complete examination methodology, are introduced by D. Carfì and co-authors in Agreste et al. (2012), Arthanari et al. (2015), 

Baglieri et al. (2016a, 2016b, 2012), Campbell and Carfì (2017, 2015), Carfì and Donato (2016a, 2016b), Carfì et al. (2017a, 

2017b), Carfì, et al. (2017), Carfì, et al. (2016), Carfì and Okura (2014), Carfì and Romeo (2015), Carfì and Pintaudi (2012). 

A complete treatment of a normal-form game is presented and applied by Carfì (2017, 2015, 2012, 2009a, 2009b, 2008), Carfì 

and Donato (2016a, 2016b), Carfì and Musolino (2015a, 2015b, 2014a, 2014b, 2013a, 2013b, 2013c, 2012a, 2012b), Carfì 

and Perrone (2013, 2011), Carfì and Ricciardello (2013, 2012 a, 2012b, 2010, 2009) and Carfì and Schilirò (2014a, 2012a, 

2012b, 2012c, 2012d, 2011), Donato (2017). Carfì (2008) proposes a general definition and explains the basic properties of 

Pareto boundary, which constitutes a fundamental element of the complete analysis of a normal-form game and of a coopetitive 

interaction. 

Moreover, to develop our ideas on environmental sustainability, we referred to Baumert et al. (2005), Chu (2016), Drolc 

(2013), Fiala (2008), Foley et al. (2011), Gauthier et al. (2016), Godland R. (2005), Leitzmann (2003), Lyakhov et al. (2016), 

Schilirò (2009), United Nations (2011). 

2. Methods 
 

In our model we have two players. 

• The 1st player A is constituted by the group of countries which are developed and possess the technological and 

financial capabilities to invest in green technologies. These are countries able to develop, produce innovative 

technologies and products “green oriented", adopt alternative sources of energy in order to fight the global warming. 

According to the Paris agreement COP21 the developed countries have a leading role in mitigation action through 

absolute targets for reducing domestic emissions. 

• The 2nd player B, instead, is the group of countries which are still developing or underdeveloped, which are interested 

to adopt solutions to fight the global warming. But these countries do not possess the technological and financial 

capabilities to invest in green technologies. According to the Paris agreement, one of the three main objectives is 

promoting resilience and adaptation investments in developing countries, in particular to reduce threats to food 

production. 

 

The sets of possible individual strategies 

The 1st player A has the technological and financial capabilities and the will to pursue actions aimed at producing “green" 

energy-saving innovative technologies and “green oriented products" in order to reduce dependence on oil, coal and gas that, at 

the same time, have a positive effect on the environment, the climate and the welfare of the citizens.  

The 2nd player B has financial and technological constraints. His choice is whether to follow the same strategy of A or to 

continue producing as before, without worrying about the impact on the environment. The choice also depends on the 

cooperation of A in providing the transfer of green technologies and financial resources to produce “green oriented good". 

This model is able to provide win-win solutions to avoid the disintegration of the environment.  

 

Definition of possible cooperative strategies to be determined through a joint decision-making of the two players 

The cooperative “green" strategy at a global level moves on three lines 

1. Investment in low-carbon technologies to reduce the CO2 emissions. 

2. Investment in eco-sustainable urban infrastructure with low environmental impact. 

3. Reduction in the emissions (production and consumption) of oil, coal and gas (highly polluting energies). 
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Definition of an economic environment in which the interactive action takes places 

In the model, there is a competition between the two agents (A and B). This competition takes place at the level of productions, 

which use high technology, or even medium technologies with “green" purposes.  

The competitive strategy is based on productions: x and y. These productions are essentially homogeneous. The product 

consists in the aggregate of all possible “green oriented products" that the two players A and B can produce using green 

technologies.  

The basic idea of the model is to shift the technology of productions towards a “green" frontier. In this model of competition 

between agents (the two groups of countries) the driver is the production, in particular the production of biological food. The 

model is a duopoly model à la Cournot. This model allows to find a solution which is profitable for both players (win-win 

solution). Such solution is profitable but it is also environmental or “green" oriented. 

 

The economic model 

The coopetitive model we propose hereunder must be interpreted as a normative model, in the sense that it will show the more 

appropriate solutions and win-win strategies chosen within a cooperative perspective, under precise conditions imposed by 

assumption. 

 

Strategies 

The strategy sets of the model are: 

1. the set E of strategies x of a certain country c - the possible aggregate biological-food production of the country c - 

which directly influence both payoff functions, in a proper game theoretic approach à la Cournot; 

2. the set F of strategies y of the rest of the word w - the possible aggregate biological-food production of the rest of 

the world w - which influence both pay-off functions; 

3. the set C of 2-dimensional shared strategies z, set which is determined together by the two game players, c and the 

rest of the world w. 

 

Interpretation of the cooperative strategy 

Any vector z in C is the 2-level of aggregate investment for the environment sustainability economic approach, specifically z 

is a couple (z1, z2), where: 

1. the first component z1 is the aggregate investment and innovation, of the country c and of the rest of the world w, in 

climate technologies; 

2. the second component z2 is the aggregate algebraic sum, of the country c and of the rest of the world w, of economic 

and policy instruments (valued in dollars) to change the patterns of consumption of the households. 

In the model, we assume that c and w define ex-ante and together the set C of all cooperative strategies and (after a deep study 

of the coopetitive interaction) the couple z to implement as a possible component solution. 

 

Main strategic assumptions 

We assume that: 

• any real number x, in the canonical unit interval  

E := U  = [0, 1], 

is a possible level of aggregate production of the country c; 

• any real number y, in the same unit interval  

F := U = [0, 1], 

is the analogous aggregate production of the rest of the world w; 

• a real couple (2-vector) z, belonging to the canonical square  

C := U2 = [0, 1]2 
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is the 2-investment of the country c and of the rest of the world w for new low-carbon innovative technologies, in 

the direction of sustainability of natural resources and for the environmental protection. 

 

Measure units of the strategy sets 

We assume that the measure units of the two intervals E and F be different:  

• the real unit 1 in E represents the maximum possible aggregate production of country c of a certain biological product 

• the real unit 1 in F is the maximum possible aggregate production of the rest of the word w, of the same good 

(obviously these two units represents totally different quantities, but - from a mathematical point of view - we need 

only a rescale on E and a rescale on F to translate our results in real unit of productions). 

• the real unit 1 of each factor of C is, respectively: 

- a maximum possible aggregate investment and innovation in climate technologies; 

- a maximum possible aggregate algebraic sum of economic and policy instruments to change the patterns of 

consumption of the households. 

 

Let us assume, so, that the country and the rest of the world decide together, at the end of the analysis of the game, to contribute 

by a 2-investment z = (z1, z2). 

We also consider, as payoff functions of the interaction between the country c and the rest of the word w, two Cournot type 

payoff functions, as it is shown in what follows. 

 

Payoff function of country c 

We assume that the payoff function of the country c is the function f1 of the unit 4-cube U4 into the real line, defined by 

f1(x, y, z) = 4x (1 – x – y) + m1z1 + m2z2 = 4x (1 – x – y) +(m|z) 

for every triple (x, y, z) in the 4-cube U4, where  

• m is a real 2-vector representing the interest rate of the investments decided by country c and by the rest of the world 

w upon the economic performances of the country c. 

 

Payoff function of the rest of the world w 

We assume that the payoff function of the rest of the world w is the function f2 of the unit 4-cube U4 into the real line, defined 

by 

f2(x, y, z) = 4y (1 – y – x) + (n|z) 

for every triple (x, y, z) in the 4-cube U4, where  

• n is a real 2-vector representing the interest rate of the investments decided by country c and by the rest of the world 

w upon the economic performances of the rest of the world w itself. 

Remark. Note the symmetry in the influence of the pair (m, n) upon the pair of payoff functions (f1, f2). 

 

Payoff function of the coopetitive game 

We have so build up a coopetitive gain game G  = (f, ≥ ), with payoff function 

f : U4 →R2 , 

given by 

f(x, y, z)  = (4x (1 – x – y) +(m|z), 4y (1 – y – x) + (n|z))= 

= (4x (1 – x – y), 4y (1 – y – x)) + z1 (m1, n1) + z2 (m2, n2) = 

= (4x (1 – x – y), 4y (1 – y – x)) + Σ z (m: n),  

for every triple (x, y, z) in the compact 4-cube U4, where (m: n) is the 2-family of 2-vectors 

((mi, ni))1≤i≤2 = ((m1, n1), (m2, n2)) 
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and where 

∑ z (m: n) := ∑i zi (mi, ni) 

denotes the linear superposition (linear combination) of the family (m: n) by the system of coefficients z. 

3. Results and Discussion 
 

We show, in the following figures (Figures 1-4), the construction of the coopetitive payoff space in three steps, in the particular 

case in which  

m = (-1, 1) 

and  

n = (2, 3), 

just to clarify the procedure. Moreover we shall consider here only the coopetitive space S generated by the Pareto maximal 

boundary  

M2 = [e1, e2], 

since the Pareto Maximal boundary of the coopetitive game G is contained in this part S. 

 

 

Figure 1. Step 0: S0 :=M2 (the positive part of the Cournot payoff space). 

 

Figure 2. First step: S1:=M2 + U(-1, 2). 
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Figure 3. Second step: S2:= M2 + U (-1, 2) + U (1, 3). 

 

Figure 4. The coopetitive dynamical path of the initial Pareto boundary M2. 

 

The Pareto maximal boundary of the payoff space f (U4) of the coopetitive game G is the union of segments 

[P’, Q’] ∪ [Q’ R’],  

where the point P’ is (0, 6), the point Q’ is (1, 5) and the point R’ is (2, 3); as our figures are showing. 
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Properly coopetitive solutions 

In a purely coopetitive fashion, the solution of the coopetitive game G must be searched for in the coopetitive dynamic 

evolution path of the Nash payoff  

N’ = (4/9, 4/9). 

Let us study this coopetitive dynamical path. We have to start from the Nash payoff N’ and then generate its coopetitive 

trajectory 

N := N’ + U(-1, 2) + U(1, 3). 

For the construction of the Nash path, as before, we can proceed step by step (see Figure 5-6-7). 

 

 

Figure 5. Step 0: N’. 

 

 

Figure 6. First step: N’+ U (-1, 2). 
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Figure 7. Second step: N’+ U (-1, 2) + U (1, 3). 

 

We show, in Figure 8, the Kalai-Smorodinsky purely coopetitive payoff solution with respect to the Nash payoff (the point 

H). This is the solution of the classic bargaining problem  

(∂* N, N’), 

where ∂* N is the Pareto maximal boundary of the Nash path N and the threat point of the problem is the old initial Nash-

Cournot payoff N’.  

The payoff solution H is obtained by the intersection of the part of the Nash Pareto boundary which stays over N’ (in this 

specific case, the whole of the Nash Pareto boundary) and the segment connecting the threat point N’ with the supremum of 

the above part of the Nash Pareto boundary. 

Then we consider another purely coopetitive solution H’, obtained by using as a treat point the infimum of the maximal 

boundary of the Nash path. 
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Figure 8. Kalai-Smorodinsky purely coopetitive payoff solutions: H and H’. 

 

In this game, the two Kalai-Smorodinsky purely coopetitive payoff solutions H and H’ are not optimal with respect to the 

Transferable Utility approach, neither they belong to the maximal Pareto boundary of the game.  

 

Super-Cooperative Kalai-Smorodinsky bargaining solutions 

The Kalai-Smorodinsky bargaining solution, with respect to the infimum of the payoff space, equals the intersection of the 

diagonal segment  

[inf G, sup G] 

and the Pareto boundary M.  

This solution equals the point K of the segment [Q’, R’]. This point K represents a good win-win solution with respect to the 

initial (shadow maximum) supremum (1, 1) of the pure Cournot game. 

The Kalai-Smorodinsky bargaining solution, with respect to the infimum of the Pareto boundary, equals the intersection of the 

diagonal segment  

[inf M, sup M] 

and the Pareto boundary M itself, and is the point 

K’ = (1,5). 

This point K’ represents a good win-win solution with respect to the initial (shadow maximum) supremum (1, 1) of the pure 

Cournot game and is also optimal from the TU (transferable utility) point of view (see Figure 9). 
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Figure 9. Super-cooperative Kalai-Smorodinsky solution in the payoff space: K. 

 

In Figure 10, we show a confrontation between the Nash path and the Pareto path, as well as a confrontation between the 

solutions H, H’, K and K’. It is evident that none of the Nash points reveals Pareto efficient. In particular, the fair solution H’ 

is strictly less than the fair solution K’. 

 

Figure 10. Confrontation between the solutions H, H’, K and K’. 
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4. Conclusions 

This paper proposes an environmentally sustainable global economy. The model which represents this economy looks both at 

the production side and the consumption side. Regarding the production side, the model considers investment and innovation 

in climate technologies, whereas on the consumption side it takes into account economic and policy instruments to change the 

patterns of consumption of the households. The model, based on a theoretical framework à la Cournot, follows a game theory 

approach. Such a model provides win-win solutions, namely strategic situations in which each country takes advantages by 

cooperating and competing at the same time within the global economy, and where each country get a positive return, in order 

to achieve an inclusive and sustainable industrial development. In fact, the model shows the convenience for each country to 

cooperate and implement policies in order to fully satisfy the basic requirements of UNIDO 2030 Agenda for Sustainable 

Development, in terms of production, consumption and climate change. 

In particular, our co-opetitive model shows win-win solutions, upon a Pareto optimal frontier, of a co-opetitive strategic 

interaction aiming at a policy of environmental sustainability and implementing a green economy. This policy concerns 

1. investment and innovation in climate technologies. The application of innovative energy-efficient production 

processes along with the utilization of renewable energy sources enables countries in the determination of their 

output to follow a low-carbon and low-emission growth path with huge benefits for the climate and the environment 

2. economic and policy instruments, based on taxation and incentives, to change the patterns of consumption of the 

households, 

taking into account the determination of aggregate output of biological food of any country c in a non-cooperative game à la 

Cournot with the rest of the world. 

The analytical features of the model are: 

1. first, we defined z as the cooperative strategy, which is the instrumental 2-vector (2 dimensions) of the environmental 

sustainability policy, concerning both production and consumption; 

2. second, we adopted a non-cooperative game à la Cournot for establishing an equilibrium bi-level (x, y), that 

represents the levels of outputs of country c and of the rest of the world w in production of biological food; 

3. third, we suggested two types of solutions: 

- two pure payoff coopetitive solutions (Fig. 8). Respectively, H, which is the Kalai-Smorodinsky purely co-

petitive payoff solution with respect to the Nash payoff, and H’, which is a purely co-petitive solution obtained 

by using as a treat point the infimum of the maximal boundary of the Nash path. 

- two super-cooperative solutions K and K’ belonging to the co-opetitive maximal Pareto boundary of our game 

(Fig. 9). K and K’ are determined by adopting the Kalai-Smorodinsky method with two different threat points, 

thus obtaining two best Pareto compromise solutions of which K’ is also optimal from the TU (transferable 

utility) point of view. The main feature of this second solution is that it is an optimal and fair solution. 

4. Finally, we provided a confrontation between the solutions H, H’, K and K’, showing the Nash path and the Pareto 

path (Fig.10). None of the Nash points reveals Pareto efficient. In particular, the fair solution H’ is strictly less than 

the fair solution K’. 

 

To define more specifically the possible practical implications of our model, let us consider the payoff K'. We easily obtain 

such a payoff compromise solution as the result of infinite possible global politics (profile strategy), one elementary way 

(perhaps two polarized, but we desire only two propose an elementary example) appearing the following one: 

 

K' = f(1/2,0,1,1) . 

 

In other terms, a possible agreement could be the profile strategy defined by the following components: 

1. player one produces and sells on the global market 1/2 million pieces of production (that is 1/2 of the critical 

production of the Cournot game, considering it equal to 1 Million); 
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2. player two produces its vegan heathy food for its internal consumption, but sells 0 in the global market; 

3. the players decide together to invest the maximum possible amount of money for their common investment vector 

strategy z. 
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Abstract 
‘Labelling’ means «any words, particulars, trademarks, brand name, pictorial matter or symbol relating to a food and placed 
on any packaging, document, notice, label, ring or collar accompanying or referring to such food». The general objective of 
food information provision to consumers is to pursue a high level of consumers’ health protection and to achieve free 
movement of legally produced and marketed food in the European Union. Final consumers should be enabled to make informed 
choices and to enjoy safe use of food, with particular regard to health, economic, environmental, ethical and social 
considerations (EU Regulation No 1169/2011 on the provision of food information to consumers). 
Sustainability labels are important tools helping consumers to assess the sustainability aspects of food. 
New positioning models based on sustainability support the brand image in the digital era, where consumers are increasingly 
looking for information even before purchasing. Brands have started communicating sustainability related information to 
consumers, introducing labels and certified logos in order to gain a competitive advantage based on perceived quality. 
According to some Authors, consumers may apply heuristics to simplify their decision, with the outcome that they do not pay 
attention to all product characteristics when making a food choice. 
An empirical analysis is justified by the importance of knowledge about the capability of young consumers to recognize the 
main meanings of labels concerning sustainability tools. It is also relevant in order to measure their interest and willingness to 
pay related to sustainable consumption in different areas. 
The aim of this empirical study is to investigate the capability of University students - attending, among others, also 
Commodity science, Social science and Economics classes - to be informed by labels and consequently choose towards some 
direction of consumption, including sustainable consumption. 
Young people are more and more asking for additional food quality and food safety and pay a lot of attention to sustainable 
food. 
The research questions are: 1) Are young people conscious of the meaning of voluntary certification schemes related to 
sustainable aspects? 2) Is it possible to quantify their “willingness to pay” for food products bearing sustainable quality marks? 
The proposed methodology includes a data analysis of the answers obtained by the questionnaire distribution with the scope 
of considering different degrees of attention and capability in reading labels, different styles of consumption as well as socio-
economic and personal data. 
This study aims at providing insight on “if” and “how” University students understand voluntary certification schemes related 
to food sustainability. 
Understanding sustainability quality marks is a necessary precursor leading to informed food choice. 
 
Keywords: food labelling, sustainability quality marks, empirical study, willingness to pay, perceived quality. 

1 Introduction  

According to EU Regulation No 1169/2011 on the provision of food information to consumers, ‘labelling’ means «any words, 

particulars, trademarks, brand name, pictorial matter or symbol relating to a food and placed on any packaging, document, 

notice, label, ring or collar accompanying or referring to such food». The general objective of food information provision to 

consumers is to pursue a high level of consumers’ health protection and to achieve free movement of legally produced and 

marketed food in the European Union. Final consumers should be enabled to make informed choices and to enjoy safe use of 

food, thanks to sustainable quality marks (hereafter, SQMs) relating to health, economic, environmental, ethical and social 

considerations, and also regarding other sustainability aspects such as organic production, geographic indication and country 

of origin.  

Food business operators may provide food information also on a voluntary basis; such information shall not mislead 

consumers, shall not be ambiguous or confusing for consumers and shall, where appropriate, be based on relevant scientific 

data. Voluntary food information shall not be displayed to the detriment of the space available for mandatory food information. 
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Within these general compulsory requirements, many voluntary sustainability schemes have been created for food and non-

food products not only in the European Union but also all over the world: according to the cataloguer Ecolabelindex 

(Ecolabelindex, 2018), at present there are 464 ecolabel schemes in 199 countries, divided into 25 industry sectors. These 

schemes aim at enhancing a culture of sustainability and at informing consumers so that they may opt for sustainable 

consumption. 

Over the last decades many consumers have changed their consumption patterns channelling them towards more sustainable 

production (Watts et al., 2005; Holloway et al., 2007; Cerri et al., 2018), even if they lack complete awareness of what a 

conscious sustainability choice really is: it has been extensively shown that, in general, EU consumers find sustainability labels 

hard to understand, and this may limit the use of quality marks (Horn, 2009; Grunert 2011). 

SQMs may relate to a wide variety of aspects, among which, for example, climate friendly food consumption such as 

geographic indication and organic production (Aprile et al., 2012; Zander et al., 2015; Drexler, 2017; Puska et al., 2017; 

Bazzani et al., 2017); social responsibility, e.g. fair trade labels (Panico et al., 2014); nutritional information (Kiesel et al., 

2011); packaging (Scott and Vigar-Ellis, 2014; Magnier et al., 2016); and specific products such as seafood (Jaffry et al., 2004; 

Honkanen and Young, 2015). 

All or some of the above-mentioned characteristics have also been analysed jointly (D'Souza et al., 2006; Annunziata and 

Scarpato, 2014; Grunert et al., 2014; Hoek et al., 2017; Janßen and Langen, 2017). 

As reported above, consumers may be concerned about sustainability characteristics of products. Many papers argue that some 

consumers are willing to pay (hereafter, WTP) some more money for products bearing SQMs (Laroche et al., 2001; Loureiro 

and Lotale, 2005; Sammer and Wüstenhagen, 2006; D’Souza et al., 2007; Kotker, 2011; Tully et al., 2014).  

Young people are more and more asking for additional food quality and food safety and pay a lot of attention to sustainable 

food. Also when it comes to choosing the right school for higher education, food services are important decision factors next 

to affordability, location, and academic resource availability. According to Horovitz (2006), even when faced with the decision 

to choose between Harvard and Yale, student Philip Gant chose Yale not only for academics, but also for Yale's dedication to 

serving “sustainable” food. Horovitz claimed that «students such as Gant are embracing the idea of food grown locally with 

ecologically sound and seasonally sensitive methods». 

To the Authors’ knowledge, papers about sustainability consciousness and WTP for it of young people are few (for example, 

Basu and Hicks, 2008; Vermeir and Verbeke, 2008; Hume, 2010; Mäkiniemi et al., 2011; Lee, 2014; Aprile and Mariani, 

2015; Li et al., 2015; Gorissen and Weijters, 2016; Savelli et al., 2017; Bollani et al., 2017; Brunner et al., 2018, Sidiropoulos, 

2018). 

Therefore, the aim of this empirical study is to investigate the capability of University students – attending, among others, also 

Commodity science, Social science and Economics classes - to be informed by labels and consequently choose towards some 

direction of consumption, including sustainable consumption. The objective is also to verify the possibility to quantify their 

“willingness to pay” as a percentage of the base price for food products bearing SQMs. 

2. Methods 

We have decided to choose higher educated students for at least two reasons: 1) they are individuals with specific 

characteristics (mainly young age and at least high school diploma); and 2) we consider that they may have some knowledge 

on the concept of sustainability that, for the aim of this study, is crucial: without it, responses on many questions regarding for 

example aspects like attitude and behavioural intention towards products bearing SQMs would have been almost hypothetical. 

As University students interviewed were enrolled at the School of Management and Economics, the multidisciplinary objective 

is met since they were attending, among others, also Commodity science, Social science and Economics classes. 
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Young students will be the consumers of the future and, according to Vermeir and Verbeke (2008), «they are in the end stage 

of forming their personal identity and developing a personal system of beliefs and values. Very likely, they will take their 

habits into their older age and therefore provide policy makers with ample possibilities to create sustainable food consumption 

habits within the […] population». 

With the purpose to achieve the object of this study, we aim at answering the two following research questions:  

Q1) Are young people conscious of the meaning of voluntary certification schemes related to sustainable aspects? 

Q2) Is it possible to quantify their “willingness to pay” for food products bearing SQMs? 

In order to answer these questions, an anonymous survey was created. 

The questionnaire was designed after an in-depth literature review on sustainable food and non-food consumption. It was 

developed following the consideration that final consumers should be enabled to make informed choices and to enjoy safe use 

of food, among others thanks to SQMs relating to health and nutrition information, economic, environmental, ethical and 

social considerations, and also regarding other sustainability aspects such as organic production, geographic indication and 

country of origin. Sample questionnaires from previous similar studies have as well been taken into account as inspiration 

(D’Souza et al., 2006; Scott and Vigar-Ellis, 2014; Grunert et al., 2014; Sidali et al., 2016; Hoek et al., 2017; Cerri et al., 

2018). 

A piloting version of the questionnaire was tested beforehand on about 20 University students of the University of Torino, in 

order to detect any mistakes and to assess any structural weaknesses of the questionnaire (Vecchio and Annunziata, 2013; 

Clonan et al., 2010). Following a few adjustments, a final version fit to be administered through “Computer-assisted personal 

interviewing” (CAPI) was defined. An interviewer was always present to serve as a host and to guide the respondent.  

The questionnaire was administered during the Academic Year 2017/18 at the Turin campus of the School of Economics and 

Management (University of Torino). 

The first section of the questionnaire asked respondents about general aspects of sustainability for which opinions, general 

behaviours, and purchase behaviour were tested. It consisted of 11 items and respondents were asked to choose the most 

suitable answer on how far they consider a specific aspect important, frequent or difficult, using a 7 point Likert scale (Likert, 

1932). 

From Section No 2 to section No 6 the questionnaire analysed various aspects of SQMs such as health, economic, 

environmental, ethical and social considerations, and also organic production.  

Even here respondents’ thoughts were rated by a 7-point Likert scale. In addition to the above cited level of importance and 

frequency, the level of agreement and of belief concerning some statements was investigated. 

Section n. 7 concerned SQMs. The first question of this section was about the respondents’ frequency in reading a product 

label. This is a crucial item because only if there is the habit of reading the products’ labels consumers have a chance to see 

and recognize SQMs, and consequently to make conscious choices. 

In the second question we introduced the following SQMs related to environmental, ethical and other aspects such as organic 

production: Recycled Content; Dolphin Safe / Dolphin Friendly; Fair Trade; EU organic products label. 

The four sustainability labels used as examples were then tested for familiarity (“Have you ever seen these SQMs?” and ‘‘How 

well do you know these SQMs?”) and understanding (“What do you think this SQM means?’’): familiarity was verified by 

asking the respondents to rate on a 7-point Likert scale with endpoints 1=‘‘Never’’ and 7=‘‘Always’’, while understanding 

was tested by providing a list of potential answers of which only one answer was true. In constructing the wrong alternatives 

for these statements, the attempt was made to formulate items which were objectively wrong, or not so close to the true answer 
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that respondents would be confused. The aim was to have a similar level of difficulty of the test across the four labels. We are 

aware that there may be some uncertainty as to the comparability of the levels of understanding for all the labels.  

Section No 8 was dedicated to an oral explanation of the above mentioned SQMs. After it, section No 9 investigated about the 

interviewed WTP for these SQMs. 

Section No 10 referred to socio-demographic characteristics of respondents. 

3. Results and Discussion 

Our empirical investigation is still in progress and - by now - we are able to present some main results concerning about 160 

University students attending the School of Management and Economics of the University of Turin. As we expected, the 

analysis of the answers revealed that respondents face food sustainability with varying degrees of consciousness. 

The aspects taken into consideration by the questionnaire were divided into following sections: communication strategies most 

effective in order to sensitize, economic aspects, health and nutritional aspects, environmental aspects, ethical and social 

aspects; they are summarized in the following graphs. For each item, shown in its category (defined by section), a box plot is 

presented. This kind of graph shows the lower and the upper value reached for each item (very often between 1 and 7), 

considering an ascending judgement from 1 to 7 attributed in a Likert scale. It also shows the first and the third quantiles, 

located at the extremes of the box, and the median inside it (the mean is also calculated and written near the name of the item). 

Inside each category, the items are set in ascending order considering the mean; thus, on the right side of each graph we can 

see the preferred items within their category. Information on variability may also be deduced looking at the height of the box 

(which is the difference between the two considered quantiles). 

 

Figure 1. Evaluated items for the following categories: strategies of communication most effective in order to sensitize (on 
the left) and economic aspects (on the right) 

As we can see, from the point of view of the strategies of communication most effective in order to sensitize, the most 

recognized strategies are social media, which reached a mean importance of 5.86, towards ads (5.39), influencers’ action (5.38) 

and web sites (5.29). Among these first items, the larger variability in responses is attributable to the importance of the 

influencer; therefore, in the sample, people do not always have congruent opinions.  

If we consider some economic aspects, the most relevant point appears to be to assign a correct value for money (5.83); in the 

last place we find the same price as an unsustainable product, but the variability is high and so not all the sample agrees. 
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Figure 2. Evaluated items for the following category: health and nutrition information. 

Concerning health and nutrition information, respondents indicated as most relevant – for a sustainable food – the 

characteristics linked to health (no additives, health benefits, natural, safe, fresh); also, for these aspects variability is low (i.e. 

people have similar ideas on these points). 

  

Figure 3. Evaluated items for the following categories: environmental aspects (on the left) and ethical and social aspects 
(on the right). 

Looking at environmental aspects, respondents gave more importance to these behavioural habits: buy low consumption light 

bulbs (5.15), dispose of trash in different containers (5.26), keep the remaining food for the following meals (5.30), turn off 

unused lights (5.7, with very low variability). A great variability is found in using  food not consumed for animals (also 

depending on the fact that not all people have animals with them). Obviously, throwing away left over food scored lowest, 

while in an intermediate position we find reusing food for other recipes and repairing goods. 

Considering some ethical and social aspects, it does not seem very common to look for information on workers' conditions 

and their safety: these two items, with a certain variability, record a low score (2.65 and 2.79). In a central position, as regards 

the information requested, are the logo of social responsibility, donations to charity and a fair price for farmers. The highest 

score on the information requested concerns prevention of climate change (3.18) and maintaining animal welfare (3.65), even 

if a high variability for the latter elements indicates some points of disagreement. 

Finally, as anticipated in the methodology, we will discuss the recognition capacity of the four SQMs examined using our 

sample. Subsequently, respondents received an explanation of the meaning of the symbols and were asked to choose (in a list) 

a relative increase they would be willing to pay in case they found the specific SQM on the product to be purchased. 

The main results are summarized in the following table: 
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Table 1. Recognition capability and willingness to pay referred to the analysed SQMs. 

SQMs Recognition capability Willingness to pay 

 
  

 

  

 

  

 

  

The SQMs which scored the highest number of correct answers are the first one (recycled content) and the last one (EU organic 

products label); they also scored the highest number of respondents declaring a willingness to pay greater than 20% (and also 

greater than 15%, if we put together the last two classes). 

The second SQM (dolphin safe / dolphin friendly) was exactly recognized in the fewest cases: probably the symbol is easy 

and people may think they have seen it, but it can evoke different meanings. In contrast, the symbol of fair trade is probably 

very recognizable but not so common and many people say they do not know the meaning. In both cases, the willingness to 

pay seems to be lower than that of the other two SQMs. 

4. Conclusions 

Consumer education can play an important role in promoting sustainable consumption. We may identify the following steps 

for a successful use of quality marks: consumer awareness; consumer acceptance; consumer behaviour change.  

We strongly advise that educational initiatives about sustainability consumption are coordinated at least at EU level. 

Future actions: the concept of sustainable consumption needs to be defined more clearly. 

The research adds to the existing literature by examining not only the relevance and acceptance of different food sustainability 

labels as regards University students – attending, among others, also Commodity science, Social science and Economics 

classes - but also their ‘willingness to pay’ for such food. 

It is important for business operators, society and policy makers to better understand reasons underlying environmentally 

responsible consumer behaviour. 
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Abstract 

The ever-increasing need for energy efficiency and sustainability adoption in the built environment is imperative to mitigate 

and minimize future challenges from climate change and limited finite resources. To meet these challenges, a transformative 

shift is required in how property owners and investors consider the importance of environmental performance, in particular, 

energy efficiency and engaging in a program of change.  

This research investigated Australian new housing consumers awareness, comprehension, trust, and value in a rating which is 

mandatory for all new dwellings. The findings of the research highlights the large number of consumers unaware of their 

homes’ certification and low levels of awareness of the mandatory rating system per se. However, those consumers who were 

aware and familiar with the certification demonstrated a greater association with their willingness to pay and perceived value. 

Further, it was found that consumers’ familiarity and underlying attitude towards the certification program did affect their 

decision-making in the purchasing process and the way in which they use their homes. The results provide insights for 

governments’ policy development and housing industries strategies to promote energy efficiency and sustainability through 

rating systems. This research demonstrates a need for clear messaging and communication to increase awareness and engage 

consumers to make better housing choices and use their homes in a more efficient and sustainable way. 

 
Keywords: Sustainability, Rating Tools, Consumers, Perception, Decision-Making 

1. Introduction  

Sustainability and environmental rating tools were developed to assist clients, consumers, designers, suppliers, constructors, 

government and the like, to ascertain and communicate requirements, identify benchmarks and objectives, and often provide 

a source of verification and reward for creating a more environmentally sustainable built environment. Sustainability rating 

schemes provide additional opportunity for marketing edge and differentiation in a market flooded with choice.  Subsequently 

hundreds of rating tools for the built environment have been developed globally over the past few decades. There has been 

considerable investment in the creation, development, marketing, operation and management of these tools, yet do these ratings 

tools actually promote sustainability, decisions to implement and engage consumers in more sustainable lifestyles and generate 

value for users?  

There is a plethora of rating and certification systems (see Golden et al. 2010; Reed and Krajinovic-Bilos, 2013);  yet research 

that investigates consumers and residential rating tools is more limited. In Australia, 200,000 new homes are built each year, 

yet the sustainability and energy efficiency adoption in new homes still lags behind other developed countries despite a 

mandatory energy efficiency rating requirement (HIA,2016; Burke, 2011; Jewell, 2015; Obst, 2015). In particular, the current 

energy efficiency regulation in Australia is ineffective and producing the worst performing new dwellings in comparison to 

UK, Canada and the USA (Horne and Hayles, 2008). Consumers are clearly labelled as a prominent problem in the provision 

of energy efficient new homes according to Pitt and Sherry (2014), due to their lack of engagement and willingness-to-pay for 

energy efficiency options. However, quantitative studies would suggest otherwise, with Fuerst and Warren-Myers (2018) 
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identifying a premium for energy certified properties in the Australian Capital Territory, where a mandatory disclosure 

program has been operating for nearly two decades, and the market there demonstrates value associated with the rating in both 

sales and rental prices. Yet, more broadly across Australia, there are multiple factors which contribute to this issue including 

consumers lack of knowledge, education and awareness, compounded by distrust in providers and unknown cost implications 

(see for example: Warren-Myers et al., 2012; Dalton et al. 2008; Crabtree and Hes 2009; Crabtree 2006; Williams and Dair 

2007). One aspect, is lack of information and development of awareness of ratings, as found by Warren-Myers and McRae 

(2017) and Warren-Myers (2017), poor information provision and limited discussion prevented many consumers from 

engaging in energy efficient initiatives. Yet there was an understanding in smaller focused studies that there was value 

associated with increased energy efficiency; but barriers to implementation related to unfamiliarity with the opportunities and 

unclear information and communication with builders which inhibits engagement and implementation (Crabtree and Hes, 

2007; Warren-Myers, 2017). For the general population, sustainability and energy efficiency initiatives are not considered due 

to barriers relating to costs and knowledge deficiencies (Eves, et al.,2010; Hurth, 2010). But a recent study by Romanach et 

al. (2015) using a survey of 456 Australian residents suggests consumers would seek out more energy efficient homes. The  

concept of rating systems is to increase the ability for communication of sustainability or energy efficiency desired attributes. 

In the case of Australia it is there to measure and establish minimum energy efficiency levels for new homes.  However, no 

research has investigated on a large scale whether new homebuyers who’ve built a new home are aware of this mandatory 

rating, their attitude towards the rating and whether their perceptions of the mandatory rating system drive or change behaviour. 

Investigating consumers attitudes and behaviours in relation to the mandatory rating system in Australia may shed light on 

some of the current drivers and barriers for limited energy efficiency initiatives being built into new homes. This research 

investigates consumers who had recently built a new home in Australia and investigated their awareness, comprehension, trust, 

and value in a rating which is mandatory for all new dwellings.  

2. Methods 

The research approach was designed to explore consumers (new homebuyers) awareness, perception and value of the rating 

tools for new homes. An online survey comprising a combination of structured and semi-structured questions were asked. The 

survey took approximately 30 minutes to complete and was approved by the University’s Human Research Ethics Committee.  

Participants were recruited through fieldwork survey group, the Online Research Unit (ORU), who have a databank of 

Australian participants (circa 300,000). It was estimated around 15% of respondents would have recently purchased land or 

built a new home in Australia. The ORU have a QSOAP ‘Gold Standard’ and Global ISO 26362 accreditation and has been 

used in other Australian housing studies, namely the CSIRO’s recent study investigating energy efficiency in homes (see 

Leviston et al. 2015). The survey was administered by ORU and the actual survey was built and distributed using Qualtrics 

online survey software.  

The questions utilised in most cases used a 7-point Likert scale. In order to ascertain the answers to the questions posed in 

relation to awareness, behaviour change and decision making, and value generation. This paper structured questions relating 

to consumers’ awareness and perceptions of a sustainability certification for their dwelling; the knowledge of their own homes 

and who informed them of the rating; and there were additional modules that dealt with purchaser details and demographic 

attributes. This paper only examines consumers awareness of the mandatory rating tool that is required of all new homes in 

Australia. There is a minimum star rating required and there are no exceptions for new housing. Further questions relating to 

consumers’ broader awareness of development rating systems, and examining consumers’ attitudes and behaviours were also 

included in the survey, but were not a focus of the current study.   
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3. Results and Discussion 

There were 500 recorded responses to the survey comprising a split of 76% who had purchased land and built a new dwelling 

and 24% had at the time of the survey just recently purchased land. As this research focuses on the outcomes of the dwelling, 

the sample excluded those who had only purchased land, and was reduced to 362, those who had built a new home.  

The profile of respondents comprised 28% regional (outside a major city) and 72% from within a major city across Australia, 

with Victoria having the largest percentage of respondents which aligns with the level of private sector housing activity 

occurring within the state. Generally, the sample attained was representative of the housing development activity across 

Australia as shown in Table 1.  

Table 1. Australian profile of respondents by state compared to housing approvals by state 

State / Territory Percentage of Respondents Dwelling Approvals: Houses 
Private Sector 

Victoria 37% 31.3% 

New South Wales 30% 25.0% 

Queensland 15% 20.6% 

Western Australia 9% 12.9% 

South Australia 6% 6.9% 

Tasmania 1% 1.6% 

Australian Capital Territory 1% 1.1% 

Northern Territory 1% 0.6% 

 

The sample had 54% male and 46% female, with a mean of 42 years of age (st. dev 13.6). The age range below 30 (20%); 

between 31 and  45 (48%) whilst those above 45 (32%).  There were 78% married/defacto and 20% single/divorced/separated, 

and 2% did not wish to disclose. The household income profile had 15% earning less than $20,799 per annum; 21% earning 

between $20,800 and $51,999; 34% earning between $52,000 - $103,999; 22% earning between $104,000 - $181,999; and 8% 

earning more than $182,000. 1% declined to respond to this question. In terms of employment, 56% were employed full time; 

20% employed part time; 10% retired; 11% unemployed; 2% were students; and 1% were disabled and unable to work. 

The results are structured such that first we examine consumers attitudes and perceptions of the mandatory rating tool; and 

then we analyse the results from those participants who were actually aware of the sustainability certification of their dwellings.  

3.1. Consumer perceptions of the mandatory rating tool 

The outset of the research investigated what consumers understood about sustainable housing certification and asked them to 

name any certifications that they could think of; the results overall were poor with the majority (80.6%) listing that they didn’t 

know or provided no response. The following percentages were found for other named items: 13.8% listed solar panels and 

3% noted energy saving or energy features (which are not a sustainability certification); whilst actual noting of sustainability 

certifications included: the mandatory dwelling certification 1%; NSW mandatory certification 1%; 0.3% Green Star; and 

0.3% ISO9001. When prompted with the actual housing certification rating tool name; the level of familiarity was low, with 

only 34% indicating they were familiar with the name and logo and 58% indicating they were not familiar with the tool (shown 

in Table 2, mean of 3.5). These results support the findings of the earlier free response question in that few respondents couldn’t 

actually name any of popular known rating tools, and only several as noted previously, identified the mandatory rating. 

Although as demonstrated, when prompted 34% indicated they were familiar with the certification. It could be concluded from 

this that generally consumers, even though they had built a new dwelling are not very aware of either the mandatory energy 

efficiency requirements. The subsequent lack of awareness contributed to a strong response of ‘neither’ in the remaining 
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questions relating to whether rating tool represented high environmental standards, their trust in the certification, their 

willingness-to-pay more for a certification and that resale value would be enhanced by certification. An interesting aspect was 

close to half of consumers perceived the mandatory rating to demonstrate high environmental standards (45%) and that resale 

value would increase (45%). Yet their familiarity (34%), trust (38%) willingness-to-pay (38%) for this rating did not have 

similar results.  

Table 2. Consumers’ perceptions of the mandatory dwelling rating tool. 

 Strongly 
Disagree 

Disagree Somewhat 
Disagree 

Neither Somewhat 
Agree 

Agree Strongly 
Agree 

Mean 

(7) 

Median 

(7) 

Familiarity 24% 13% 10% 18% 18% 10% 6% 3.5 4 

High 
Environmental 

Standards 

7% 4% 4% 40% 24% 14% 6% 4.4 4 

Trust 8% 4% 6% 44% 22% 11% 5% 4.2 4 

   Pay more 13% 7% 7% 36% 20% 13% 5% 4.0 4 

Resale Value 9% 5% 7% 34% 26% 13% 6% 4.3 4 

N = 362 

When we examined those who were familiar with the rating system (Table 3) and their subsequent responses to the same 

questions, the frequency of responses that were positive in relation to high environmental standards, trust, willingness-to-pay 

and resale value were significantly higher than the neutral mid-point of the scale. This observation was further supported by 

T-test results that identified the responses were significantly different. To ensure reliability of the Likert scales used for 

analysis, Cronbach’s Alpha was used to determine the reliability, the result was a = 0.810. This suggests that as a result, if 

consumers have a familiarity with the tool then they have a stronger perception that the tool represents high environmental 

standards and a higher level of trust. Furthermore, they are willing to pay more to attain the rating and believe that this will 

add value to their homes.  

Table 3. Familiar consumers’ perception of the mandatory dwelling rating tool. 

 Strongly 
Disagree 

Disagree Somewhat 
Disagree 

Neither Somewhat 
Agree 

Agree Strongly 
Agree 

Mean 

(7) 

Median 

(7) 

High 
Environmental 

Standards 

2% 2% 0% 16% 36% 31% 13% 5.3 5 

Trust 1% 0% 3% 18% 36% 29% 13% 5.3 5 

    Pay more 2% 2% 3% 15% 36% 31% 11% 5.17 5 

Resale Value 1% 1% 5% 10% 41% 26% 16% 5.3 5 

N = 125 

In attempting to understand some of the background behind the consumers in the survey, they were asked two questions 

querying whether they ‘thought of themselves as an environmentally friendly-consumer’ (63%) and as ‘someone who is 

concerned with the environment’ (63%). A composite variable was created from these questions so consumers were grouped 

relating to their identity attitude, hereafter known as Green consumers. A composite variable was also developed based on 

their responses to attitudinal question relating to sustainability certifications in general. Attitudes towards rating certifications 

comprised the combining of consumers positive response that certification is an important consideration; should be mandatory 

for all new dwellings; and certification demonstrates high quality. 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

617



To examine the relationships between consumers familiarity with the rating tool, several questions were tested. The first 

question investigated the correlations between consumers familiarity with the mandatory rating, their Green consumer identity 

and their attitude towards sustainability certifications. 

Green consumers was correlated with greater familiarity with the certification and a more positive attitude towards 

certifications. This was evidenced by Pearsons Correlation (two-tail, pairwise test), that if they are familiar with the logo, there 

is a significant  but not strong correlation at 0.01 level (p<0.000)  with being a Green Consumer (0.244) and a positive attitude 

towards sustainability certifications (0.336). Those who self-identified as a Green Consumer demonstrated the greatest positive 

significant correlation with certification attitudes 0.587 at 0.01 level (p<0.000).  

However, when examining whether consumers certification attitude and Green consumers’ identity predict greater familiarity 

with the mandatory rating, and if so what is the strongest predictor. It was found that consumers’ attitude and green consumer 

identity would indicate a greater familiarity with the mandatory rating, using a multiple regression it was found that the attitude 

towards certifications had a statistically significant relationship with their familiarity with the rating (p=0.000). Although the 

R-square=0.341 was low, R-squared values lower than 0.5 still represent a valid result when examining human behaviour, as 

humans are generally harder to predict. This suggests that as a self-identified Green Consumer, there is a higher likelihood of 

having a positive attitude towards certifications, however, greater familiarity with the rating system is driven by consumers 

overall attitude towards certification. This is as expected as it is a more proximate variable and as such attitudes towards 

certifications for new dwellings was a stronger predictor of familiarity than Green consumer identity. 

3.2.  Known certification and investigation of perception, attitude and behavior  

In Australia the mandatory rating tools is required for all new homes, so whether consumers are aware of the rating system or 

not, their new dwelling would have been required to meet a minimum standard under the mandatory rating scheme. In asking 

the respondents whether they had purchased a property with a sustainability rating, 40% indicated their dwelling did, whilst 

10% suggested their development had a rating and 8% said they had purchased a dwelling in a certified estate, whilst 42% 

indicated that their property did not have a certification. However, when further questioned specifically about the sustainability 

certification for their dwelling, this level dropped to 23% of consumers  who indicated that they were aware of their dwelling 

having a sustainability certification. When asked what the rating system was, 1.2% identified the mandatory rating; 0.3% 

identified a NSW and Victorian specific rating requirement, whilst 3% noted a mainstream design based voluntary rating tool. 

Yet the only dwelling related certifications were the mandatory dwelling rating and the NSW rating requirement, the others 

were not associated specifically with residential dwellings. As the mandatory rating requirement for all new homes is to be 

built to a 6-star level across Australia, the lack of awareness is notable, even though results earlier indicated there was a some 

level of familiarity and awareness. These numbers are reflective of consumers awareness of the mandatory requirement, as 

only 23% of respondents indicated they were aware of this requirement, 38% were unsure and 39% said no. Of those who 

were aware of the certification requirements and that their dwelling had a certification, 60% were required to pay additional 

amounts to bring their home up to a 6-star standard, which might have highlighted the certification to them. Items that 

consumers were required to spend money on were the certification itself, solar hot water, rain water tanks, insulation, low 

energy and LED lighting, solar orientation, double glazing and energy efficient appliances. The mandatory rating examines 

energy efficiency through the dwelling’s building envelope (roof, walls, floor and window), however there are additional 

requirements that require energy efficiency standards for lighting and for the installation of a solar hot water system or 

rainwater tank for toilet flushing (Victorian Standards Board, 2017). So the features that consumers had to pay additional for 

were part of the required rating framework, with the exception of one who had to pay for appliances, which is noted that ‘plug-

in appliances’ and are not required as part of the 6 Star rating (VBA, 2017).  

When we examine the group (n=84) who knew their home had sustainability certification, Table 4 provides the Likert-scale 

analysis of consumers familiarity with the rating system, their perception that it demonstrates high environmental standards, 

their level of trust in the certification, whether they’d pay more and believe it added value to the property. It found that 67% 
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were familiar with the rating; 65% believed the rating demonstrated high environmental standards; 57% trusted the rating; 

64% would pay more for the rated dwelling and 63% believed it would increase the resale value. In comparison to the whole 

group (n=362) it was evident those who knew their home had a certification, their familiarity and perceptions of the rating tool 

were overall more positive, and this was tested for significance using a t-test with a Confidence Interval of 95%, which found 

across all questions a significant difference (p-value < 0.000). Reliability was also tested using Cronbach’s Alpha with a result 

of a = 0.768.  In this sample 82% had self-identified themselves as a green consumer.  

Table 4. Certification-aware consumers’ perception of the mandatory dwelling rating tool. 

 Strongly 
Disagree 

Disagree Somewhat 
Disagree 

Neither Somewhat 
Agree 

Agree Strongly 
Agree 

Mean 

(7) 

Median 

(7) 

Familiarity 8% 8% 9% 18% 18% 20% 19% 4.7 5 

 High 
Environmental 

Standards 

5% 4% 4% 22% 24% 25% 16% 5 5 

Trust 6% 2% 4% 31% 21% 20% 16% 4.9 5 

Pay more 10% 4% 1% 21% 24% 25% 15% 4.8 5 

Resale Value 5% 2% 4% 26% 27% 18% 18% 4.9 5 

N = 84 

There were several investigations that examined this group’s correlation between familiarity, Green consumer identity and 

certification attitudes. Using Pearsons’ Correlation it was found that there was a medium relationship between the familiarity 

and Green consumer identity (0.346, p=0.001) and certification attitudes (0.397, p<0.000). A larger association in the 

relationship between Green consumer identity and certification attitude was noted (0.563, p=0.000).  This suggests that there 

is a large positive relationship between those who identify themselves as Green consumers and a positive attitude towards 

certifications for new dwellings.  

To further examine whether familiarity, Green consumers, or sustainability certification attitude had a relationship with their 

actual behavior, these variables were correlated using Pearson Correlation (2-tailed). The behavioral actions investigated were:  

1. Sustainability certification played a role in my decision to purchase; 

2. I was willing to pay more for my property because it had a sustainability certification;  

3. The sustainability certification played a role in the type of house I have; 

4. The sustainability certification changed the way in which I use and occupy my home; and 

5. I believe sustainability certification has increased the resale value of my home.  

The correlation of the relationships is shown in Table 5. It can be observed that the attitude in relation to sustainability 

certifications has a larger association with behavioral actions than Green consumers and familiarity. The correlation analysis 

suggests that familiarity with the mandatory tool is strongly correlated with the willingness-to-pay more for a dwelling with a 

certification. Attitude towards the sustainability certifications had large associations with the influence factor on the type of 

home and how consumers use their home, which suggests that the type of home is being influenced by attitudes towards 

sustainability certifications and how the home is subsequently being used. Also amongst those with this attitude was the 

strongest perception that it would increase the resale value of their home.  
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Table 5. Correlation between attitudes and sustainable behaviour. 

 Attitudes Behaviors 

 

Familiarity Green 

Consumer 

Attitude 

Sustainability 

Certifications 

Decision 

to 

purchase 

Willing 

to pay 

more 

Influenced 

Type of 

home 

Influenced 

use of 

home 

Increase 

in 

resale 

value 

Familiarity 1 0.346** 0.397** 0.421** 0.536** 0.389** 0.422** 0.392** 

Green Consumer 0.346** 1 0.563** 0.401** 0.445** 0.503** 0.440** 0.483** 

Attitude Sustainability 

Certifications 

0.397** 0.563** 1 0.472** 0.495** 0.625** 0.548** 0.607** 

 N = 84, **. Correlation is significant at the 0.01 level (2-tailed). 

We conducted further investigation into the role of familiarity, certification attitude or green consumer attitudes in predicting 

the willingness to pay for sustainability certification. A multiple regression was performed with the dependent variable the 

willingness-to-pay. The model was found to be statistically significant (p=0.000) with an R-squared value was 0.406 (for a 

behavioral study this is acceptable). This indicates a large amount of the variance in willingness-to-pay was explained by 

familiarity, attitudes and green consumer identity. When examining the predictors, only familiarity and attitudes to 

sustainability certifications were statistically significant, meaning that Green consumer attitude was not a predictor of 

willingness-to-pay. Familiarity was the dominant predictor with a Standardized Coefficient Beta of 0.386  (p=0.000), 

compared to attitude to sustainability certification 0.273 (p=0.019). This suggests that consumers’ familiarity was associated 

with an increased willingness to pay (but not necessarily that one caused an increase in the other). 

When we considered the attitudes and whether these could predict whether the certification was perceived to increase the 

resale value, similar results were found. However, consumers attitudes towards certifications was found to be the strongest 

predictor of the beliefs that certification would increase resale value (Standardized Coefficient Beta 0.453, p=0.000). 

Familiarity was marginally significant (p=0.062) with a Beta of 0.183; whilst Green consumer attitude was again not 

significant.  This suggests that attitudes towards certifications does have a relationship with the perception of resale value. The 

survey then asked those who believed a premium was evident (79%) what premium they thought the property with certification 

would achieve, the results are shown in Table 6. This is supported by an empirical study by Fuerst and Warren-Myers (2018) 

who found premiums associated with energy efficiency ratings in the Australian Capital Territory; albeit their findings are not 

at the levels indicated here. Further, it should be noted that the rating system used in the Fuerst and Warren-Myers study (2018) 

had high visibility and exposure to all market participants through disclosure at point of sale, which is not necessarily the case 

here as demonstrated by the limited familiarity with the rating system and the mandatory requirements. 
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Table 6. Value premium associated with certification. 

Resale Value Premium Known Certification 

(n=66) 

More than 0% less than 5% 8% 

By 5% 11% 

By 10% 17% 

By 15% 14% 

By 20% 20% 

By 25% 15% 

By 30% 6% 

More than 30% 11% 

N=84 

3.3. Mandatory Rating Communication to Consumers 

To better understand whether consumers were informed or advised about the mandatory certification for the property from 

either the developer, builder or agent, only 12% (n=362) of the total population indicated they had been informed about the 

requirements of the mandatory certification by these individuals. This comprised 51% (n=84) of the consumers who knew 

their property had a mandatory certification. 

Interestingly, the use of sustainability features in the dwelling as part of the sales and marketing spiel by the developers, 

builders and agents did elicit strong responses from consumers. Consumers in this group did note that in their case 

sustainability credentials were spruiked by developers (87%); builders (91%) and agents (90%). The use of sustainability as a 

sales pitch, yet with limited discussion  in regard to current sustainability/energy regulations and a low uptake of sustainable 

features in the homes, questions what is the problem in this process. Do consumers not trust the rating systems, or the 

individuals who are providing them with the information? Although 95% did not provide further detail on this question, many 

noting they couldn’t remember the detail of the conversation, those that did detail their discussion the following topics noted 

were: energy rating (2%); energy efficiency (0.3%); green building (0.6%); Green Star (1%); appliances (0.3%); NABERS 

(0.3%); solar hot water and water recycling (0.6%).  

The results found in this survey of consumers overall familiarity with the mandatory rating system was low, although given 

they had built a new home where this rating is a requirement, the findings questions what information and discussion is 

occurring in the building process. Certainly, a limited awareness of the certification does not drive a desire to have the 

certification nor value it. This research has found, for those consumers who are aware that their dwelling has a certification, 

familiarity with the certification is related to increased WTP and positive environmental behaviours. Consequently, increasing 

consumers’ awareness of the rating will assist in driving better decisions and value of the mandatory certification.   

4. Conclusions 

This paper has examined consumers awareness of the mandatory rating tool in Australia, finding that only 34% of the 362 

consumers who had recently built a new home were familiar with the rating system that is required of all new homes. The 

research found that those who were familiar did exhibit higher mean results than the overall group in that they perceived the 

mandatory rating to provide higher environmental standards, a higher level of trust, that they’d be willing-to-pay more and 

that the certification had a positive impact on resale value. However, although all participants’ new homes would have the 

mandatory certification, only 23% of the 362 were actually aware their dwelling had a rating.  
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Subsequent analysis only examined those who were aware their home had a certification and this yielded some interesting 

results when examined in relation to their familiarity; their green consumer attitude; and their attitude towards certification. 

Examining the correlation between familiarity and attitudes, a medium association between familiarity and attitudes was 

identified; however, a large association was identified between green consumer attitude and certification attitudes. Both green 

consumer identity  and certification attitudes had a strong association with the selected type of home and how the homes were 

used. Yet, familiarity and certification attitude were driving factors behind consumers’ willingness to pay and perceived value 

of certifications.  

In practice, this research found there is a positive association between consumers’ familiarity, value perceptions and actions. 

It was found that  identifying as an environmentally friendly consumer  was associated with stronger awareness and positive 

attitudes towards sustainability certifications, and this influenced the type of home they purchased; however green consumer 

identity was not a significant predictor of willingness to pay.  

The results showed there was further opportunity to improve the provision and distribution of sustainability certification 

information provided to consumers during the building process that could enhance familiarity with the rating system. The 

attitudes of consumers who were aware of their certification were more likely to be familiar with the rating system and 

consequently would then alter decisions and valued the certification more. With the underlying positive attitude towards green 

consumerism of the whole group, by increasing familiarity with the rating system this should assist in generating greater 

willingness-to-pay.  We suggest that, based on the findings, it is plausible that informed consumers who value sustainability 

certifications may change their behaviour in regards to purchasing, occupation habits and decision making. This is particularly 

notable in light of the positive association that we found between consumer perceptions of sustainability certifications and 

higher resale value of homes. 

The results contribute to the academic body of  literature examining homebuyers engagement, motivation and decision-making 

in relation to rating tools, and help to elucidate theoretical understanding of pro-environmental behaviour and whether existing 

familiarity or awareness drives people want to buy more sustainable and energy efficient housing. The results also provide 

insights to those in the development and housing industries in developing strategies to promote sustainability through 

sustainability rating systems, that focus on clear messaging and communication of opportunities and benefits of sustainability 

ratings and initiatives available for new homes. 
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Abstract 

This paper presents a consumption-based ecological footprint study for Politecnico di Torino, a 33000 students Italian Higher 

Education Institution (HEI). Data were collected from different departments and administrative units of the Politecnico di 

Torino to estimate emissions and identify the measure of the pressure exerted by the campus activities on the ecosystem. More 

precisely, each category of consumption has been associated with the necessary amount of land to produce all the resources 

consumed and/or to absorb the waste generated by the campus community during 2016. Six main categories were identified, 

and relative impacts were translated into gha, the global ecological footprint hectares. Transports took the lion’s share with 

49.4% of the total campus impact, whereas energy covered 40.1%. Food, waste, land use and water accounted respectively for 

5.7%, 3.7%, 0.7% and 0.5%. Total footprint is around 6,200 gha, or about 48% of the total Turin city area. If compared to the 

actual surface occupied by the Politecnico di Torino, the campus would need an area 310 times larger to be self sufficient. 

This study presents the most comprehensive analysis to date of the environmental impact associated with an Italian HEI. The 

methodology developed in this project can be applied to other Italian HEI to gain a better understanding of their overall impact, 

as well as creating thresholds for actions and rules to reduce the emissions by the HEI sector. 

 
Keywords: Ecological footprint analysis, Sustainable higher education, Higher education policy, Sustainability assessment, 

Consumption-based organisational carbon footprint 

1.   Introduction  

The new Italian Energy Strategy, approved in March 2013, sets the target to reach and surpass the national climate and energy 

targets at reduced costs and higher security of supply with an emphasis on “green growth” elements due to its implications for 

jobs and economic improvement in the energy sector (Wevers, 2014). As a Party to the Convention and the Kyoto Protocol, 

Italy is committed to develop, publish and regularly update national emission inventories of greenhouse gases (GHGs) as well 

as formulate and implement programmes to reduce these emissions.  

In Italy, the total greenhouse gas emissions, in CO2 equivalent, excluding emissions and removals from land use, 

land use change and forestry, decreased by 16.1% between 1990 and 2013 (from 521 to 467 million CO2 equivalent tons) 

(Ivanova et al., 2017). The most important greenhouse gas, CO2, which accounted for 82.4% of total emissions in CO2 

equivalent in 2013, showed a decrease by 17.4% between 1990 and 2013. The 2020 target is -13% (compared to 2005), but 

according to the latest available projections, emissions will increase again after 2015 so that the change over 2005-20 would 

only reach -9 % and the target might be missed (Baldissara et al., 2014).  

Consumption-based policies may be effective to sustain local strategy for emissions reduction (Girod et al., 2014). 

Despite this potential, policy makers have generally failed to adopt consumption-based measures on the subnational level 

(Turner et al., 2007). This is at least partly due to the lack of harmonized and actionable impact information on that level of 
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local carbon footprint. To our knowledge, no national assessment of education sector carbon footprints has been made available 

for the Italian context, although university campuses have a significant role to play respect to local energy and socioeconomic 

impacts, going far beyond the university scale itself (Ferrer-Balas et al., 2009). Universities are increasingly conceived as hubs 

for neighbouring cities and regions, since their activities involve a range of very different users and facilities and can serve as 

test bed for new emission reduction strategies (Agdas et al., 2015; Chung and Rhee, 2014; Escobedo et al., 2014). Measuring 

the progress of campus greening permits an analysis that can facilitate improved environmental performance and can also 

unveil opportunities within the other dimensions of the university system: education, research and community outreach 

(Cortese, 2003; Sonetti et al., 2016).  

Performing an ecological footprint analysis fits within HEIs’ strategy to ‘practice what they preach’, resulting in 

reports on the ecological footprint (EF) of numerous HEIs worldwide. These reports show several reasons why universities 

use EF monitoring ecological performance, determining where the greatest impact is occurring, raising awareness among staff 

and students by involving them in the process of calculation (Gottlieb et al., 2012).  

In spite of this potential, measuring and reporting the progress of carbon reduction initiatives remains in its infancy 

within higher education (Lozano, 2010; Velazquez et al., 2006). This can be attributed to the view that sustainability reporting 

is an overly complex endeavour given that results should provide reliable information that enables environmental performance 

to both be compared with other institutions and tracked through time (Lozano et al., 2014; Ramos et al., 2015). Indeed, only 

few studies around the world have undertaken a comprehensive analysis of a university’s carbon footprint (Townsend and 

Barrett, 2015). 

This paper tries to fill this gap by calculating the ecological footprint (EF) of the University Campus of Politecnico 

di Torino (Polito) in Italy adopting the Ecological Footprint Method. As found in many works (Chambers et al., 2014; 

Lambrechts and Van Liedekerke, 2014) the EF was shown to be a robust basis for reporting, enabling consistency and 

comparability in results. The EF results were also presented to university procurement staff who saw them as beneficial for 

guiding sustainable procurement practices. Note that EFs are readily acknowledged as a means for measuring campus 

sustainability (Klein-Banai and Theis, 2013; Larsen et al., 2013), and thus its application here is fit for purpose. 

The structure of this paper is as follows; Section 2 provides context and outlines the rationale behind the paper. The 

methodological options available for carbon footprinting and their applicability for deriving the EF of a large organisation are 

studied and applied in Section 3 per each category. The issue of methodological inconsistency is revealed, and explicated in 

the data collection details for the EF application to the Polito case study. The respective results are then discussed with 

reference to the literature. Section 4 discusses these results in lights of further improvement both in the data source management 

and in the actions to mitigate the Polito ecological footprint, via campus operation and sustainable space planning. Being 

capable of both comparing and tracking environmental performance, EF is shown to be a valuable tool for sustainability 

reporting. It also provides a screening assessment which is hugely beneficial for inter-comparison of sustainability performance 

inside the educational sector, since it indicates the environmental impacts of different university campus operation. Concluding 

remarks are presented in Section 5. 

2.   Methods 

2.1. Ecological footprint: an overview  

Ecological footprint (EF) assessment has been used internationally in different types of administrations (private and public 

authorities, ONGs, HEIs) and at different scale level (individual level, organizations, cities, regions, countries). Universities 

also analysed their ecological footprints, in order to integrate sustainability into their core business, to submit a sustainability 

report, to use as didactic tool with students, to pave the road to new policies. In general, performing an ecological footprint 

analysis is a way for higher education to ‘practice what they preach’, to monitor sustainability performance and raise awareness 

among the university's community (Lambrechts and Van Liedekerke, 2014).  

Beyond the eco-efficiency, with a wider breath, the EF method was developed in the 1990s and it is now quite widespread in 

the world, despite the fact that it has received many critiques (Munier, 2011). The ecological footprint is indeed not a 
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comprehensive indicator of sustainability, since it does not take into account economic and social aspects, and other 

components, such as the mission and commitments made by the institutions, which today are fundamental. It refers exclusively 

to the environmental impact, but starting from it, it is possible to obtain a snapshot of the current situation, make forecasts for 

the future and encourage sustainability. Despite being a complex indicator to calculate, comprising a multiplicity of factors, it 

turns out to be easy to communicate and understandable to a wider university / city community, thanks to its simple and 

“tangible” measurement unit. 

It should be pointed out that EF does not take into account the efficiency of a single building, but it looks at a larger scale, 

which in our case means considering the various campus operations and resource use of the university system, from the energy 

consumption of buildings to the quantity of waste produced, allowing to relate the campus to the community and the 

surrounding territory (Mori and Christodoulou, 2012). 

The EF limits, like the underlying simplifications, the uncertainty in the different impact calculation methodologies, the 

difficultness to find the right boundaries of the system, are paid back by the big advantage of being able to provide a first 

figure of the environmental impact of the Politecnico and at the same time be a starting point for successive policies. 

Being capable of both comparing and tracking environmental performance, EF showed in many cases to be a valuable tool for 

sustainability reporting. It also provided a screening assessment which is hugely beneficial for inter-comparison of 

sustainability performance inside the educational sector, since it indicates the environmental impacts of different university 

campus operation (Larsen et al., 2013; Ozawa-Meida et al., 2013; Rees and Wackernagel, 1996). It created a network of 

exchanges and resources, materials, energy, people, uses and language in which equilibrium and imbalance are coexisting and 

alternating, yet producing a major awareness of the local opportunities and weaknesses (Gottlieb et al., 2012).  

2.2. Ecological footprinting within the case study 

The method used to calculate the EF of Politecnico di Torino (Polito) was the componential method, as developed by the 

Global Footprint Network, based on Rees and Wackernagel (1996). In this method, the land used to provide in our daily 

production and consumption needs is estimated. Six different types of land footprints are defined:  

•   cropland footprint,  

•   grazing land footprint,  

•   forest footprint,  

•   fishing grounds footprint,  

•   carbon footprint,  

•   built-up land footprint.  

Each of these categories has its own bio capacity, quantified and expressed in global hectares (gha), which is an average of 

the productivity of the earth’s land areas in one year. In a first step of the analysis, the components necessary to calculate the 

EF of Polito were selected:  

•   direct energy use (including use of heat, natural gas and electricity),  

•   water (tap water and rainwater),  

•   mobility (including commuting, travel by air and other mission),  

•   procurement (of paper, office equipment, courses for students),  

•   waste (recycled and non-recycled),  

•   food (consumption in campus restaurants and bar) and infrastructure (construction of buildings, furniture and ICT 

equipment).  

In a second step, the reference terms within this study were defined: the EF is calculated using data of the reference year 2016, 

at the level of the Corso Duca degli Abruzzi main Campus site and per capita (Polito’ students, n = 33000). In addition to the 

EF, also the carbon footprint (CF) has been calculated.  
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The first step was therefore to limit the boundaries of the system. The campus has precise physical boundaries, but University 

activities (e.g., transport) do not always take place within these boundaries, making it difficult to identify them. The aim of 

this step is to quantify the environmental impact of the campus by taking a snapshot of the current situation, in order to obtain 

a quantitative support for future decisions on campus, both in the sustainability field and in the strategic planning.  

To define which activities and processes to include in the calculation of the ecological footprint, we considered both 

the activities carried out mainly within the campus, as research and teaching, and all the related activities supporting them, as 

the administrative ones, how users the move, consume food, study, interact with other people. A second analysis looked at the 

flows of energy and materials that enter and exit the campus system boundary each day. The results section explain the 

methodology used for the data collection and interpretation for each area of analysis.  

This analysis is shown in Figure 1 in reference to the Corso Duca degli Abruzzi main site; it highlights how the 

principal flows, energy, water, food resources and other assets, are taken from the outside, are used and processed on campus 

and then finally return to the environment as waste and greenhouse gas emissions. 

	  

Figure 1.	  The types of land corresponding to the different EF categories	  

As already specified, the ecological footprint is the measure of the pressure exerted by human activities on the ecosystem, 

more precisely it is the measure of the biologically productive surface necessary to produce all the resources consumed by an 

individual or a community, and to absorb the waste generated by them in a specific period of time, conventionally one year.  

Figure 1 therefore represents the types of land corresponding to the different consumption categories. The calculation 

methodology used, not being codified, was based on the literature already illustrated in the previous subsection, on studies 

conducted on other Italian universities and cities and scientific reports. The calculation was carried out in the six categories 

listed above, and only in the final phase they were aggregated in the total area, expressed in global hectares (gha) of ecological 

footprint. The final figure was eventually divided by the number of students regularly enrolled. The choice of normalizing the 

result on students is related to the main function carried out by the university, namely the educational one; moreover, in this 

way the result obtained can represent the impact linked to the training of a student and thus be comparable with the results of 

other universities.  

3.   Results 

3.1. Energy 
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Consumption of electrical energy and thermal energy related to the requirements for heating, cooling, lighting and other 

electrical uses were considered. 

The ecological footprint related to energy consumption is composed of only the carbon uptake land, i.e., the forested area 

necessary to absorb the CO2 emissions associated with this consumption. By evaluating an organization's footprint, the area 

occupied by the production plant and the distribution network of energy vectors is not taken into consideration.  

Electricity at Politecnico is used for lighting, air conditioning, computers, and other activities related to teaching 

and research. Electricity consumption in 2016 was around 16 GWh. A large part of this consumption is concentrated during 

the period of occupancy (from 9am to 6pm); there remains, however, a practically constant load of 1 MW even at night and 

during holidays, due to emergency lights, servers and equipment necessarily turned on 24 hours a day (and other 

unnecessarily turned on equipment for which the Politecnico initiated screening activities).  

The electricity consumed by Politecnico may be considered 100% “green” because it is purchased through the "Garanzia di 

Origine" (GO) certificate, that in the Italian network qualifies the renewable energy installations source. Since the CO2 

emissions associated with the national electricity mix were not produced on site for the purposes of the calculation, 

emissions in the case of energy from renewable sources would be zero. However, we preferred not to consider the electricity 

we withdraw from the network as “carbon free”, because the GO, in a strongly connected network like the Italian one, has to 

be considered just a virtual merit. In this spirit, in order to reduce actual withdrawals from the electricity grid, a new 600 kW 

photovoltaic system was installed in spring 2017, which has produced in its first year about 750,000 kWh, or 4.3% of the 

total electricity consumption of Politecnico. The decision to install photovoltaics can be very advantageous because the 

hours of production of electricity and those of greater withdrawal are almost the same. The new plant, by itself, does not 

drastically reduce the withdrawal from the national network, but may have a significant educational value, helping to create 

a "greener" awareness among the campus users. This share of electricity production was not considered in the calculation, 

referred to 2016, when the new plant had not yet been installed. 

The thermal energy used to heat the premises is taken from the Turin district heating network for the headquarters 

and the Cittadella Politecnica, while the Lingotto, Mirafiori and Valentino offices are heated by natural gas boilers. These 

consumptions vary considerably during the year and in relation to the external weather conditions. 

The following emission factors were used to calculate the CO2 emissions associated with energy consumption: 

• Electricity from the national grid: 325 kg / MWh (source: ISPRA 2015) 

• Natural gas: 1.9 kg / Stm3 (source ISPRA 2015) 

• District heating Turin: 120 kg / MWh (source: IREN 2015) 

Subsequently, the forested area necessary to absorb CO2 emissions was calculated using the mean global forest absorption 

factor of 3.59 tCO2 / ha per year. In order to subsequently add the different surfaces, it is necessary to multiply the result in 

hectares by an equivalence factor of the forested land of 1.28 gha / ha, obtaining the result of about 2500 gha. 

Table 1. Polito consumption referred to 2016	  
Energy Vector  Consumption  CO2 emission factor  CO2 emission (tons) 

Electricity  16665 MWh 325 kg / MWh 5416 

Heat  12434 MWh 120 kg / MWh 1492 

Natural Gas  306000 m3 1.9 kg / St m3 581 

Total    7489 

 

3.2. Water 

To calculate the ecological footprint related to water consumption, CO2 emissions associated with treatment, transport and 

water distribution are taken into consideration. 

In fact, although fresh water is a natural resource used for the production of goods and services, it is not a material generated 

by a biologically productive area, nor a waste absorbed by it. The ecosystem does not generate fresh water in the same way 
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as it creates wood or food, therefore, the footprint of a certain amount of water cannot be calculated in terms of yield as it 

happens for the products of the forest or fields. The method therefore does not provide for the calculation of the footprint 

associated with the consumption of water. Instead, the footprint associated with the water distribution system is measured, 

and then to the ground for energy. 

Water consumption for 2016, monitored by the Living Lab, is over 250 000 m3 of water per year. These 

consumptions are linked to the needs for sanitary, cleaning and irrigation services. The cooling process of machines and for 

other research-related and educational activities requires ground water not included in the calculation. To find the amount of 

CO2 emitted by the water distribution process, the water volume, in m3, taken entirely from the city aqueduct, was multiplied 

by the conversion factor of 0.37 kg of CO2 per m3. Subsequently, this value is multiplied by the CO2 absorption factor of 

3.59 t / ha to obtain the hectares of forested area necessary for the reabsorption of the CO2 emitted. Also in this case the 

hectares of forested area are multiplied by the equivalence factor of the forested area. The result obtained is about 35 gha, 

representing only 0.5% of the total ecological footprint. In this regard we point out that the methodology used by Rees and 

Wackernagel takes into account only the impact linked to the emissions of drinking water treatments, while in this case we 

evaluate the amount of water consumed in relation to local availability, precipitation and collection systems used. 

 

3.3. Transport 

The ecological footprint linked to transport represents the forested area necessary to absorb the CO2 emissions linked to  

•   the home-university travel of teachers and students 

•   to the university missions  

Every day almost 30,000 people (students, professors and employees) move towards the offices and classrooms of the 

Politecnico (between 15,000 and 20,000 towards the headquarters, 2,000 towards the Valentino headquarters, 1,500 towards 

Mirafiori) using different means of transport. Most users live in the metropolitan city of Turin, but there is a good percentage 

that comes every day from other municipalities in the Piedmont region. 

Not having specific data about the homes of users of the Politecnico, nor on the routes and means of transport 

used, reference was made to a survey conducted by the office of mobility management in synergy with General Motors in 

autumn 2016 on home travel Politecnico. The survey was conducted as a questionnaire and received 1586 responses (1232 

of students, 206 of employees and 148 of grant holders and doctoral candidates). This sample was then reduced by us 

eliminating all those questionnaires in which the distance travelled could not be calculated, or was unreliable. The final 

sample analysed consists of 1202 students, 196 professors and 144 grant holders and doctoral candidates. Such a small 

sample (about 5% of the Politecnico population) does not give an exact picture of the home-university movements, but has 

allowed us to make some considerations about the order of magnitude of the environmental impacts linked to this aspect. 

Moreover, we did not take into consideration the internal transfers of students and teachers between the different university 

premises, due to the didactics carried out in the different buildings located in the city, and the travels that non-resident 

students, domiciled in Turin, make back home during the year. 

The questions we analysed for the calculation of the ecological footprint are the following: indicate the city in 

which you live (i); indicates the ZIP code of the city where you live (ii); How many kilometres do you travel to reach your 

workplace / study (one-way trip)? (iii); which or which means of transport do you use to reach your workplace / study? (iv); 

indicates the usual place of work / study (v). Subsequently we reorganized the database on the basis of the Politecnico's 

premises, thus identifying the ecological footprint for each of them. 

For both categories of users, the average km travelled daily was calculated based on the chosen means of transport. 

In this regard it is right to make a clarification: the means of transport used for the journey home-work is not the same 

throughout the year, the user's choice may vary depending on the time of year, weather conditions or other for this reason, 

within the questionnaire it was possible to make more than one choice. In our study we decided to analyse two extreme 

scenarios, one that includes the "greener" choices of the users and one that includes the "less ecological" choices of the 

same, in this way we have identified two extreme ecological footprints among which it is included a real situation of a 
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typical day. CO2 emissions have been calculated for each type of transport (Figure 2) by multiplying the number of users, 

the average of the kilometres travelled (round trip), the working days in a year (180 days for students, 200 for teachers) and 

the CO2 emission factor expressed in kg of CO2 per km travelled per passenger. 

 

 
Figure 2.	  The types of transport considered in the calculation	  

The emission factors adopted are as follows: 

• Bicycle / bike sharing / on foot: 0 kg CO2 / n ° persons per average km  

• Car: 0,13 kg CO2 / n ° people per average km  

• Motorbike / scooter: 0.09 kg CO2 / n ° persons per average km -  

• Public transport: 0.06 kg CO2 / n ° people per average km 

• Train: 0.06 kg CO2 / n ° people per average km  

The total kilometres covered for the year 2016 are 87,000,000, of which 80,000,000 by students and 7,000,000 by 

teachers. Subsequently, the absorption factor of 3.59 t / ha was used to calculate the forested surface necessary for the 

absorption of the emitted CO2. Also in this case the hectares of forested area were multiplied by the equivalence factor of the 

forested land. The result ranges between 2,000 gha (of which 1,700 due to students) for the eco-friendliest scenario, and over 

3,800 gha (3,400 gha due to students and 400 to teachers) in the least eco-friendly scenario.  

For the calculation of the ecological footprint due to the missions, the missions recorded in 2016 were taken into 

consideration for a total of more than 17,500 (2914 airplane, 4237 train, 2006 cars (national and international journeys. The 

database used, provided by the Politecnico administrative office, indicates the destination of each mission and the type of 

service for which a refund has been requested: air travel, fuel reimbursements, taxi refunds, urban reimbursements, train 

travel refunds, etc. Missions relating to air, train and car travel (based on fuel reimbursements) are considered in the 

calculation. To calculate the distances travelled the starting point was conventionally considered Turin; in case the 

destination of arrival was not specified, the capital of the country indicated as destination of the mission was considered. 

Results are shown in Figure 3. 

 
Figure 3.	  Total CO2 emission for the mobility category	  
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The calculation procedure for the hectares of forested land necessary to absorb the CO2 emitted from the travel of the 

missions is the same as for home-university movements using the following emission factors: 

• Air travel between 0 and 3999 km: 0.10 kg CO2 / n ° persons  

• Air travel greater than or equal to 4000 km: 0.12 kg CO2 / n ° persons  

• Car: 0,13 kg CO2 / n ° persons per average 

• Train: 0.06 kg CO2 / n ° persons per average  

The result is about 650 gha of which more than 550 are associated with missions that require airplane transportation. The 

total ecological footprint linked to transport (in the case of less environmentally-friendly choices) is about 4,500 gha, of 

which 3,400 due to the home-university movements of the students, 450 for those of the teachers and 650 for the missions. 

 

3.4. Soil consumption 

It represents the surface occupied by buildings and other impermeable surfaces, such as roads and parking lots. Data were 

collected thanks to the Archibus platform of the Politecnico, a database that provides information on the Politecnico's surfaces 

and the functions contained within it, and, in some cases, verified with direct measurements on technical drawings. The area, 

expressed in hectares, of built land was subsequently transformed into global hectares with the corresponding equivalence 

factor of 2.56 gha / ha. The result is about 45 gha, most relating to the main office, with a greater extension (35 gha). 

3.5. Waste 

The ecological footprint linked to waste produced by the Politecnico University of Turin includes the wooded area necessary 

to absorb the CO2 emissions produced by combustion, degradation and disposal of waste generated by the various activities 

of the Politecnico. No monitoring has ever been conducted aimed at quantifying the amount of waste produced by the 

university and the percentage of recovered material; for this reason, the results derive from a simplified estimate and a small 

sample in Mirafiori premise. As for the main seat of Corso Duca degli Abruzzi, we have carried out an inspection of the 

collection points to check the number of bins, while the data on their capacity and collection frequency have been provided by 

the logistics manager; for Mirafiori, a monitoring was carried out in the second week of October in collaboration with the 

cleaning staff and the 110 l garbage bags were collected in various sites (Labs, corridors, offices, etc.) during a school week; 

no investigation was possible for the Valentino Castle and via Boggio. The only monitored data are therefore only those 

collected in a week at Mirafiori expressed in bags and an estimate of waste produced by the headquarters, referring to the five 

waste separation areas of Corso Duca degli Abruzzi. These data are certainly not sufficient to return a realistic image of the 

waste produced within a year, but they have allowed us to make preliminary considerations on the weight that this aspect can 

have within the ecological footprint. In both cases the volumes of waste produced were converted into kg, using the specific 

weights as in Table 2. 

Table 2. Volumes of waste produced converted into kg FARE TABELLA COME PER ENERGIA  

Type of waste  Volumes  Conversion 
Factor 

CO2 production 
factor 
(kgCO2/ton) 

CO2 emission GHA tot 

Paper: 200 kg / 
m3 

Paper: 200 kg / 
m3	  

Paper: 200 kg / 
m3	  

Paper: 200 kg / 
m3	  

Paper: 200 kg / 
m3 

Paper: 200 kg / 
m3 

Plastic: 20 kg / 
m3 

Plastic: 20 kg / 
m3	  

Plastic: 20 kg / 
m3	  

Plastic: 20 kg / 
m3	  

Plastic: 20 kg / 
m3 

Plastic: 20 kg / 
m3 

Glass and cans: 
120 kg / m3 

(considering a 
composition of 
85% glass and 

15% cans) 

Glass and cans: 
120 kg / m3 
(considering a 
composition of 
85% glass and 
15% cans)	  

Glass and cans: 
120 kg / m3 
(considering a 
composition of 
85% glass and 
15% cans)	  

Glass and cans: 
120 kg / m3 
(considering a 
composition of 
85% glass and 
15% cans)	  

Glass and cans: 
120 kg / m3 
(considering a 
composition of 
85% glass and 
15% cans) 

Glass and cans: 
120 kg / m3 
(considering a 
composition of 
85% glass and 
15% cans) 
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Undifferentiated: 
75 kg / m3 

Undifferentiated
: 75 kg / m3	  

Undifferentiated
: 75 kg / m3	  

Undifferentiated
: 75 kg / m3	  

Undifferentiated
: 75 kg / m3 

Undifferentiated
: 75 kg / m3 

Organic: 150 kg 
/ m3 

Organic: 150 kg 
/ m3	  

Organic: 150 kg 
/ m3	  

Organic: 150 kg 
/ m3	  

Organic: 150 kg 
/ m3 

Organic: 150 kg 
/ m3 

To calculate the emissions of greenhouse gases linked to the waste recycling process, reference was made to a study on the 

impact of waste treatment processes divided by material (Kirkeby et al., 2006). These factors, expressed in kg of CO2eq emitted 

per ton of waste are in Error! Reference source not found..  

Table 3. Emissions of greenhouse gases linked to the waste management process. 

Paper: 559 kg CO2 / t 

Plastic: 338 kg CO2 / t 

Glass: 468 kg CO2 / t 

Wet: 200 kg CO2 / t 

Undifferentiated: 1.910 kg CO2 / t 

To this regard it is necessary to clarify that the emissions related to recycling processes are taken as gross values. The forested 

area necessary for the absorption of these emissions is calculated using the average carbon dioxide absorption factor of 3.59 t 

CO2 / ha. The hectares of forested land are multiplied by the 1,28 gha / ha energy equivalence factor. The final result obtained 

is therefore related only to the Mirafiori and Corso Duca offices, excluding those of the Cittadella Politecnica and the Castello 

del Valentino. It was decided not to extend the results obtained to the two missing sites due to the lack of fact of the separate 

collection (with the exclusion of paper) and the lack of any data in this regard. The Politecnico is in any case committed to 

extending separate waste collection to the other two sites, installing new waste separation areas for the collection and 

differentiation of rubbish. The ecological footprint of waste is about 230 gha, of which more than 200 gha related to the 

headquarters, which has got the highest weight given the number of users. 

3.6. Food 

The production of food is closely linked to the consumption of land, so it weighs on three different types of soil: the land for 

energy (the forested area necessary for the absorption of CO2 emissions related to the energy consumption for processing of 

raw materials); agricultural land and pasture (specific for food of animal origin, as shown in Table 4).  

Table 4. Embodied energy considered for the various type of assessed food. 

Bread: 30 MJ / kg Vegetables: 14.57 MJ / 
kg 

Eggs: 1.02 MJ / kg Processed meats: 31.28 
MJ / kg 

Pasta / rice: 13 MJ / kg Legumes: 20 MJ / kg Poultry: 40 MJ / kg Fish: 57.52 MJ / kg 

Brioches / cakes: 30 MJ / kg Cheese: 33.34 MJ / kg Bovine: 49.18 MJ / kg Bottled drinks: 15 MJ / 
kg 

Fruit: 6.97 MJ / kg Milk / yogurt: 7 MJ / kg Pig: 31 MJ / kg Coffee: 14.3 MJ / kg 

Wine / beer: 15 MJ / kg Sugar: 15 MJ / kg Oil: 15 MJ / kg  

 

The services related to catering are present in almost all the Politecnico offices, the central office has a canteen employee, a 

canteen for students (managed by EDISU), two coffee shops in Corso Duca degli Abruzzi and two in Cittadella Politecnica 

(including Mixto); each of the premises of Castello del Valentino and Mirafiori have a coffee-shop, while there are no food 

and drink services in Lingotto. In order to obtain the quantity of food consumed by the various services, we conducted some 

interviews with the staff, including in our calculation the consumption of the two central office canteens serving daily over 

1,000 meals each, the coffee shops of Mirafiori and the Castello del Valentino. The calculation of the different surfaces was 
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developed taking as a model the calculation made for family consumption for the municipality of Cuneo. The CO2 emissions 

related to the production of a given food are quantified by multiplying the consumption (in kg) of a given food for the 

associated embodied energy, i.e. the energy incorporated in the food, necessary for the entire life cycle of the asset for it to be 

produced, transported and used, and for the CO2 emission factor (61 g CO2 / MJ) associated with the use of primary energy 

worldwide, relating to the year 2000. The hectares of forested land are subsequently multiplied by the equivalence factor of 

the forested area of 1.28 gha / ha. The agricultural land has been quantified by dividing the annual consumption, expressed in 

kg, of a given food for the average productivity of the agricultural land cultivated to it, expressed in kg / ha. The average 

productivity associated with cultivation derives from an Istat survey concerning Italy in 2011 (Sardone, 2012). The hectares 

of agricultural land are multiplied by the equivalence factor of agricultural land of 2.52 gha / ha. In some cases, in which it 

was not possible to trace the primary product, the footprint intensity is used, that is the global productive hectares necessary 

to obtain 1kg of a given good. This approach was used for some animal derivatives (milk, cheese, eggs). The pasture land has 

been obtained by multiplying the consumption of a product for the footprint intensity expressed in gha / kg. The obtained area 

was then multiplied by the equivalence factor of the grazing land of 0.43 gha / ha (Table 5). The overall result obtained is 

about 350 gha of which 160 gha are related to the ground for energy, 160 gha to agricultural land and 30 gha to pasture land.  

Emissions related to food transport were not considered in this calculation as there was insufficient information on the suppliers 

of the different food categories. However, we report a brief reflection on how this aspect can affect the ecological footprint. 

Using the ECOtransit software (https://www.ecotransit.org/), the CO2 emissions produced by the transport of vegetables 

consumed annually by the Edisu canteen of Corso Castelfidardo (i e, 83 t in 2016) with respect to its origin have been estimated. 

Three possible origins were considered:  

•   Piedmont, with a distance of 30 km, 0.2 tonnes of CO2 

•   Italy, with a distance of 400 km, 2.4 tonnes of CO2  

•   Europe, with a distance of 1300 km, 8.8 tonnes of CO2. 

3.7. The total Polito Ecological Footprint 

The final result was obtained as the sum of the ecological footprints related to the different consumption categories (Figure 4 

and Table 6 in the appendix). Given the uncertainty of the data on mobility and the consequent decision to analyse two extreme 

scenarios, a "more eco-friendly" and a "less eco-friendly", also for the final results two extreme ecological footprints have 

been identified, including an intermediate situation probably closer to reality. The option to consider only the missions was 

also calculated, a value that would remain the same for both previous situations. When the "missions only" option is applied, 

the weights of the consumption categories on the final result are distributed as follows: energy has the highest weight, 

accounting for 65.5% of the total, water for the 1%, missions for the 17%, the surface built for the 1%, waste for the 6% and 

food for the 9.5%. In the other scenarios, the different categories have always the same weighting factors. Only the transport 

category has a greater influence, accounting for the 40% of student commuting and professors’ transportation (in the two 

scenarios, it accounts respectively for the 26% and 4% for the less and the eco-friendlier scenario); energy contribution is 

35.5% in the less eco-friendly scenario, and 45.5% in the eco-friendlier one. University missions count for the 9.5% in the first 

case and the 12% in the second one; the food accounts respectively for the 5% and the 6.5%; waste for the 3.5% and the 4%; 

the built surface for the 1% in both cases; water counts for the 0.5% in the eco-friendlier case and for the 1% in the less eco-

friendly one. 
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Figure 4.	  Pie chart of the ecological footprints related to the different consumption categories at Politoin the most eco-
friednly scenario.	  

Given the uncertainty or incompleteness of some data, as for waste and food, the results serve rather to give an order of 

magnitude, which serves as a basis for making arguments and building policies. Indeed, the transport area is quite large 

compared to the total impact, but it is congruent with the average distance travelled each day by students and teachers found 

by a previous survey of the mobility office; this demonstrates the need to launch more precise and effective mobility strategies 

at the metropolitan and regional level. As it could be expected considering the fact that it hosts most of the students and its 

total volume is much higher compared to other locations, the central site (Corso Duca degli Abruzzi and Cittadella) weighs 

for more than 80% of the overall outcome. 

From the calculations performed it can be estimated that the Politecnico University of Turin needs a surface of about 6 200 

gha for its livelihood (considered an average between the eco-friendliest and less eco-friendly scenarios) (of 3800 gha if 

considered only the missions). If compared to the actual area occupied by the university, about 20 hectares, the Politecnico 

needs an area 310 times larger than its area, which corresponds to about 48% of the city of Turin. This value, normalized to 

the number of students, gives a figure of 0.19 hectares per student. This value seems to be in line with other European 

universities, in particular that of Valencia (already analysed in the literature review) and the Oxford Brookes University whose 

ratio is 0.22 hectares per student. The total emissions issued by the Politecnico in 2016 are about 14,500 t CO2 (considered an 

average between the eco-friendlier and and less eco-friendly scenarios and 9,800 t CO2 in the case in which the home-university 

movements are not considered). Indicatively, if considered that a tall tree located in the city can absorb between 10 and 20 kg 

CO2 / year, about 720,000 trees would be needed to absorb all emissions. 

4.   Discussion 

As already noted above, the results can only provide an indicative estimate, a first image of the university's impact. As in other 

cases, the enlargement of the scale loses quality in the accuracy of the final result, but serves to provide an overall view of the 

phenomenon. Moreover, in line with the ecological footprint methodology, some already known critical issues emerge, such 

as the instability of the model, the use of multiple sources, the difficulty of establishing precise boundaries and of finding some 

data, in addition to the lack of reliability of some of these. On the other hand, the system offers the possibility of comparison 

with other similar universities and the aggregation of consumption to understand how the daily activities of a campus like the 

Politecnico can be impacting in environmental terms. This therefore remains a first exploratory attempt with a strong 

communicative impact. For a specific calculation of the environmental impact, more accurate surveys would be necessary.  

In this regard, for a possible refinement of calculations, some areas of intervention to be explored are hereby pointed out. First 

of all, given the consistent role played in the final ecological footprint, it would be essential to have a better knowledge of the 
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mobility sector, knowing more about the homes of campus users and the means used. Lastly, it would be important to make a 

more structured monitoring of the amount of waste produced annually by the campus, in order to compare the trend with other 

years, increase user awareness on waste management and recycling. Energy occupies an important place in the university's 

consumption, which is why it is important to encourage both the improvement of buildings efficiency and on-site energy 

production. To this regard, estimates have already been made that identify an installable capacity of almost one MWp of 

photovoltaic panels, which adds up to the already existing 630 kWp. This would increase to about the percentage of self-

produced electricity from renewables would increase to about 12%. 

In view of the results obtained, we therefore questioned what strategies could be adopted in order to reduce the ecological 

impact of Politecnico. As already highlighted above, the ecological footprint method does not directly identify the actions to 

be undertaken, but it is also an important starting point to define some guidelines for possible operations also on the territory. 

In developing a program to reduce the environmental impact, for each category of consumption - water, energy, food, transport, 

waste, land use, the energy manager may be able to dialogue and operate in coordination with all the strategic team in charge 

of the overall sustainability performance of a University.  

Also, even the best efforts will not succeed without a strong link to the surrounding territory. The role of University in the 

future will be more and more to shape our identity as individuals and become actors and maker of a more just, environmentally 

friendly and human centred society.  

5.   Conclusions 

This paper presents a consumption-based ecological footprint (EF) study for an Italian university. Within the great debate on 

the climate crisis of the 21st century, the choice for a case study fell on the university campus because of its impact on the 

territory, its vocation to research, the presence of a large number of users and because of its strong link with the urban context 

and its leadership role towards a post-carbon society.  

The first step was to look for a methodology of support for a large-scale investigation. The choice fell on the ecological 

footprint. This method has some limits, like the underlying simplifications, the uncertainty in the different impact calculation 

methodologies, the difficultness to find the right boundaries of the system, but it certainly has the advantage of being able to 

provide a first figure of the environmental impact of the Politecnico and at the same time be a starting point for successive 

policies. 

From the calculations performed it can be estimated that the Politecnico University of Turin needs a surface of about 6 200 

gha for its livelihood (considered an average between the eco-friendliest and less eco-friendly scenarios) (of 3800 gha if 

considered only the missions). If compared to the actual area occupied by the university, about 20 hectares, the Politecnico 

needs an area 310 times larger than its area, which corresponds to about 48% of the city of Turin. This value, normalized to 

the number of students, gives a figure of 0.19 hectares per student. This value seems to be in line with other European 

universities, in particular that of Valencia (already analysed in the literature review) and the Oxford Brookes University whose 

ratio is 0.22 hectares per student. The total emissions issued by the Politecnico in 2016 are about 14,500 t CO2 (considered an 

average between the eco-friendlier and and less eco-friendly scenarios and 9,800 t CO2 in the case in which the home-university 

movements are not considered). Indicatively, if considered that a tall tree located in the city can absorb between 10 and 20 kg 

CO2 / year, about 720,000 trees would be needed to absorb all emissions. 

Being capable of both comparing and tracking environmental performance, EF is shown to be a valuable tool for sustainability 

reporting. It also provided a screening assessment which is hugely beneficial for inter-comparison of sustainability 

performance inside the educational sector, since it indicates the environmental impacts of different university campus 

operation. It created a network of exchanges and resources, materials, energy, people, uses and language in which equilibrium 

and imbalance are coexisting and alternating, yet producing a mayor awareness of the local opportunities and weaknesses.  

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

635



Therefore, this study is to be indented as an interpretation of the current situation. There is no single solution to the problems, 

but asking questions is fundamental to give more quality to research about sustainability management in university campuses 

and to start research reflections, too, on it. The ecological footprint assessment has been at the same time a tool for structuring 

the interventions, and to make the impact of the environmental problems visible also at an urban level. This work represents a 

valid exploratory contribution to a new university Masterplan, filtered also by the perception of students who have studied and 

experienced the Politecnico University of Turin for years and that are co-authoring this article.  
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Appendix 

Table 5. Footprint intensity for agricultural land for the various type of assessed food. 

Cereal land: 5688 kg / ha Cheese: 23.2 m2 / kg 

Fruit: 15183 kg / ha Milk and yogurt: 2.3 m2 / 
kg 

Vegetable in full air: 19577 kg / 
ha 

Eggs: 20.8 m2 / kg 

Olive tree: 2985 kg / ha Coffee: 40.1 m2 / kg 

Screw: 9635 kg / ha  

 

Table 6. The sum of the ecological footprints related to the different consumption categories at Polito. 

COMPONENT Ecological Footprint 
[gha] 

% of Total EF Carbon Footprint 
[tCO2] 

% of Total CF 

ENERGY 2495 40,1% 6997 40,4% 

Electricity 1810 29,1% 5077 29,3% 

Heating 685 11,0% 1920 11,1% 

WATER 33 0,5% 93 0,5% 

MOBILITY 3071 49,3% 9144 52,7% 

Commuting 
students 

2120 34,0% 5946 34,3% 

Commuting staff 294 4,7% 1354 7,8% 

Work trips 657 10,6% 1844 10,6% 

USE OF LAND 44 0,7%     

Impermeable 
surfaces 

44 0,7%     
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WASTE 94 3,7% 639 3,7% 

Recycled waste 47 0,8% 131 0,8% 

Unsorted waste 181 2,9% 508 2,9% 

FOOD 356 5,7% 462 2,7% 

Canteen 286 4,6% 382 2,2% 

Bar 70 1,1% 80 0,5% 

Total for all 
components 

6227 100,0% 17335 100,0% 

EF/CF per person 
(students) 

0,19  0,53  

 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

638



Quality assessment and producers’ needs analysis for the 

sustainable development of date palm cultivation in Jericho 

 

 

Patrizia Pinelli1,2, Leonardo Borsacchi2 

1 University of Florence - Department of Statistics, Computer Science, Applications (DiSIA), patrizia.pinelli@unifi.it  
2 ARCO (Action Research for CO-development) - PIN Scrl, University of Florence, leonardo.borsacchi@pin.unifi.it 

 

 

 

Abstract 

Date palms cultivation in the Palestinian territories exists in the regions of Jericho and the Jordan Valley, in the West Bank 

and in the Gaza Strip. Around 400 date producers operate in the area of Jericho and Jiftlek. Actually, despite the potential high 

quality of Palestinian dates of the cultivar Medjool, the export to Europe still encounters many difficulties. This research took 

place within the project “Sostegno alla riorganizzazione produttiva, manageriale e commerciale delle cooperative di datteri 

palestinesi ed egiziani” (AID 10601), implemented by Jean Paul II Foundation and funded by the Italian Agency for 

Development Cooperation.  

The main objective of the project is to enhance the quality and the sustainability of the management and strategic organisation 

of the rural enterprises beneficiary correlated to the productions of dates in West Bank. Within a perspective of improving of 

the technical and productive competencies and procedures of date producers, this study has been focused in particular on the 

following specific objectives: (1) to understand more about the existing procedures (in particular harvest and selection steps) 

of a sample of selected farmer part of the cooperative, with the aim to collect relevant information and evaluate the possibilities 

to share existing best practices among all the members; (2) to explore the main issues that affect the quality of dates production 

and their linkages with internal and international markets, assessing potential areas of interventions; (3) to conduct analytical 

evaluation of the content of polyphenolic molecules and the antioxidant properties of two samples of dates collected during 

the in-field mission, also in comparison of a commercial sample of Medjoul date taken from the GDO in Italy. 

This paper presents the results of an in-field research mission conducted in Jericho and Jiftlek in September 2017. In order to 

achieve the above-mentioned objectives, this study has adopted a robust methodology based on the active involvement of the 

project stakeholders. In particular, the following activities were conducted: desk-based analysis of reports; on field conduction 

of semi-structured interviews with a sample of date producers, along with on-site sustainability audit of their fields and farms 

during the activities of harvest and sorting, as well as with local stakeholders; conduction of analysis to understand if the 

content in polyphenolic molecules and antioxidant properties of the considered dates is also influenced by actual production 

procedures. Regarding the production of dates in Jericho, we should remark that some issues on quality are mainly due to the 

lack of adoption of standardized methods. Thus, Palestinian dates, with a step-by-step implementation of standardized 

procedure, could really improve the quality and faced in front of potential European markets and opportunities. Finally, the 

definition of new quality procedures for members of the local cooperative PFCA (Palm Farmers Cooperative Association) will 

foster more sustainable behaviour and improve commitment among them. In particular, the aim is to obtain a more sustainable 

chain, i.e. guaranteeing fair access to fundamental rights and conditions of well-being, within the workers and within the 

community, providing opportunities to create and develop internal and external relations involving the community, and 

recognizing the cultural value of this food commodity. Furthermore, because the therapeutic implications of date palm fruits 

and their pharmacological properties, mainly anti-oxidants and anti-inflammatory, we take into consideration the results about 

the polyphenolic characterization and the biological properties assessed by in vitro tests, to outline additional considerations. 

Keywords: Sustainable food commodities, Medjool dates, Agrifood chain, Quality management, Antioxidant compounds.  
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1. Introduction  

The date palm (Phoenix dactylifera L., Arecaceae), one of the oldest plants cultivated by mankind, is broadly distributed in 

many regions of the world, including Asia, Africa, Arabian countries, and the Middle East. Date palms cultivation is typical 

of the Palestinian territories especially in the area of Jericho and the Jordan Valley. The Mediterranean climate, dominant in 

the area, provides optimal conditions for growth and development of date palm. At present, 2000 or more different cultivars 

of date palm are known to exist around the world and the date fruit production and consumption are continuously increasing. 

The worldwide production of P. dactylifera fruits is about 7.5 million tons (FAOSTAT, 2016). It is estimated that 5000 tons 

were produced in Palestine in 2015. Recently, there has been a significant increase in the total harvested area of dates in 

Palestine, to reach about 725 ha in 2012 (Abu-Reidah I.M. et al., 2017). Several constraints face nowadays date cultivation 

and development, including high investment costs, lack of market linkages, competition with producers of other countries, 

limited access to water. There are hundreds of named varieties of P. dactylifera date palms, and one of the most famous is the 

large soft Medjool date palm. Medjool dates are often called the “king of dates”, due to their global availability, and are also 

the “soft” variety of dates, compared to semi-dry and dry varieties. Because it is grown in areas below sea level, there is an 

increase in the proportion of oxygen available to the palm which aids respiration and that in turn adds flavour and a distinctive 

colour. The area of Jericho possesses a comparative advantage for growing Medjools. The climate in the region of Jericho, 

where temperatures range from 12 °C in March up to 50 °C between July and October, is considered ideal for Medjool date 

production, which requires hot and dry weather. Besides its ability to grow in various climatic conditions, the date palm is a 

multi-functional tree, with abundant nutritional and therapeutic attributes. Dietary antioxidants, including phenolic 

compounds, in dates are reported to protect the body from various degenerative disorders by minimizing oxidative stress (Nasir 

et al., 2015). Further, they help to activate both enzymatic and non-enzymatic antioxidant systems (Borochov-Neori, et al., 

2015). Moreover, date extracts possess antioxidant and free radical scavenging capacities and exhibit potent anti-oxidative 

properties, both in vitro and in vivo (Yasin et al., 2015).  

 

This study took place within the two-year long project “Sostegno alla riorganizzazione produttiva, manageriale e commerciale 

delle cooperative di datteri palestinesi ed egiziani” (AID 10601), implemented by Jean Paul II Foundation and funded by the 

Italian Agency for Development Cooperation. The main objective of the project is to enhance the overall quality and 

sustainability of the managerial and strategic organisation of a target group of dates producers in West Bank, part of the Palm 

Farmers Cooperative Association (PFCA).  

This paper presents the results of an in-field research mission conducted in Jericho and Jiftlek in September 2017 by ARCO, 

a university action-research centre founded in 2008 at PIN S.c.r.l. (Polo Universitario “Città di Prato”) – University of 

Florence. ARCO integrates the expertise and skills of economists, statisticians, political scientists, sociologists, commodity 

scientists, and technical professionals. It is organized into five strategic research units: local development, social economy, 

M&E and impact evaluation, inclusive development, sustainable food commodities.  

Within a perspective of improvement of the technical and productive competencies and procedures of the farmers of PFCA, 

this study has focused in particular on the following specific objectives: i) to understand more about the existing procedures 

(in particular harvest and selection steps) of a sample of selected farmers part of the cooperative, with the aim to collect 

relevant information and evaluate the possibilities to share existing best practices among all members; ii) to explore the main 

issues that affect the quality of dates production and their linkages with internal and international markets, assessing potential 

areas of interventions; iii) to understand if the content in polyphenolic molecules and antioxidant properties of the investigated 

fruits is also influenced by actual production procedures. This paper outlines the first findings that will been implemented in 

the future with further investigations and analyses.  
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2. Methods 

 

2.1 On field assessment  

In order to achieve the above-mentioned objective, this study has adopted a robust methodology based on the active 

involvement of the project stakeholders. In particular, the following activities were conducted before and during the field 

mission: a) Desk-based analysis of internal reports (e.g. field mission reports, farmers’ profiles) prepared by CNR, Slow Food 

and Jean Paul II Foundation, as well as publications of studies conducted by national and international research centres. b) On 

field conduction of semi-structured interviews with a sample of 5 farmers, members of PFCA, along with on-site sustainability 

audit of their fields and farms during the activities of harvest and sorting. c) Conduction of semi-structured interviews with 

representatives of Jericho Chamber of Commerce, Industry and Agriculture.  

 

2.2 Extraction of date fruits 

Two samples of date fruits have been collected during the field mission. The fruit pulps were manually separated from the 

seeds and immersed in liquid nitrogen for about 20 minutes, and then ground into a fine powder in a mill (Model M20, IKA® 

- WERKE). The samples were analysed in triplicate. For each sample, an amount of 16-20 grams of the powder was extracted 

with a volume of 100 mL of a hydro-alcoholic solution consisting of EtOH (ethanol) 70% and acidic water 30% at pH 3.2 for 

formic acid (HCOOH). The extraction was carried out for a whole day, including the night. Subsequently, the extract was 

centrifuged at 5000 rpm for 5 minutes in a centrifuge with temperature control (18°C) to separate the hydroalcoholic 

supernatant from the solid residue. 

 

2.3 HPLC/DAD qualitative analysis  

The characterization and the quali-quantitative evaluation of polyphenol compounds present in two samples of dates collected 

during the in-field mission, via through standardised methodologies, such as HPLC / DAD (High Performance Liquid 

Chromatography with Diode Array Detector) analysis, was carried out. The HPLC / DAD analyses were performed with an 

HP 1100L instrument equipped with an HP DAD (Agilent Technologies, Palo Alto, CA). In particular, the analytical column 

used was Luna C18 250×4.60 mm, 5μm (Phenomenex). The eluents used were H2O at pH 3.2 for HCOOH (solvent A) and 

acetonitrile (CH3CN, solvent B) for 43-min time of analysis. The flow rate is 0.8 mL / min and the oven temperature was kept 

27 ± 0.5 ° C. A sample volume of 25 μL was injected into HPLC. The UV-Vis spectra were recorded in a range of 190-600 

nm and the chromatograms acquired at 280, 315, 330 and 350 nm. 

 

2.4 HPLC/DAD quantitative analysis 

In order to calibrate the individual polyphenolic compounds, specific calibration curves (R2≥0.998.) of 5-level of concentration 

were built using standard substances (98-99% of purity). In case of lack of the specific molecule, the calibration was carried 

out with compounds having similar chromophore, measuring the absorbance at the maximum UV absorption. In details, the 

amount of ferulic acid was calculated at 330 nm, using pure ferulic acid as a reference; caffeic acid derivatives were evaluated 

at 330 nm, using chlorogenic acid (5-O-caffeoylquinic acid) as standard; gallic acid and the other compounds (tannins) with 

similar chromophore were evaluated at 280 nm, using a standard solution of gallic acid; finally, the flavonoids were calibrated 

at 350 nm using a standard of luteolin-7-O-glucoside. 

 

2.5 Folin-Ciocalteau assay 

Total polyphenols were determined as follows: the hydro-alcoholic date extract (125 μL) was mixed with 500 μL of water and 

125 μL of Folin-Ciocalteau reagent and allowed to stand for 6 min; 1250 μL of a solution of sodium carbonate (7%) was added 

to the mixture. After 85 min, the absorbance of centrifuged samples was measured at 725 nm against water as a blank, by 

using a DAD 8453 spectrophotometer (Agilent Technologies). The amount of total phenolics is expressed as Gallic Acid 
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Equivalents (GAE, mg gallic acid / g of sample, on Dry Weight basis), through the calibration curve of gallic acid. The 

calibration curve range was 20 - 500 μg/mL (R2 0.9976). 

 

2.6 Diphenyl-picryl-hydrazyl radical (DPPH) test  

The antiradical capacity of the extracts was estimated according to a previously reported procedure (Heimler et al., 2005), with 

slight modifications. More specifically, the extracts are opportunely diluted and an amount equal to 1:1 added to an ethanol 

solution of DPPH (0.025 mg/mL). Measurements were carried out at 517 nm with a DAD 8453 spectrophotometer (Agilent 

Technologies) at time 0, after 15 sec, 30 sec, 45 sec, 1 min, 2 min and then every 2 min for the following 20 min. The antiradical 

activity (AR%) was calculated through the following relationship: 

[AR% = 100 (A0−A20)/A0] 

where A0 and A20 were the absorbance of DPPH, at time 0 and 20 min., respectively, after adding the diluted extract. The 

EC50 of the extracts was determined through the use of five-point linearized curves [AR%-ln (concentration in polyphenols)], 

built determining AR% for five different dilutions of each extract and then by calculating the molar concentration in 

polyphenols of the solution that inhibits the DPPH activity to 50%. 

This range of different methods has allowed diversifying the sources of information, digging deeper in all relevant topics and 

cross-checking findings and results, in order to obtain a comprehensive and consistent picture of the main issues.  

 

 

3. Results and Discussion 

PFCA, formed by 117 members, was funded in 1996, counting a total of around 400 date producers operating in the area of 

Jericho and Jiftlek. The cooperative aims to collect and to invest the fees of the members in order to build facilities for common 

use. Main cultivation of the cooperative’s members is palm tree, although some of them tried in the past to cultivate other 

crops in addition to palms, but the salted water was not particularly suitable for other uses. Actually, the cooperative does not 

own any equipment, construction or property land. No activities of stocking, processing and treatment are directly managed 

by PFCA and single associates manage the post-harvest steps at their own. Overall, PFCA, does not offer at present any 

assistance in the field operations and in the post-harvest phases. 

At farming level, post-harvest procedures consist in a preliminary sorting of date fruits.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Medjoul dates sorted by grade 

 

      1 (A)                   2 (B)                   3 (C) 
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The selection carries out taking into consideration the residual air inside the skin:  

i) If residual air is less than 10%, date is given grade 1 (A), without problems to place it on the market, also if it is smaller than 

usual Medjool date. For grade A shelf life reaches about 2 years.  

ii) With 10-25% residual air, the date obtains grade 2 (B). 

iii) In dates with more than 25% air inside the given grade is 3 (C). Dates C are not easy to place in the market. Some possible 

markets could be in Far East but they are not easy to reach in order to establish trades.  

See figure 1 for samples of grade A, B and C dates.  

Table 1 outlines the main results of current situation of visited PFCA’s planters, emerged by the on field assessment: 

Table 1. Comparison among members based on authors' on field assessment. 

 

As previously reported, fruits and vegetables are an important source of dietary antioxidants and several epidemiological 

studies show that their regular intake in the diet may decrease the risk of several chronic diseases. Date fruits are among the 

most nourishing natural food available to humankind and are knew to have numerous health benefits. Rich in several vitamins 

and minerals, the date fruit is a good source of high nutritional value food. In particular, the soft dates have higher moisture 

content, a mild flavor, relatively low sugar and a fair amount of antioxidants, as the phenolic compounds (hydroxycinnamic 

acids, tannins and flavonoids). Antioxidant phytochemicals present in foodstuffs are the main responsible for such health 

benefits.  

Samples of date fruits have been analyzed for the quali-quantitative assessment of the antioxidant molecules by applying 

extraction and fractionation methods, followed by an instrumental analysis with chromatographic technique, as HPLC/DAD 

 

 
Planter #1   Planter #2 Planter #3 Planter #4 Planter #5 

E
nv

ir
on

m
en

ta
l 

is
su

es
 

Main 
environmental 
strengths  

Willing to 
introduce eco-

friendly 
fertilisation  

// Try to be like 
organic 

Clean and 
organized 

// 

Main 
environmental 
weaknesses  

No full technical 
awareness about 

fertilisation 

Lack of 
waste 

disposal 

Lack of waste 
(e.g. leaves and 

bushes) 
disposal 

// Lack of waste 
disposal 

So
ci

al
 is

su
es

 

Main social 
strengths  

Good 
organisation of 

work time-shifts 

Air 
conditioners 

in the 
workspace 

Family 
involvement  

Air 
conditioners in 
the workspace 

//  

Main social 
weaknesses  

Absence of  
personal  
protective 
equipment 

Absence of  
personal  
protective 
equipment 

Absence of  
personal  
protective 
equipment 

// Absence of  
personal  
protective 
equipment 

E
co

no
m

ic
 

is
su

es
 

Main economic 
strengths  

Stable financial 
status 

Stable 
financial 

status 

Stable financial 
status 

Stable financial 
status 

Stable financial 
status 

Main economic 
weaknesses  
 
 

// // // // // 

M
an

ag
em

en
t i

ss
ue

s 

Main 
management 
strengths  

// Selection 
step and 

warehouse 
are well 

organized 

Accurate final 
check before 
sending to 
packaging 

house 

Workspaces 
and production 
lines designed 

following 
international 

standards 

// 

Main 
management 
weaknesses  

Warehouse 
organization  to 

be improved 

Waste (e.g. 
empty 

fertilizers 
bottles) 

abandoned in 
the field 

// // Shed and 
warehouse 

organization 
needs 

improvement 
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(High Performance Liquid Chromatography with Diode Array Detector). The standardized fractions, obtained by extraction 

of date fruits (Sample 1 and Sample 2) have been evaluated for their antioxidant and antiradical activity by using UV-Vis 

spectrophotometric assays (Folin-Ciocalteau and DPPH tests). In particular, hydrolizable tannins (gallic acids and phenolic 

derivatives), hydroxicinnamic acids (ferulic acid, p-coumaric acid, caffeic acid and their derivatives) and flavonoids (mainly 

luteolin and kaempferol glycosides) were identified in the hydro-alcoholic extracts of date fruit by HPLC/DAD. The 

quantitative results of each polyphenolic class for the investigated samples and for a reference sample (Palestinian Medjoul 

dates commercialised, with a premium price, by an Italian large-scale retail trader – Sample 3), are fully reported in Table 2: 

 

Table 2. HPLC/DAD quali-quantitative results (average values of triplicates) of polyphenol composition of hydro-alcoholic 

extracts of date fruit collected in field (Sample 1 and 2) and taken from the market (Sample 3). Data are expressed as mg of 

compound per 100 mL of extract. The numbers in brackets are the percentages of the class of compounds compared to the 

total polyphenols. 

 Sample 1 Sample 2 Sample 3 

Hydrolizable tannins (as gallic 
acid at 280 nm) 

36.00 (89.1%) 26.16 (88.5%) 27.00 (84.1%) 

Hydroxycinnamic acid (as 
ferulic acid at 330 nm) 

2.24 (5.6%) 2.88 (9.7%) 4.44 (13.8%) 

Flavonoids (as luteolin 7-O-
gluc. at 350 nm) 

2.16 (5.3%) 0.52 (1.8%) 0.68 (2.1%) 

TOTAL POLYPHENOLS 40.40 29.56 32.12 

 

The date hydro-alcoholic extracts previously analyzed and characterized by HPLC/DAD were then investigated for the 

antioxidant and antiradical properties, by using two in vitro spectrophotometric tests (Folin-Ciocalteau and DPPH test). 

Spectrophtometric tests allowed the antioxidant and antiradical properties evaluation of the hydro-alcoholic extracts of dried 

fruits, harvested in two plantations with different characteristics. In the field from which the Sample 1 comes, the palm trees 

are younger and their disposition is more sparse, allowing a major sun irradiance of the plants. In the field from which the 

Sample 2 comes, the trees are closer, creating a thicker network of branches and leaves with the result of plants more shaded. 

 

The average total polyphenol content assessed by the Folin-Ciocalteau test was 198 mg GAE/100g of DW for Sample 1 and 

157 mg GAE/100g DW for Sample 2. The reference sample taken from the market (Sample 3) registered a polyphenol content 

value of 160 mg GAE/100g DW. Hence, the investigated Sample 1 showed a quite higher antioxidant potential with respect 

the other two samples and this is in accordance with the higher flavonoid content on sun-exposed palms (5.3% of Total 

Polyphenols, see Table 2), as previously described. 

 

Concerning the DPPH test, the EC50 of the hydro-alcoholic extracts was firstly analysed, expressing the values as mM of total 

polyphenols (i. e. 0.133 mM for Sample 1). Reporting the data of EC50 as the quantity in mg of date fruit that inhibits 1 mg of 

radical, the average value for Samples 1 was 141 mg, quite different from the average value for Sample 2 (215 mg) and Sample 

3 (191 mg) respectively. These data, corresponding to the quantity of date pulp that inhibits the 50% of the radical molecule 

(DPPH), confirm the higher antiradical activity of the sample with a higher concentration of flavonoids. 
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As an example for Sample 1, Figure 1A reports the kinetic of the radical scavenging in a 20-min time, and the Figure 1B shows 

the logarithmic curve of the radical inhibition in function of the hydro-alcoholic extract concentration (as mM of Total 

Polyphenols). 

 

 

A)                                                                               B) 

 

Figure 1. A) Kinetic of inhibition of Sample 1 on DPPH radical by measuring the Absorbance at 517 nm during 20-min 

time. B) Logarithmic curve describing the relation between the total polyphenol concentrations of the hydro-alcoholic 

extract (Sample 1) and the percentage of inhibition of DPPH radical. 

4. Conclusions 

Regarding date production in Jericho, we should remark that despite the potential high quality of Palestinian dates Medjools, 

marketing to Europe still encounters many difficulties. Some issues on quality are due to the lack of adoption by producers of 

standardized methods. Thus, Palestinian dates, with a step-by-step implementation of standardized procedures, could really 

improve their quality to be ready to face potential European markets and opportunities. 

Concerning the analytical research, this paper shows that the Medjool date is a good source of natural antioxidant compounds 

belonging to different polyphenolic classes, and such composition accounts for the antioxidant and antiradical properties of 

the fruit. Moreover, the biological activity seems to vary in function of a differentiate percentage of each polyphenolic class. 

As future prospective, a rigorous characterization of the cultivar Medjool with the assessment of its antioxidant properties can 

be strongly useful in the nutritional valorisation of date fruits and to stimulate other high value applications, i.e. as a functional 

food and as ingredient in food supplements. 

Finally, the definition of new quality procedures for members of PFCA will foster more sustainable behaviour and improve 

commitment among them. In particular, the aim is to obtain a more sustainable chain, with reference to:  

a) Environmental sustainability, i.e. guaranteeing the integrity of ecosystems (e.g. through appropriate irrigation, fertilization, 

pest control and weeding practices);  

b) Economical sustainability, i.e. generating long-term income;  

c) Socio-cultural sustainability, i.e. guaranteeing fair access to fundamental rights and conditions of well-being, among the 

workers and within the community.  

In the future, these could contribute to create opportunities and develop positive relations along the chain, able to recognize 

the cultural value of this commodity.  
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Abstract
Justification of the research / research argument

An endeavor to reduce energy demand is widely recognized as a hallmark attitude of sustainable 

development. In addition to systemic solutions, which usually involve significant financial inputs, 

human behavior is important. 

Aims The purpose of this article is to present the results of the experimental research program 

Energy Saving in the Office (ESO) concerning energy-saving behavior at the workplace after working

hours.

Methods/approach

As part of the ESO project, two studies were conducted in the same population: an experiment on 

energy-saving behavior, and a questionnaire about the opinion of the respondents on energy saving 

and their activities in this field.

Findings/results The experiment allowed, among others, for a causal relationship to be observed 

between the information provided and the energy-saving behavior of employees.

The results of this experiment show that getting information about energy saving opportunities and 

incentives in this respect indeed leads to energy-saving behaviors. It was also found that positive 

responses to incentives were correlated to preference for the temperature lower than the average in

the studied population. 73% of respondents declared that they intended to “continue reducing the 

temperature in the office after working hours” after the end of the project.

Conclusions

Providing appropriate information can lead to energy-efficient behaviors but such improvements are 

not guaranteed to be durable. The participants of the ESO project mostly expressed positive 

opinions about the activities undertaken in this project, as well as indicated the need to carry out 

such activities.

Keywords: Energy saving, Experiment, Survey, Behavior change, Sustainable development.

1. Introduction

Most  research  focuses  on  energy  saving  at  work  during  working  hours.  This  article  presents

opportunities  to  save  energy  lost  after  working  hours  in  office  buildings.  Saving  energy  at

workplace might be considered altruistic, because often no personal benefits accrue, but it is rather

impure altruism ( Leygue et al., 2017 ).  Nguyen and Aiello (2013) emphasize that energy-unaware

behavior uses twice as much energy as the minimum that can be achieved. Population growth,

improved construction services and enhanced comfort, along with longer time spent indoors, have

increased  energy  consumption  in  buildings  to  the  levels  consumed by  transport  and  industry

(Pérez-Lombard et al., 2008). The simplest message to employees: If you do not need, do not use

can help change behavior and save energy at the workplace.  Results presented by  Carrico and

Riemer (2011)  indicated that  group-level feedback presented monthly to employees via e-mail

and peer education resulted in a 7% and 4% reduction in energy use, respectively, but information-

only campaign had no effect on energy use. The article reports on the Energy Saving in the Office
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(ESO)  field  project  aimed  at  inducing  changes  in  employee  behavior  stimulated  by  a  leaflet

encouraging employees to reduce heating in office rooms after working hours, and outlines the

results  of  an  experiment  and  a  questionnaire  survey  carried  out  among  employees  upon  the

experiment closure.   The project consisted of two stages: a field experiment and a questionnaire

survey. The experiment results are discussed in the article  Experimental assessment of energy

saving incentives effectiveness (under review).

The findings allow the identification of factors that affect the decisions made by the respondents

during the project.

In general, many efforts are made to reduce energy consumption and use energy more efficiently,

including: 1. technological approach involving technological changes (passive architecture, energy-

efficient  equipment,  intelligent  control  in  buildings,  renewable  energy  sources,  etc.),  and  2.

behavioral approach whereby the behavior of energy consumers is changed.

Pro-environmental behavior must be guided by values and norms  (Lindenberg and Steg, 2013).

Under the behavioral approach, users are provided with information that most often refers to social

norms. The research of  Staddon  et al. (2016) reviewed and synthesized empirical evidence to

identify what types of behaviour change intervention are most successful at saving energy in an

office-type  workplace  (n=22)  .  They  found  that  interventions  creating  social  and  physical

opportunities for employees to save energy are the most successful.  According to Masoso and

Grobler (2010), a behavioral change has a savings potential that is comparable or in most cases

higher than that of technological solutions. The most important characteristic of behavioral change

is that its introduction is less cost-intensive, both in new and existing buildings, as compared to

technological changes. Furthermore, in both residential and office buildings, saving behavior can be

consolidated as part of a family or work culture and energy-saving behavior can be transferred

between  family  and  work  areas.  There  are  endeavors  to  estimate  the  waste  resulting  from

excessive energy consumption at work during and after working hours.

The theoretical foundation for the Energy Saving in the Office (ESO) project was provided by the

behavioral Goal-Framing Theory (GFT) by Lindenberg and Steg (2013), depicted in Figure 1, which

can be used, among others, to plan energy-saving behaviors. The Goal-Framing Theory presumes

that  individuals  generally  aim to  improve  their  situation  through  their  actions.  However,  they

cannot focus on all aspects of their activity at the same time. Thus, their behavior will be mostly

subordinated to one of three main goals, with simultaneously reduced implementation of the other

two: the hedonistic goal – improving the well-being at a particular moment; the goal of gain –

preserving the already owned or gaining more resources; normative goal – behavior consistent with

the interest of the community.

The goal that determines the action by an individual at a given moment is termed the framing goal.

The framing goal at a given time has a stronger impact on the decision-maker’s behavior than the

other two. Internal and external stimuli that influence the decision-maker cause changes in the

hierarchy of goals. There are thresholds of the stimulus intensity above which the goal currently

framing the behavior changes into another. They depend on the preferences and predispositions of

an individual.
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Stimuli:

Figure 1. Decision-making schema of a hypothetical participant of the Energy Saving in the Office 
project in the context of the Goal-Framing Theory, prepared by the authors based on Lindenberg 
and Steg (2013).

The natural hierarchy of goals prioritizes the hedonistic goal over the goal of gain and the 

normative goal since it corresponds to the satisfaction of current and basic needs of an individual. 

Meeting the other two goals may take more time until gratification.

Changing circumstances and strong stimuli can turn each of the goals into the framing goal. 

Nonetheless, proportionally bigger efforts are needed so that the normative goal becomes the 

dominant one. Moreover, it will need to be constantly reinforced (through appropriate stimuli) so 

that it is not replaced by the hedonistic goal or the goal of gain.

2. Methods

In order to encourage energy saving after working hours, the ESO project was planned for office

buildings, with the following objectives: (I) to find out about the behavior of employees regarding

energy consumption for heating after working hours; (II) to assess the efficiency of incentives to

save energy; and (3) to put forward recommendations for energy-saving behavior of employees. 

The specific objective of the ESO project was to change the behavior of  employees leading to

reduced heating after working hours (change of behavior, new expectations among employees,

modification of the individual decision-making context).

Two studies were carried out under the ESO: an experiment and a questionnaire survey. As part of

the  experiment,  leaflets  were  delivered  to  randomly  selected  offices.  The  leaflets  encouraged

employees to reduce thermostat settings to 2.5 (on a scale from 1 to 5) at night, or 18°C, in the

office rooms after working hours. Thermostat read-outs were noted down on working days, during

the  intensive  heating  season  from  December  8,  2016  to  February  27,  2017.  Experiment

participants were divided into three groups: G1, G2, G3. G1 was the control group throughout the

experiment, whereas G2 and G3 received incentives to change their behaviors in order to reinforce

the  normative  goal  –  acting  for  a  common  cause;  the  leaflet  contained  the  information  that

Goal of gain

Non-existent here because the
subjects cannot expect any gain

for energy-saving behavior

Temperature
outside

the building

Hedonistic goal

To improve comfort by turning up
the heating

Behavior
The subject reduces the
thermostat setting to 2.5

Normative goal

Saving energy for future
generations

Framing goal

Leaflet referring
 to the idea

Normative goal

Saving energy for future
generations
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Reducing the heating by every degree (a) makes it possible to reduce the consumption and costs

of heating and (b) leads to a reduction in carbon dioxide emissions.

It was assumed that the hedonistic goal might involve a wish to improve the individual’s comfort at

work  by  turning  up  the  heating.  The  goals  then  conflict  with  each  other  and  the  experiment

participant who prefers a higher temperature at the workplace is not able to achieve two goals at

the same time.

The goal of gain was not considered in the context of the ESO experiment since participants were

not  able  to  strive  to  increase  or  preserve  their  resources  in  that  situation.  It  can  be  stated,

however, that the decision to reduce the temperature preserves the university faculty resources,

yet it was assumed that the participants did not identify their gains with the gains of the faculty.

The second part of the ESO project involved an anonymous questionnaire survey. The questions

concerned: (1) energy consumption management at work, (2) energy management at home, (3)

thermal  preferences  of  respondents,  (4)  knowledge  about  sustainable  development  and

involvement of the institution in activities for sustainable development, (5) participation in the ESO

project, (6) receipt and evaluation of the ESO project. 

3. Results and Discussion

All employees of a university faculty (210 people) were asked to complete the questionnaire by e-

mail, and the questionnaire was also delivered to each room. 40 completed surveys were returned,

including  37  questionnaires  (92.5%)  from  project  participants  who  had  received  leaflets

encouraging them to save and 3 from people (7.5%) who did not have the leaflet in their room.

As regards questions referring to knowledge about sustainable development, 70% of respondents

correctly described the idea and scope of sustainable development; furthermore, 72.5% of them

thought that the unit in which they worked had a sustainable development strategy in place, and

75% indicated  that  their  unit  implemented  sustainable  development  measures  in  its  strategic

plans.

A number of survey questions concerned the behavior of respondents in the context of energy

management at work or at home. 80% of respondents said that they adjusted the temperature at

the workplace, most people (62.5%) indicated that they adjusted the temperature at least once

every few days, and 87.5% adjusted the temperature in the room to changes in outdoor conditions

(which was visible in the read-outs when respondents increased thermostat settings as the outside

temperature  dropped).  Concerning  energy  management  at  home,  the  vast  majority  of  those

surveyed (82.5%) claimed that they made decisions about energy consumption,  and 90% paid

heating bills.

Respondents declared different preferences regarding the optimum temperature at the workplace,

from 17oC  to  24oC  during  working  hours;  most  people  (13)  suggested  20oC  as  the  optimum

temperature, which may indicate that they expect such a temperature at work and are reluctant to

cool down their offices outside working hours. The arithmetic mean of temperatures declared as

optimum was  20.5ºC for the whole sample.

The group of respondents was divided according to three characteristics (division criteria):

(C1) preferred temperature at the workplace; (C2) commitment to the proposed activity under the

ESO project; (C3) declared continuation of energy-saving activities after the end of the ESO project.

As for the first criterion, those who declared a temperature higher than 20ºC were considered to be

“participants  preferring  a  higher  temperature”.  The  remaining  respondents  were  qualified  as
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“participants  who preferred the workplace temperature not  higher  than 20ºC ”.  In  the second

criterion, those who said that they always or usually followed the leaflet instructions were regarded

as participants committed to the ESO project. The other respondents were qualified as participants

not  committed  to  the  project.  According  to  the  next,  third  criterion,  the  participants  who

emphasized the intention to continue reducing the room temperature before leaving work upon the

project closure were identified.

Tables 1 summarize the results, distribution and percentage of participants committed to the ESO

project,  depending on their preferred temperature at work. 36 responses (90%) were received,

including both questions. 85% of respondents declared taking action under the ESO project. Of

those who preferred the workplace temperature not higher than 20ºC, everyone took action under

the ESO project. This means that these participants did not have to change the hedonistic goal to

the normative one because their normative goal was identical to their hedonistic goal. 

Table 1. Number  of  participants  committed to  the  ESO project,  depending  on their  preferred

temperature at work. 

Preferred  

temperature at work

Commitment to the ESO project

Yes No No response

Not more than 20ºC 18 (45%) 0

4 (10%)
       More than 20ºC 16 (40%) 2 (5%)

 Source: prepared by the authors

For  those who declared that  they preferred a temperature higher  than 20ºC (18 people),  two

participants did not  undertake the ESO project  actions  for  objective reasons  (in  one case,  the

participant had not received the leaflet and was in the control  group; in the second case,  the

participant  did  not  follow  the  leaflet  instructions  because  the  thermostat  knob  was  blocked).

Accordingly, 85% of respondents took actions to save energy after working hours, even if this was

in contradiction with their preferences regarding the temperature. Probably under the influence of

the  leaflet  (incentive  to  save  energy),  16  out  of  40  participants  (40%)  preferring  a  higher

temperature at work changed their framing goal from hedonistic to normative. 

Tables  2  summarize  the  results,  number  and  percentage  of  participants  who  emphasized  the

intention to continue reducing the room temperature before leaving work upon the project closure,

depending on preferred workplace temperature. 37 responses (92.5%) were received, including

both questions.

Table 2. Number of participants declaring intention to continue ESO guidance, depending on their

preferred temperature at work. 

Preferred  

temperature at work

Intention to continue reducing the room temperature before leaving

work upon the ESO project closure

Yes No I don't know No response

Not more than 20ºC 17 (43%) 0 1 (2.5%)

3 (7.5%)
       More than 20ºC 12 (30%) 2 (5%) 5 (12.5%)

Source: prepared by the authors
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Among participants who prefer the workplace temperature not higher than 20ºC, no one gave up

their  intention to still  reduce the room temperature before leaving work upon the ESO project

closure, one participant (3%) said that they did not know whether they would carry on after the end

of the project. For those who declared that they preferred a temperature higher than 20ºC (18

people), 12 (30%) said that they were going to continue reducing the temperature, 2 (5%) did not

intend to do so, and 5 (13%) indicated that they did not know whether they would do so upon the

project  closure.  Some  participants  were  able  to  change  the  framing  goal  from  hedonistic  to

normative for the duration of the project but they did not declare that they would sustain these

actions over time. This group of employees is likely to need additional incentives and motivations

to consolidate energy-saving behaviors.

Most  employees  who  prefer  a  higher  temperature  undertook  energy-saving  behaviors  for  the

duration of the project, and all  those preferring a lower temperature displayed such behaviors.

Sustaining energy-saving behaviors is more difficult in the case of the group preferring a higher

temperature (the hedonistic goal prevails over the normative one), and the vast majority of those

who prefer a lower temperature wish to maintain energy-saving behaviors.

Respondents showed a great commitment to the project implementation, drawing attention to the

following sensitive aspects of the project.

1. Who turns down the heating?

Since employees  work  in  shared rooms,  the person who reduced the temperature is  not  sure

whether the thermostat setting was changed or not after they left the office:  “Other employees

stay at work after I leave. The temperature can be adjusted by whoever leaves last.”

2. The need for automation.

“The temperature adjustment in the rooms should be centrally controlled (e.g. after leaving the

office”). 

3.  Positive  awareness-rising  and  integrating  role  of  the  ESO  project  for  employees  and  the

institution.

“I support raising public awareness in this case because it is an important issue.”

“The project is interesting; clear commitment of employees. The awareness of common actions has

increased.”

“A very positive project; energy should be used rationally.”

4. Commitment of employees to energy saving before and after the ESO.

“Before I  received the leaflet,  I  always cared for reducing the heating at  work and at  home.  

In most cases, I do not turn on the thermostat whatsoever. If I use it, I do it only in winter and

solely during working hours. After work, I turn off the device. I don’t use it at all in the summer.”

“I cared about energy saving before the project started, adjusting the temperature for the flowers

and my own comfort.”

4. Conclusions

The Energy Saving in the Office project was planned and carried out at one of the faculties of the

University of  Warsaw in Poland. The project consisted of  two stages:  a field experiment and a

questionnaire survey. The experiment results are discussed in the article Experimental assessment

of energy saving incentives effectiveness  (under review). This article concentrates on the survey

results.  The  survey  conducted  under  the  ESO  project  was  designed  to  test  the  theoretical

assumptions of the behavioral goal-framing theory. The questionnaire was sent to 210 employees
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with a request to complete and return it. It was returned by 40 people; the majority were those who

had received an incentive to change their behaviors leading to reduced heating in the workplace

after  working  hours  during  the  experiment  phase.  The  change  in  the  behavior  of  the  ESO

participants, and thus the change of their framing goal, may be influenced by external natural

(outside  temperature)  and  generated  stimuli.  In  the  case  of  the  ESO project,  it  was  a  leaflet

encouraging  some  respondents  to  reduce  the  thermostat  settings.  Changes  in  respondents’

behavior  were  also  affected  by  other  internal  factors  on  the  part  of  respondents  such  as:

preferences and thermal needs.

The survey mainly covered employees who were provided with a stimulus in the ESO experiment

phase – a leaflet encouraging the reduction of thermostat settings. It turned out that this group can

be divided into two subgroups: (1) people preferring the workplace temperature of above 20ºC, (2)

people preferring the workplace temperature of 20ºC at most.  The findings justify the conclusion

that those who preferred higher room temperatures slightly more often decided to improve their

current  situation  (hedonistic  goal)  and  increased  the  temperature  despite  the  leaflet

recommendation. They also less frequently stated that they would continue to save energy after

the project closure, choosing the “I don’t know” or “no” answer. 

All those who preferred a lower temperature reduced the thermostat settings during the project,

contributing to savings. The cost of changing behavior in this group was smaller than among those

with a higher temperature preference. In this group, a lesser proportion confirmed their intention to

continue the actions after the end of the project.

From among those surveyed, a total of 85% confirmed that they reduced heating consumption

after working hours, while 73% declared continuation of these actions after the project closure, and

they also added that they would transfer these behaviors to the family sphere.

The survey confirms that the behavioral approach may contribute to reducing the consumption

and, consequently, costs of energy. Advantages of this approach include certainly lower costs of

implemented solutions and the fact that the decisions are made by the employees themselves who

are aware that they did the right thing.

Some  respondents  emphasized  the  need  to  implement  such  actions,  campaigns  that  raise

awareness and contribute to saving. The promotion of such behavior is conducive to building the

institution’s identity based on values and norms.

It can be concluded that the delivery of the incentive, that is the leaflet with a request to reduce

the thermostat setting, intensifies energy-saving behaviors. A practical aspect of the study is the

possibility of using non-negligible impact of incentives to promote other pro-saving behaviors of

employees with almost no additional cost for the employer.
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Abstract 
In this paper, we face the problem of global feeding sustainability and related environmental issues, with a strong attention to 
possible public heath improvements. Specifically, we shall consider food producers and sellers of vegan (or vegetarian) and 
non-vegan (or non-vegetarian) food. We propose possible quantitative agreements among different food producers, in order 
to develop a sustainable healthier diet for future generations, by using a mathematical co-opetitive approach and game theory. 
The co-opetitive approach used by the authors provides a game theory model, which could help producers of vegan food an 
easier entry in global market and obtain a considerable free publicity. Meanwhile, the model could allow big producers/sellers 
of non-vegetarian food a smooth rapid transaction to more sustainable and healthier vegan or vegetarian production/supply. In 
particular, we propose an exemplary complex agreement setting among McDonald's and Muscle of Wheat, a small but strongly 
innovative Italian food producer. We think that, on one hand, Muscle of Wheat cannot enter a global market without the help 
of a large globalized food producer already present in the market, on the other hand, we think equally difficult that a large 
static and poorly innovative producer cannot follow credibly and rapidly enough the increasing and challenging issues of 
global food sustainability. We remark that our game model represents an asymmetric R&D alliance between McDonald's and 
Muscle of Wheat. The aim of our contribution is twofold. Firstly, we explain the advantages of a vegan diet for the human 
health, environmental issues, food sustainability, population sustainability; in fact the model explain how global food 
producers could improve environmental, social and health conditions of world population. Secondly, we show how game 
theory normal-form and extensive-form games can be used in coopetition studies in order to increase health conditions of 
people, address climate change, address hunger in the world, improve welfare in a particular market. The results of the 
mathematical study prove that we can find win-win solutions for both firms, which are also good for world environment, 
human healthy, human population sustainability and climate change. 
 
Keywords: Sustainability of Food Production, Environmental Sustainability, Game Theory, Coopetitive Games, Green 
Economy  

 

1. Introduction  
 

In this paper, we study a game theory model in order to improve the sustainability of food production at global level. 

Specifically, we construct a coopetitive model suggesting general possible alliances among vegan and non-vegan global food 

producers and sellers.  

It is now well known that the meat production is highly non-sustainable, from several points of view (see Leitzmann, 2003, 

2014; Fiala, 2008; Worldwatch Institute, 2014; Pimentel and Pimentel, 2003; Wheeler, 2015; Thomas, n.d.; Tuomisto and 

Teixeira, 2011; Foley et al., 2011; Chu, 2016; Baumert et al., 2005; Nguyen et al., 2012; Gauthier et al., 2016; Lyakhov et al., 

2016).  

Moreover, the meat consumption reveals linked with heart strokes, cancers, diabetes and several other important diseases (see 

Saint Louis, 2015; BMJ, 2017; Fields et al., 2016; WHO, 2015; Walker et al., 2005).  

On the contrary, a vegan diet is sustainable for the environment, because eating vegan means less impact on the resources of 

our planet, less energy consumption, less water consumption, less pesticides adoption, less pollutants dispersion, less need for 

land and therefore less deforestation. Moreover, a plant-based diet requires only one third of the land needed to support a meat 

and dairy diet, and is rich in protein, iron, fiber and other essential vitamins and minerals, helping mitigate some of the modern 

world's biggest health issues like obesity, heart disease, diabetes and cancer. But a vegan diet eliminates food sources of 

vitamin B12, which is found almost exclusively in animal products, including milk, eggs, and cheese, which are good sources 

of calcium. To ensure that “well-planned" diet, vegans must find alternative sources for B12 and calcium, as well as vitamin 
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D, zinc, and riboavin (see Craig, 2009).  

We will so analyze the case of the “Muscle of wheat", a food created by Enzo Marascio, an Italian entrepreneur. It is a real 

evolution in the food industry, because it shows a nutrient value similar to that of meat, while it results totally vegetable. 

Muscle of wheat results more complete than seitan, soy and tofu; it contains, in fact, 20 amino acids, including the essential 7 

amino-acids out of 8, is composed of a type of protein which is not found either in the derivative of soy or in food of animal 

origins (see Albanesi, 2013).  

 

2. Methods 

 

In this paper we propose the possible agreement among a large globalized food producer and Muscle of Wheat, in order to 

develop a new better conceived diet for the future generations. We think that Muscle of Wheat cannot enter a global market 

without the help of a large food producer already in the market, for example like McDonald's or other globalized food chains. 

At this aim, we propose a game theory model based on a coopetitive reasoning, representing a possible asymmetric R&D 

alliance between two subjects: McDonald's and Muscle of Wheat. This asymmetric alliance will benefit different players in 

the game, Muscle of Wheat will enter a globalized market and export its production worldwide, McDonald's will gain another 

part of the global food market and society will gain from health improvement. 

Althought game-theoretical models are not systematically applied in coopetition studies, Game Theory has proved to be 

extremely useful for coopetition analysis. For example, Brandenburger and Nalebuff (1995, 1996) argued that game theory is 

useful for understanding coopetitive situations. Rodrigues et al. (2011) applied game theory for investigating strategic 

coopetition. Moreover, we consider the following literature on asymmetric R&D alliances: Hagedoorn, et al. (2001), Alvarez 

and Barney (2001). 

Here, the authors use an original recent definition of a coopetitive game, in normal form, given by David Carfì. The model 

can suggest useful solutions to a specific coopetitive problem. This analytical framework enables us to widen the set of possible 

solutions from purely competitive solutions to coopetitive ones and, moreover, incorporates a solution designed “to share the 

pie fairly” in a win-win scenario. At the same time, it permits examination of the range of possible economic outcomes along 

a coopetitive dynamic path. We also propose a rational way of limiting the space within which the coopetitive solutions apply.  

The basic original definition we propose and apply for coopetitive games is that introduced by Carfì and Schilirò (2014a, 

2012a, 2012b, 2012c, 2012d) and Carfì (2015, 2012, 2009, 2008). The method we use to study the payoff space of a normal-

form game is due to Carfì (2015), Carfì and Musolino (2015a, 2015b, 2014a, 2014b, 2013a, 2013b, 2013c, 2012a, 2012b), and 

Carfì and Schilirò (2014a, 2012a, 2012b, 2012c, 2012d). Other important applications, of the complete examination 

methodology, are introduced by D. Carfì and co-authors in Agreste et al. (2012), Arthanari et al. (2015), Baglieri et al. (2016, 

2012), Campbell and Carfì (2017), Carfì and Donato (2018a, 2018b), Carfì et al. (2017a, 2017b), Carfì, et al. (2017), Carfì, et 

al. (2016), Carfì and Okura (2014), Carfì and Romeo (2015), Carfì and Pintaudi (2012). A complete treatment of a normal-

form game is presented and applied by Carfì (2015, 2012, 2009, 2008), Carfì and Musolino (2015a, 2015b, 2014a, 2014b, 

2013a, 2013b, 2013c, 2012a, 2012b), Carfì and Perrone (2013), Carfì and Ricciardello (2013, 2012 a, 2012b, 2010, 2009) and 

Carfì and Schilirò (2014a, 2012a, 2012b, 2012c, 2012d), Donato (2017). Carfì (2008) proposes a general definition and 

explains the basic properties of Pareto boundary, which constitutes a fundamental element of the complete analysis of a normal-

form game and of a coopetitive interaction. 

 

The economic model 

 

Assumption 1. We assume that, to achieve its goals, McDonald’s, our 1st player, is forming horizontal alliances (that is food-

food alliances), instead of producing new innovative food, with the small (but research-oriented and highly efficient) Muscle 

of wheat firm, our 2nd player.  
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Assumption 2. The Muscle of wheat firm (2nd player) is engaged in the creation and production of new vegetable based healthy 

food, entirely obtained from environmentally sustainable sources. With environmentally sustainable sources, we intend basic 

primary food products (food raw materials) that: 

• do not worsen the natural environment conditions - or, at least, the natural environment used regenerates without 

human intervention in few months - in which they are produced (on the contrary, e.g. the meat production requires 

deforestation and intense use of soil, exploitation of lands, use of pesticides and antibiotics which affect badly on 

the environment near to the sites of production); 

• do not worsen Climate Change, the causes of Climate Change and all the bad effects connected to Climate Change; 

• imply less energy consumption, less water consumption, less pesticides adoption, less pollutants dispersion, less 

need for land and therefore less deforestation, with respect to all other food raw materials (e.g. a plant-based diet 

requires only one third of the land needed to support a meat and dairy diet); 

• reveal essentially healthy, with no particular contraindications or issues for the human health (vegan diet is rich in 

protein, iron, fiber and other essential vitamins and minerals, helping mitigate some of the modern world's biggest 

health issues like obesity, heart disease, diabetes and cancer, which follows surely from a high level consumption of 

meat and dairy product). 

Assumption 3. To cope with global competitive pressures, McDonald’s is allying in triad with another mid-size or small-size 

food firm (our Muscle of wheat) and with a venture capitalist (let us call VC or Cap), our 4th player (which we won’t consider 

one of our principal players, because of its elementary actions and simple payoffs) in order to spin out a new food development 

program into a new renewable joint venture firm (we call RJV, research joint venture), our 3rd player. 

Assumption 4. We assume a particular aggregate demand function describing the demand of the Market: 

D : E × C →R , 

defined by 

D (x,z) = z1 + z2 ( 1 – x/h2) , 

for every (x,z) in E x C, where: 

• E is a compact interval of the real line; 

• C is a compact rectangle of the Cartesian pane; 

• h2 is the maximum of the compact interval C2, second projection of the rectangle C. 

	

Semi-quantitative description of the payoffs 

At the end of this R&D alliance, the benefits for the three partners can be summarized as follows: 

• McDonald’s buys a certain amount x of food from RJV and gains from the selling of the product  

α(x,z) x  

on the Market, where 

α : E × C → R 

is a percentage function acting on a supply vector 

(x,z) in E × C ,  

that we specify in the following. The function represents the percentage 

of production really sold to the Market; 

• Muscle of wheat firm produces a bi-quantity  

z = (z1, z2) 

of a new extremely healthy and highly sustainable food; MW gains by selling a quantity z1 to RJV and a quantity z2 

on the Market; 

• RJV gains by selling x of the Muscle of wheat production to McDonald’s and  
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z1 - x 

of the food on the Market; 

• Cap receives from McDonald’s (at time 2) the capitalization k' of its initial investment k (money given to 

McDonald’s at time 1); 

• Market gains from the sunk costs k of RJV, from the research-costs y of Muscle of wheat and it gains a value  

b(z1 – x + α(x,z) x +z2) = b (z1 – x(1 - α(x,z) + z2) 

by improving food production and health. 

 

The formal construction of the game model 

Axiom 0. We consider a five-player game. 

The players are: 

1. The 1st player is McDonald’s; 

2. The 2nd player is Muscle of Wheat; 

3. The 3rd player is the RJV (Research Joint Venture) constituted by McDonald’s and MW; 

4. The 4th player is VC (venture capitalist); 

5. The 5th player, called player 0, is the Market. 

We distinguish between principal players and side players: principal players are McDonald’s and Muscle of Wheat, side 

players are RJV, VC and the Market (civil society). 

 

Strategies 

Axiom 1 (strategies of the 1st player). Any real number x represents the production that McDonald’s decides to buy (x in E, 

compact interval of the positive real semi-line) from the Research Joint Venture founded by McDonald’s and MW. 

Axiom 2 (strategies of the 2nd player). Any real number y represents investments for research and food production (y in F, 

compact interval of the real line, with first end-point greater or equal to 1) employed by MW; we assume that an investment 

in research of at least 1 is needed for creating the new extremely healthy and highly sustainable food. 

Axiom 3 (coopetitive strategies of the 3rd player). Any vector  

z = (z1, z2),  

with  

z in C = C1×C2,  

where C1 and C2 are compact intervals of the real line, such that the first end-point of C1 results greater or equal to the maximum 

of E, represents the bi-production of MW. 

We assume that: 

• the vector z is decided together by McDonald’s and MW; 

• the RJV buys only the z1 component of z; 

• the strategy z1 could be seen as the strategy of the third player; 

• the vector z represents, equivalently, the coopetitive strategy of the first two players. 

In other terms, we shall interpret the strategy z1, first component of the cooperative profile strategy z as the 3rd player strategy. 

Axiom 4 (strategies of the 4th player). The number k represents the loan that VC decides to offer to the McDonald’s (the 

strategy set of VC is reduced to the singleton {k}). 
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Axiom 5 (strategies of the 5th player). Any two real number z1 – x and z2 represents the coopetitive production branded by 

RJV that the Market decides to buy: we assume, by classic microeconomic assumption, that this z1 – x and z2 coincides with 

the bi-production branded by RJV, decided together by McDonald’s and MW. 

Axiom 6. We choose the aggregate demand function 

D : E × C →R , 

defined by 

D (x,z) = z1 + z2 ( 1 – x/h2) , 

where h2 is the maximum of the interval C2. 

Axiom 7 (balance equation of the player 0). The aggregate demand function D must satisfy the following balance equation 
D (x,z) = (z1 – x) + z2 + α(x,z) x. 

We can easily prove the following theorem. 

Theorem 1. The percentage function α is defined by 

α(x,z) = 1 – z2/h2 . 

Proof. It follows straightforwardly from the definition of α and the definition of D. 

From the above theorem we can simplify the notation by considering the function α as a function defined on C2 , in other 

terms we can consider the function α depending only upon the argument z2 . 

 

Payoffs 

Axiom 8. The payoff function of McDonald’s is defined by 

f1(x, y, z2) = (α(z2)p10 – p31)x - k' - ay, 

where: 

1. the term  

α(z2) p10x 

is the profit from selling α(z2)x at price p10 in the Market; 

2. α(z2) is a coefficient depending upon z2, representing the percentage of the quantity x of the product actually sold 

in the Market by player I, which is defined by 

α(z2) = 1 – z2/h2, 

where h2 is the maximum of the interval C2 = [ j2, h2]; 

3. p31x is the cost to buy x from RJV at price p31; 

4. k' are the sunk costs faced by McDonald’s itself; 

5. ay is the extra-payment to MW for research and development y (with a > 1). 

Axiom 9. The payoff function of MW is defined by 

f2(x, y, z1, z2) = p23z1 + ay - y - F + p20 z2 , 

 where : 

1. p23z1 is the payment received from RJV selling the product z1; 

2. ay is extra-payment for research y, (with a >1), received from McDonald’s; y is the investment in research; 

3. F is the fixed cost to produce the food, this cost is not afforded by RJV, which pay only the variable cost; 

4. p20 z2 is the revenue obtained by selling z2 in the Market of price p20, with  

p23<p20<p10. 

Axiom 10. The payoff function of the RJV is defined by 
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f3(x, y, z1, z2) = p31x + p30(z1 - x) - cz1 – p23 z1 -cz2; 

where: 

1. p31x is the profit from selling x at price p31 to McDonald’s; 

2. the term  

p30 (z1 - x) 

is the profit from selling z1 - x at price  

p30 > p31 

on the Market; 

3. the term  

c(z1 + z2) 

is the variable cost for the production of z1 + z2 , faced by MW and paid by RJV; 

4. p23 z1 is the payment paid to MW to buy the product z1 , with  

p30 > c + p23. 

Axiom 11. The payoff function of VC is defined by 

f4(x,y,z) = k' - k 

where  

1. k' represents the money which 1st player has to give back to VC and is  

k’= k(1 + i) 

where i represents the interest; 

2. k is the number that represents the loan that VC decides to offer to the McDonald’s. 

Axiom 12. The payoff function of the Market is defined by 

f0(x, y, z1, z2) = - p30 (z1 - x) + c(z1 + z2) + k - α(z2)p10x +y + b(z1 – x(1 - α(z2)) + z2) - p20 z2  

where: 

1. the term  

α(z2)p10x 

is the cost from buying α(z2)x at price p10 from McDonald’s; 

2. the term  

p30 (z1 - x) 

is the cost from buying z1 - x at price p30 from RJV; 

3. the term  

c(z1 + z2) 

is the indirect gain from the production of z, faced by MW and paid by RJV; 

4. y is the indirect gain coming from the research activity of MW; 

5. k is the indirect gain coming from the foundation of RJV; 

6. the term  

b(z1 – x(1 - α(z2)) + z2) 

is the social indirect gain (beneficial effects) coming from the use of the quantity  

z1 – x(1 - α(z2)) + z2 

of the new sustainable food. 

The following Figure 1 shows the formal situation. 
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Figure 1. Formal representation of the game. 

 

3. Results and Discussion 

Numerical sample 

Now we propose a numerical sample and then we present possible cooperative and coopetitive solutions. For the complete 

game theory analysis and the resolution algorithm we suggest Carfì and Donato (2018b). 

We fix the structure constants of the game as follows: 

• p10 = 7 ($/piece) is the price of the product fixed by all players at which McDonald’s sells to the consumers; 

• p30 = 7 ($/piece) is the price of the product fixed by all players at which RJV sells to the consumers; 

• p31 = 1 ($/piece) is the price of the product fixed by all players at which RJV sells to the 1st player; 

• p23 = 1 ($/piece) is the price of the product fixed by all players at which 2nd player sells to RJV; 

• p20 = 5 ($/piece) is the price of the product fixed by all players at which 2nd player sells to the consumers; 

• k’ = 4 (millions of dollars) represents the capitalized sunk costs paid by the 1st player to the VC (at time 2); 

• a = 1.5 (pure number, capitalization factor) is extra-payment for a monetary unit employed in the research, paid by 

McDonald’s to MW; 

• c = 2 ($/piece) is the marginal cost of the product- faced by the 2nd player – paid to the Market by the RJV; 

• F = 0.5 (millions of dollars) is the fixed cost of the production, paid by MW. 

We also assume the strategy intervals as: 

1. any real number x, that is a possible level of production (in million of pieces) purchased by 1st player from RJV, in 

the canonical interval 

E := [m, n] = [0, 1]; 

2. any real number y, that is an amount of money (in millions of dollars) for research and service production employed 

by 2nd player, in the interval 

F := [1, 2]; 

3. any real vector z, that is the total vector production of food (in millions of pieces) decided by both 1st  and 2nd players 

- of wich the part z1 is selled by the 2nd player to RJV and the part z2 is selled by the 2nd player to the Market – in the 

rectangle 

C = C1 × C2 = [j1, h1] × [j2, h2] = [1, 2] × [0, 2] , 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

661



where we impose j1≥ n. 

We illustrate in Figure 2 the graph of game’s bi-strategy space E x F, and in Figure 3, two projections of the 3-strategy space 

(in particular E × F × C1 and E × F × C2); note that our 3-strategy space is a 4-dimensional compact interval. 

 

Figure 2. Bi-strategy space of the game. 

 

Figure 3. Two projections of the 3-strategy space of the game. 

 

We propose two types of solutions. 

 

Purely coopetitive solution 

The purely coopetitive solution represents the best Nash equilibrium (payoff) of the coopetitive game, or, more correctly, a 

compromise solution on the Pareto boundary of the coopetitive Nash zone, that is the dynamic trajectory determined by the 

Nash equilibria during the coopetitive evolution of the game. 

For determining the purely coopetitive solution we first find the Nash equilibria of the game. The Nash equilibria, representing 

the (static non-coopetitive) competitive solution, are (see also Figure 4): 
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Figure 4. Nash solution in the strategy space. 

 

The coopetitive Nash zone, that is the dynamical trajectory determined by the Nash equilibria during the coopetitive evolution 

of the game, is the convex envelope of the four points 

C’(2, 12 /7), C’(1, 12 /7), C’(1, 0), C’(2, 0) 
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union the segment 

[D’(2,  2), C’(2, 12 /7)]. 

The purely coopetitive solution represents a compromise solution on the Pareto boundary of the coopetitive Nash zone (see 

Figure 5). 

 
Figure 5. Purely coopetitive solution of the game. 

 

This point N’ is the intersection between the Pareto boundary of the coopetitive Nash zone and the line between the infimum 

of the the Nash zone 

t = (-7.5, 1.5) 

and the maximum 

s = (-1, 12.5). 

Note that this purely coopetitive solution does not realize the maximum collective gain. 

In the strategy space this solution is represented by the strategy 

N = (1, 2, 2, 0.87). 

 

Super-Cooperative solution 

The super-cooperative solution represents, in the payoff space, a possible compromise solution on the Pareto boundary of the 

entire payoff space. 

A way to select a solution on the Pareto boundary is to use the Kalai -Smorodinsky method. When we face a bargaining 

problem (P, t ), where P  is a Pareto boundary in the Cartesian plane and t  is a point of the plane, which is under part of P. The 

Kalai-Smorodinsky solution of (P, t) is the point (if any) at the intersection between P and the segment [t, s], where s  is the 

least upper bound of the part of Pareto boundary P beyond (greater than) t . Figure 6 shows the solution K’. 
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Figure 6. Kalai solution of the game. 

 

In the strategy space this solution is represented by the strategy 

K = (1, 2, 2, 1.08). 

4. Conclusions 

 

In this paper, we propose a possible coopetitive agreement among a large globalized food producer/seller and Muscle of Wheat, 

a small, local but strongly innovative healthy food producer of southern Italy. 

We strongly believe that Muscle of Wheat should enter the globalized market because of the good quality of its food 

innovation, which is capable to address global issues such as climate change and the current mass extinction, human-

determined and linked with the extreme soil exploitation; extinction caused also by the requirements of meat industry, for the 

feeding of animals. 

Moreover, McDonald's might see great motivations to change towards the vegan and vegetarian productions, because the 

world food politics are changing in those directions. Moreover, McDonald's, a large, heavy, static and poorly innovative 

producer cannot follow credibly and rapidly enough the increasing and challenging issues of global food sustainability. 

The food production of vegan-products, feasible for the new future feeding scenarios, reveals perfectly matching the Marascio's 

production of the Muscle of Wheat.  

Our aim is to suggest a game theory model based on a co-opetitive reasoning, representing a possible asymmetric R&D alliance 

between McDonald's and Muscle of Wheat.  

The results of the mathematical study have proven that we can find more solutions advantageous both for the firms involved 

and for the world environment, the human population sustainability and the climate change. 

In particular, in a purely coopetitive fashion, we can suggest the use of the profile strategy (quadruple)  

N = (1, 2, 2, 0.87) 

which belongs to our strategic space, and, in a super-cooperative scenario, we can suggest the profile strategy 

K = (1, 2, 2, 1.08), 

which belongs again to our strategic space, where,  
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• the first component of any above quadruple, which belongs to the strategic interval [0,1], represents the production 

that McDonald’s decides to buy from the Research Joint Venture founded by McDonald’s and MW; 

• the second component of any above quadruple, which belongs to the strategic interval [1,2], represents investments 

for research and food production employed by MW;  

• the third component of any above quadruple, which belongs to the strategic interval [1,2], represents the production 

that RJV decides to buy from MW; 

• the fourth component of any above quadruple, which belongs to the strategic interval [0,2], represents the production 

that MW sells to the consumers. 

For example, the first strategy profile means that McDonald's decides to buy exactly a million pieces of innovative new foods 

from the Research Joint Venture founded by McDonald's and Muscle of Wheat, meanwhile Muscle of Wheat employs $2 

million in the investments for research and food production, at the same time the production that RJV decided to buy from 

MW, reaches 2 million pieces while, the production that Muscle of Wheat sells to the consumers is not the maximum possible 

production but a percentage indicated by the number 0.87. 

From an economic point of view, we are sure that the pure competition is not the right way to gain success, neither at individual 

level nor to global level. 

Food enterprises should decide not to “fight” with other small food companies to grab a good share of the market, but they 

have to cooperate to reach the maximum collective gain for them and for the social communities. Indeed, it's important, for a 

world looking to the future, to study what is the best combination of richness for enterprises and welfare for the community 

and our planet. 
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Abstract  

 
Companies have an increasing interest in limiting the ecological footprint of their products. This development is triggered by 

consumers, who find it increasingly important to buy environmental friendly and sustainable goods. There is a growing 

secondary repair market, mostly with centralized refurbishment locations. Which add transport costs since the products have 

to be transported to the centralized recycling location, often the manufacturer. As long as this refurbishment is centralized, 

the manufacturer will not only control the price of the new product but also the costs of repair. Therefore, competition within 

this market can be beneficial for consumers.  

One of the challenges that arise is how to deal with the Intellectual Property Rights (IPRs) of the proprietor. While several 

issues arise within the field of IPRs, this paper will focus on trademark rights.  

Companies distinguish themselves through the use of trademarks. If you buy a trademarked product, you expect to buy a 

certain quality. The question that arises with the secondary repair market is; how can the trademark proprietor still guarantee 

this quality if non-authorized repair companies enter the market? 

Trademark rights are exhausted the moment they enter a specific market. However, there are limits to this, especially when 

changes are made to the goods trademark proprietors have options to act against the further sale of the goods. 

Providing the latest version of goods via refurbishment is only possible if alteration of the goods is allowed. Trademark laws 

allow for repairing but only to restore it to its original conditions. Therefore, alterations or improvements of goods can lead 

to infringement of the trademark. Circular design focuses on creating products in a way, which allows updating the product 

via spare parts instead of replacing the whole product. This will only be a success if the updated part is compatible with 

previous versions. One of the questions that arise in relation to trademark law; how to inform the consumer that the product 

is upgraded. Is it enough that repair companies remove the trademark or make known that this is a refurbished product, an 

upgraded product or, should the secondary repair company make sure that the information cannot be removed to protect 

purchasers down the line. How should the right of exhaustion and the rights of the trademark proprietor be balanced.  

 

 

Keywords: trademark, secondary repair, circular economy 

1. Introduction  

The reuse of products and materials is a development that should be cheered on. Nevertheless, it also has downsides, this 

does not mean that the development should not be cheered on but there is a need to find solutions to these downsides. One of 

the problems with refurbished products is how to guarantee the quality of these products. An example of this are refurbished 

phones. The consumer association in the Netherlands investigated refurbished Iphones from different refurbishment 

companies and it turns out that 66% of the refurbished phones, that were tested, had malfunctions after they were 

refurbished.1 The buyer knows that buying a second hand object has risks but the buyer does assume that the product will 

work properly. 

Malfunction of refurbished goods has not only consequences for the buyer of the product but also for the original seller, the 

trademark proprietor. After refurbishing, the trademark is most of the time still visible. When not repaired correctly the 

brand of the trademark proprietor can lose value because the refurbished products, with the trademark still attached to it can 

have a lesser quality than the buyer may expect although the consumer is aware that he or she bought a refurbished product. 

There are several situations that can be problematic when refurbished products continue bearing a trademark. 

2. Methods 

This article provides some insights how repairing a good is allowed and when it is the cause of a trademark infringement. In 

order to do so, this article will address the limits of trademark rights and in order to limit its scope at the same time as 

proving a general overview of the subject, it will focus solely on European Union law, with Dutch cases been quoted as 

examples whenever relevant to give a more insight view of the topic. The choice of European law is justified on the basis 

that its decisions should be follow by EU countries giving a more general overview of the topic and using Dutch cases as 

examples will help demonstrate how member states approach the issue.   

                                                      
1 RTLZ, 2018. rtlz.nl, https://www.rtlz.nl/life/personal-finance/consumentenbond-refurbished-iphone-vaak-slechte-deal (accessed 

29.02.2018). 
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By analysing cases from various levels, the Court of Justice of the European Union, national Supreme Court as well as lower 

national courts it will become clear what are the limits and how the broader judgement of the higher courts are interpret by 

lower courts.  

Furthermore, this article will limit its discussion to the relation between the trademark proprietor and refurbishment 

companies. Thus, consumer protection will not be addressed, although the conclusion derived from this research might have 

a direct impact in enhanced consumer protection. Nevertheless, this should be seen as consequence of the research 

conducted and not its principal goal. 

Finally, this article will draw some practical solutions to the industry based on previous models that could possibly allow for 

better coexistence between the refurbishment industry and trademarks proprietors, reducing the number of infringements. 

3. Problem statement 

After goods have been put on the market with consent of the trademark proprietor, it is allowed to repair the goods with 

spare parts since the trademark right is exhausted.2 In principle, spare parts are allowed but these parts cannot under all 

circumstances bear the trademark. When is it allowed to use the trademark and how should consumers be informed about the 

fact that they are buying a product that is not repaired under the authorization of the trademark proprietor. Where is the 

balance between the rights of the trademark proprietor and the right to repair products bearing a trademark?  

Looking at the example in the introduction. There are several situations where trademark rights can be infringed. Firstly, 

there is the possibility that the camera on the back of the phone is broken and to repair this the whole backside needs to be 

replaced, is a repair company allowed to attach the trademark to the spare part, the original phone has clearly the apple logo 

and the word Iphone written on the back.  

Secondly, let us assume only the battery is replaced, nothing is repaired or changed on the visible part of the phone. Is there 

a need to remove the trademark from the outside because the product is altered and is not identical to the version that was 

put on the market by the trademark proprietor. Does the answer to the latter question change when the spare battery has a 

different quality than the original battery?  

4. Results and Discussion 

Trademarks are very valuable to the trademark proprietor, among else a trademark does increase awareness of consumers for 

brands and goods. The major goal of trademark law is to allow the consumer to verify the origin of the product. Besides this 

goal, the Court of Justice of the European Union has recognized other functions of trademark law that should be taken into 

account, one of these functions is the quality function.3 However, trademark laws are not put in place to allow the trademark 

proprietor to create a monopoly. Therefore, the rights are limited, one of these limitations is the exhaustion of trademark 

rights.  

Repaired goods 

Within the European Union, the right of exhaustion means that if the product bearing the trademark is put on the market in 

the European Economic Area with the consent of the trademark proprietor, the proprietor cannot prohibit the use of the 

trademark.4 This right is not unlimited, one of the exceptions is when there is a legitimate reason for the proprietor to oppose 

further commercialisation of the goods bearing the trademark.5 An example of a legitimate reason is the changed condition 

of the goods after they have been put on the market.6 Goods may be repaired with spare parts but there are limits, in other 

words, there are legitimate reasons for the trademark proprietor to oppose to further commercialization. The Court of Justice 

of the European Union has explained which reasons, at least, qualify as legitimate reasons. The court explained the matter in 

several decisions. 

The framework to determine whether the trademark proprietor has a legitimate reason to oppose to further 

commercialization is set in the following case. In Viking Gas A/S v. Kosan Gas A/S,7 the question was raised whether 

Viking Gas infringed the trademark of Kosan Gas. Kosan Gas produced refillable bottles with gas. Viking Gas did not 

produce bottles but only provided the refilling station and refilled, among else, the Kosan Gas bottles with Viking Gas, after 

which Viking Gas would apply a label to the bottle that the bottle was refilled with Viking Gas, without removing the Kosan 

Gas trademark. An important factor in this case is that the consumers who bought the Kosan Gas bottle would refill the 

bottle at the Viking Gas station, they were aware that they would refill their gas bottle with gas from a different company. 

Kosan Gas filed a claim of trademark infringement against Viking Gas. The Court of Justice of the European Union held: 

                                                      
2 Council Regulation 2017/1001, of 14 June 2017 on the European Union trademark [2017] L 154, art. 15 (1). 
3 Judgment of 19 September 2013, Martin Y pas, C-661/11, ECLI:EU:C:2013:577, par 58; Judgment of 22 September 2011, Budejovicky 

Budvar, C-482/09, ECLI:EU:C:2011:605 par 71; Judgment 22 September 2011, Interflora v. Marks & Spencer, C-323/09, 
ECLI:EU:C:2011:604, par 32. 
4 Council Regulation 2017/1001, of 14 June 2017 on the European Union trademark [2017] L 154, art. 15 (1). 
5 Council Regulation 2017/1001, of 14 June 2017 on the European Union trademark [2017] L 154, art. 15 (2). 
6 Council Regulation 2017/1001, of 14 June 2017 on the European Union trademark [2017] L 154, art. 15 (2). 
7 Judgment of 14 July 2011, Viking Gas A/S v. Kosan Gas S/A, C-46/10, ECLI:EU:C:2011:485. 
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 “that the sale of the composite bottle exhausts the rights that the licensee of the right to the trademark constituted 

 by the shape of the composite bottle and proprietor of the marks affixed to that bottle derives from those marks and 

 transfers to the purchaser the right to use that bottle freely, including the right to exchange it or have it refilled, 

 once the original gas has been consumed, by an undertaking of his choice, that is to say, not only by that licensee 

 and proprietor, but also by one of its competitors. The corollary of that right on the part of the purchaser is the 

 right of those competitors, within the limits set out in Article 7(2) of Directive 89/104, to refill and exchange the 

 empty bottles.”8 

The Court of Justice of the European Union continues and addressed the limits of article 7(2):9 

 “As regards those limits, it must be borne in mind that, pursuant to Article 7(2), the proprietor of a mark may, 

 despite the putting on the market of goods bearing his mark, oppose further commercialisation of those goods 

 where legitimate reasons for such opposition exist and especially where the condition of the goods is changed or 

 impaired after they have been put on the market. According to settled case-law, the use of the adverb ‘especially’ 

 in Article 7(2) of the directive indicates that alteration or impairment of the condition of goods bearing a mark is 

 given only as an example of what may constitute legitimate reasons”10 

In three different cases, the Court of Justice of the European Union11 had already established and confirmed that:  

 “damage done to the reputation of a trademark may, in principle, be a legitimate reason, within the meaning of 

 Article 7(2) of the Directive, allowing the proprietor of the mark to oppose further commercialisation of luxury 

 goods which have been put on the market in the EEA by him or with his consent.”12 

From this case, follows that a trademark proprietor cannot act against a consumer to go to a competitor per se, but the Court 

of Justice of the European Union underlines that this practice has its limits and that alteration to the product can constitute a 

legitimate reason, besides that the court confirms once again that changes made to the product are not the only legitimate 

reason a trademark proprietor can have. An important factor for allowing the alteration is that the consumer will be informed 

about the fact that the alteration is made without authorization of the trademark proprietor. The discussed issue is only part 

of the problem. In the case discussed the product, the gas, itself did not bear the trademark the bottle, the packaging, did.  

Another issue that arises is when the part that is changed itself bears the trademark. Is the repair company allowed to attach a 

copy of the trademark to the spare part to reinstate the product to its original appearance, without the necessary authorisation 

of the trademark proprietor. This issue was the subject of a case between Ford and Wheeltrims. Under the European design 

law13 there is a so called ‘repair clause.’14 This clause allows a repair company to produce spare parts to restore the product 

in its original appearance, which in principle would infringe the model right. The question arose whether this clause would 

extend to trademark law. This problem became apparent in a case about wheel trims. In this case, the line between design 

law and trademark law was established. Is a repair company, not being the trademark proprietor, allowed to use a trademark 

on a spare part if this is needed to restore the original appearance of the product?  

On the 6th of October 2015, the Court of Justice of the European Union handed down its decision in the case Ford motor 

Company v. Wheeltrims srl.15 Ford a manufacturer of cars and accessories and replacement parts for such vehicles, identifies 

its products by affixing its Ford trademark to the products.16 Wheeltrims a supplier of replacement parts for motor vehicles, 

among else, replacement parts for Ford vehicles. Wheeltrims applies the trademark of the different brands to its replacement 

parts without the necessary authorisation of the trademark proprietor, in this case Ford. Besides the wheel covers with the 

trademarks attached Wheeltrims also sold, for a lower price, wheel covers without trademarks.17 Ford brought an action of 

infringement against Wheeltrims. Wheeltrims brought a defence based on the ‘repair clause’ in the European Design 

Regulation.18  

The Court of Justice of the European Union came to the conclusion that article 110 of the Design Regulation19 is: 

 “not allowing, by way of derogation from the provisions of Directive 2008/95 and Regulation No 207/2009, a 

 manufacturer of replacement parts and accessories for motor vehicles, such as wheel covers, to affix to its products 

                                                      
8 Judgment of 14 July 2011, Viking Gas A/S v. Kosan Gas S/A, C-46/10, ECLI:EU:C:2011:485, par. 35. 
9 Council Directive 89/104/EEC of 21 December 1988 to approximate the laws of the Member States relating to trademarks [1989] L 040, 

art. 7(2).  
10 Judgment of 14 July 2011, Viking Gas A/S v. Kosan Gas S/A, C-46/10, ECLI:EU:C:2011:485, par. 36. 
11 Judgment of 23 April 2009, Copad, Case C-59/08, ECLI:EU:C:2009:260, par. 54; Judgment of 4 November 1997, Parfums Christian 

Dior, C-337/95, ECLI:EU:C:1997:517 par. 43; and Judgment of 23 February 1999, BMW, Case C-63/97, ECLI:EU:C:1999:82, par. 49. 
12 Judgment of 23 April 2009, Copad, Case C-59/08, ECLI:EU:C:2009:260, par. 54. 
13 Council regulation (EC) No 6/2002 of 12 December 2001 on Community designs [2002] L 003, Art 110. 
14 Council regulation (EC) No 6/2002 of 12 December 2001 on Community designs [2002] L 003, Art 110. 
15 Judgment of 6 October 2015, Ford Motor Company v. Wheeltrims srl, C-500/14, ECLI:EU:C:2015:680. 
16 Judgment of 6 October 2015, Ford Motor Company v. Wheeltrims srl, C-500/14, ECLI:EU:C:2015:680, par. 21. 
17 Judgment of 6 October 2015, Ford Motor Company v. Wheeltrims srl, C-500/14, ECLI:EU:C:2015:680, par. 22. 
18 Council regulation (EC) No 6/2002 of 12 December 2001 on Community designs [2002] L 003, Art 110. 
19 Council regulation (EC) No 6/2002 of 12 December 2001 on Community designs [2002] L 003, Art 110. 
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 a sign identical to a trademark registered for such products inter alia by a producer of motor vehicles, without 

 obtaining the latter’s consent, on the ground that the use thus made of that trademark is the only way of repairing 

 the vehicle concerned, restoring to that complex product its original appearance.”20 

From this decision, it becomes clear that the ‘repair clause’ in the European Design Regulation only is an exception to  the 

European design right and does not deteriorate the trademark rights set out in the Trademark Directive and Regulation. Spare 

parts may be used and products may be repaired but attaching the trademark to these spare parts is not allowed.  

Changed goods 

In the cases discussed above the quality of the goods were not changed per se. When the goods are not only repaired but the 

quality of the goods changed due to the repair other issues surface. Consumers do not only recognise a brand but can also 

attach a certain value to it. Brand A is widely known for its high quality products, brand B is widely known for its low 

prices. In some cases, the consumer has a quality rating in his or her head the moment they see a trademark. If the product 

bearing this trademark is altered and does not live up to the expectations the consumer had it is most likely, that the 

consumer will not buy this brand again.  

In the cases discussed, the spare parts were used to repair the product and reinstate it in its original form and appearance. The 

use of trademarks on spare parts can be problematic but what happens when the product is not only repaired but also altered? 

The Regulation21 gives the trademark proprietor the right to oppose further commercialization of the goods when there are 

legitimate reasons.22 The law gives as example that a legitimate reason is apparent when the condition of the goods is 

changed or impaired after the goods have been put on the market.23 Impaired does imply that the quality of the goods have 

deteriorated, changed implies every change made to the product whether or not the quality is the same. This would mean that 

the trademark proprietor could oppose commercialisation of all goods, bearing his trademark, which are altered in a way. In 

practice, this is not the case.  

The Supreme Court of the Netherlands in its decision AP v. Valeo24 came to the conclusion that the question whether or not 

the trademark proprietor could oppose against the further commercialisation of the goods depended on the nature and size of 

the changes in the product and whether or not these changes were significant.25 The question that needs to be answered is 

whether or not the goods still are the same goods that were put on the market with the consent of the trademark proprietor. 

And the person who put the revised goods on the market has to prove that removal of the trademark was not possible without 

damaging the technical reliability or practical usability of the goods or that there were other reasons why it is unreasonable 

to ask to remove the trademark from the product.26  

Although this case was decided on Benelux trademark law. It is accepted that the decision was taken in light of the 

upcoming trademark regulation.27 

In a case decided by the district court in The Hague, EPAL v. Wijnmaalen28 the court had to answer the question if EPAL, as 

the trademark proprietor, could oppose the further sale of revised EPAL pallets by Wijnmaalen. Important is that 

Wijnmaalen did not use the approved nails to repair the pallets, which changed the condition of the pallets, the pallets did 

not comply anymore with the UIC codes after repair.29 Wijnmaalen does not remove the EPAL trademark from the pallets, 

something that could have been done without damaging the goods. Wijnmaalen also does not inform the consumer that the 

pallets are not original EPAL pallets, but EPAL pallets that were revised by Wijnmaalen. The court decided that this gives 

EPAL a legitimate reason to oppose further sale of the pallets by Wijnmaalen. The defence Wijnmaalen brought, namely that 

consumers who bought the pallets from Wijnmaalen of course knew they were buying revised goods was not accepted by the 

court. The court considered that when the pallets would be resold the buyers would not be aware of the fact that the pallets 

were revised.30 From this case, it becomes clear that the difficulty to remove the original trademark and to make known to 

the consumer that the product is revised is of the essence when it comes to repaired good bearing the original trademark. 

This message should not only reach the first buyers but should also protect future consumers from post-sale confusion. 

Another case from the district court The Hague is an example where the change was of such a nature that the trademark 

proprietor could oppose against further commercialisation. In the case, Stanley Black and Dekker v. HBL31 the court decided 

that Black and Dekker could oppose against the further commercialisation of the products sold by HBL with the DEWALT 

trademark, which was owned by Black and Dekker. The court ruled that Black and Dekker had a legitimate reason because 

HBL bought DEWALT products destined for the market in Great Brittan, HBL would change the goods by removing the pin 

                                                      
20 Judgment of 6 October 2015, Ford Motor Company v. Wheeltrims srl, C-500/14, ECLI:EU:C:2015:680, par. 45. 
21 Council Regulation 2017/1001, of 14 June 2017 on the European Union trademark [2017] L 154. 
22 Council Regulation 2017/1001, of 14 June 2017 on the European Union trademark [2017] L 154, art. 15 (2). 
23 Council Regulation 2017/1001, of 14 June 2017 on the European Union trademark [2017] L 154, art. 15 (2). 
24 Judgment of 15 March 1991, AP v. Valeo, NJ 1992, 405, ECLI:NL:HR:1991:ZC0172. 
25 Judgment of 15 March 1991, AP v. Valeo, NJ 1992, 405, ECLI:NL:HR:1991:ZC0172, par. 44. 
26 Judgment of 15 March 1991, AP v. Valeo, NJ 1992, 405, ECLI:NL:HR:1991:ZC0172, par. 45. 
27 Verkade, Annotation Judgment of 15 March 1991, AP v. Valeo, NJ 1992, 405, ECLI:NL:HR:1991:ZC017220, par. 20. 
28 Judgment of 4 January 2012, EPAL v. Wijnmaalen, HA ZA 10-3-487. 
29 Judgment of 4 January 2012, EPAL v. Wijnmaalen, HA ZA 10-3-487, par. 4.12. 
30 Judgment of 4 January 2012, EPAL v. Wijnmaalen, HA ZA 10-3-487, par. 4.14. 
31 Judgment of 10 August 2017, Black and Dekker v. HBL, C-09-533701-KG ZA 17-723, ECLI:NL:RBDHA:2017:8947. 
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from the cord used in Great Brittan and attach a pin to the cord used in continental Europe. The consequence was that the 

cord would be shorter and the insulating material of the cord would decrease in quality. According to the specialist heard in 

the case the products were not dangerous or inferior from a mechanical point of view in comparison with the original 

products. The specialist went on that this does not mean that the goods are not from a lesser quality than the original.32 The 

district court concluded that the DEWALT products in this case had an inferior quality after the changes were made this 

gave Black and Dekker, the right to oppose against further commercialisation of the goods.33 According to the district court, 

refurbished goods can become inferior to the original goods also if the goods did not become inferior in a mechanical point 

of view. Therefore a lesser quality can be in the comfort of using the product, in the mentioned case, among else, a shortened 

cord. This change can be a legitimate reason for the trademark proprietor to oppose against further commercialization of the 

goods.  

The cases above show that changes made to a product, which will not lead to a mechanical inferior product still, can lead to 

a significant change in the product that will give the trademark proprietor a legitimate reason to oppose against further 

commercialisation of the changed goods. 

5. Conclusions 

On the one hand, there is the call to reuse more products to decrease the amount of raw materials that are used. On the other 

hand, the manufacturer of the product, the trademark proprietor, wants to build a brand as strong as possible and one key 

factor is the quality of the products sold under the trademark, therefore the trademark proprietor wants to keep the repair of 

its products under its own authorization. However, the intellectual property rights are not unlimited. The European design 

regulation has a ‘repair clause’, which allows others than the model right proprietor to repair the product that is protected by 

the model right. As discussed, this exclusion does not extend to trademark law. It is allowed to repair a product but it is not 

allowed to attach a copy of the trademark, without the authorization of the trademark proprietor. In the case of the wheel 

trim, this meant that the part only could be repaired in a different appearance than the original wheel trims.  

In the case where a product is not only repaired but also altered, it should be made clear to the consumer. In principle, the 

trademark should be removed from the goods, but when this is not possible, because the goods would be damaged the repair 

company should make clear to the consumer that it is an altered product and it are not the same goods anymore as the 

original goods that were put on the market by the trademark proprietor. When assessing whether or not the consumers are 

informed properly the further sale of the goods should be kept in mind. This last requirement that post-sale confusion should 

be avoided is one that is not fully implemented in practice yet. The question now is how should the refurbishment company 

inform the consumers to avoid trademark infringement.  

If we take the example of the phone again. Consumers know they buy a refurbished phone. These phones will still bear the 

trademark since most phones have been repaired on the inside or the front cover. The question is whether the changes that 

have taken place are significant what if a different kind of battery compared to the original is inserted, or after the repair, the 

phone has significantly decreased its reaction time. If this is the case, the trademark proprietor has a legitimate reason to 

oppose against further commercialisation. Also with a lot of refurbished products, the consumer knows that he or she will 

buy a refurbished product. For example, when you buy a phone from a web shop the website will inform you that it is a 

repaired phone but when this same phone is sold over e-bay the next buyer is not aware it is a refurbished product since most 

of the time it is not visible on the phone itself. The information should therefore be attached permanent to avoid post-sale 

confusion. It is possible to repair products and not infringe trademark rights but several guidelines should be followed.  

A possible solution could be drawn from the trademark system as it is. The Nice classification system makes it easier, for 

companies, to describe for what kind of goods the trademark will be used. By creating a similar classification, system to 

categorize whether a good is repaired or changed, and possibly what has been changed. This code should then be attached to 

the good to inform consumers.  
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Abstract 

Food safety and quality are a real concern for conscious consumers worldwide who seek products with environmental and 

social standards in their production. Some of these standards have become cause of economic and social exclusion from 

exquisite value chains. In order to create an alternative standardization for organic products, organized producers have 

created a social certification processes such as the Participatory Guarantee Systems (PGS) which is more inclusive with the 

participation of all actors of the organic value chains. Familia de la Tierra is an umbrella farmer’s organization in Bogota, 

Colombia that groups sixteen organizations that produce organic products in the country. Utopia farm is the star farm of 

Familia de la Tierra which is characterized by producing organic seeds, vegetables, and fish. This organic production is 

controlled and monitored by the PGS committee that certifies the farms through a participatory certification. In the short 

organic chain of Familia de la Tierra, product and process upgrading were identified that helped to positioning Familia de la 

Tierra´s products into organic commercial channels at Bio-Shops, organic basket distribution, private school purchasing 

program and gourmet restaurants. Gourmets’ restaurant played an important role for Familia de la Tierra because they 

promoted their organic production into the specialty dishes they prepare for conscious consumers and they are also part of 

the PGS committee. In a globalized world the modern agriculture rules the food production. Colombia is not the exception, 

multinationals standards the agriculture imposing farmers to buy genetic modified seeds and the cocktail of chemicals to 

produce them causing environmental and health problems. In this context, Familia de la Tierra surges as a good 

environmental, conscious and inclusive example for organic production in Colombia and stresses importance of the Cuisine 

Approach in order to promote and sell their products directly to intermediaries and consumers.  

  

Keywords: organic production, value chain upgrading, Participatory Guarantee System, Cuisine approach, Gourmet 

restaurants 

1. Introduction  

In the last decades, food safety and quality have been given much more attention, both for consumers and policy makers. A 

number of reasons, not completely investigated, have driven this market trend. The most feasible explanations assigns the 

main responsibility of the emerging interest in the food quality and safety issues and the latest food scandals in the North 

such as the Mad Cows Disease (Europe and The United Kingdom) and E. coli outbreaks (USA) that shaped the people’s 

concerns on what they eat (Nauta et al.,2001; Matsuoka and Sorenson, 2013). In a globalized world the food quality 

standards communicate to consumers the product composition, origin, and certification. The accomplishment of these 

standards guarantees their commercialization at markets most of them in the North, for example, in the organic and fair-trade 

networks in Europe and USA (Ponte, 2004). For these reasons, organic production was a secure alternative for eating healthy 

for concerned consumers (Browne et al., 2000). The growth of the organic agriculture since 1990 showed a 50% increase of 

the certified organic area worldwide (Willer, 2008). The certification was created as an instrument for transaction costs 

reduction in order to allow organized producers export their produce according to production and process standards. Once, 

these certification standards were developed, costs increased abruptly for small producers (Mendez et al., 2008). The 

“hidden barriers” are the certification standards do not permit the entry of small producers to specialty markets due the lack 

of money to pay certification services and fees (Murray et al., 2006). This trend did not show the embedded problem, that 

small producers in the South face at production such as the economic and social discrimination if they are not certified 

(Ibanez, 2010 and Breukers, 2015). The social and economic discrimination of potential producers that cannot fulfil the 

demanding social, economic and environmental standards of those third party certification agencies ask is the principal 

reason that excludes small producers from specialty value chains (Lopez Rosse, E. 2013). In order to create an antagonist 

measure, the alternative certification driven by social movements, NGOs and other civilian networks or movements, to 

promote the economic and social inclusion of small producers and the development of new participatory legal frameworks 

based on International Federation of Organic Agriculture Movements (IFOAM’s) guidelines and created by all the actors. As 

a matter of fact, the third party formal certification process represented a burden for small producers that looked for another 
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alternative certification through the participatory certification (Lizano et al., 2007). An outstanding example are the 

Participatory Guarantee Systems (PGS) for organic products (Soto, 2005). PGS have been developed by social movements, 

NGOs, producer associations such as REDE AGROECOLOGICA ECOVIDA from Brazil since 1995 and the results were 

disseminate around the world. PGS are locally focused quality assurance systems for organic products at urban and rural 

scenarios involving all the actors present at the value chain even consumers (Meirelles, 2005). Furthermore, the National 

Technical Norms for Participatory Guarantee Systems of The Plurinational State of Bolivia (Chapter IV Title I Art. 8 Inc 1) 

defines a PGS as "an alternative system recognised in the art 23 of the National Law 3525 for organic products certification 

for local and national commercialization in which participate a group of organised actors that interact by themselves under 

the PGS's principles such as confidence, transparency, horizontally in order to guarantee the organic production, processing 

and commercialization in a participatory way" (Plurinational State of Bolivia 2012). 

In Colombia, Familia de la Tierra is a small-scale organic farmer association (peasants, indigenous, citizens) that works in 

the commercialization and distribution of their products for conscious consumers offering high quality products. They also 

work on the seed conservation and in the processing of ancestral and traditional foods as well as the political lobbying in 

order to create conscience on environmental friendly agriculture in Colombia (Ari and Jaime). The aim of this study is to 

examine the role of the Participatory Guarantee System in the experiences of the Familia de la Tierra network and the 

involvement of service providers (Cuisine Schools, NGO) and consumers in the development of short organic value chains.  

2. Methods 

The model that promotes Familia de la Tierra consists in spaces for production and community labour on rescuing, 

producing, conserving native seeds, organic farming practices for food production, processing and marketing. Jaime and Ari, 

are a couple of this association and they live at the Utopia Farm called “Finca Madre1” (Mother Farm). It is called so 

because the farm is oriented to produce seeds for associates and experimentation of native seeds. Also is a place to visit for 

ecological-tourist activities. Jaime is the president of Familia de la Tierra and Ari is her partner and both raise their family at 

the farm.  They cultivate beans, potatoes, horticultural products and also raise trout that are fed with by-products of the farm 

(Figure 1). Ari besides being in charge of her children sows and harvests potatoes and vegetables which are used to elaborate 

chips to be sold at organic stores at Uzaquen (the richest neighbourhood of Bogota) such as Bio Plaza Stores and for private 

schools.Primary information collection was made in June 2015 and the used methodological approaches were semi-

structured interviews with key informants and participant observation. A total of 10 interviews were made at different actors 

(producers, processors, distributors, service providers and consumers). Some guiding questions for producer at Familia de la 

Tierra were: How does the peer to peer certification is working?, What is your participation in the certification committees at 

your organizations, What kind of services do you have available?, What services you require the most and why?. The 

guiding questions for processors are: What products you require from Familia de la Tierra and what for?, What is the process 

upgrading you apply for your enterprise?, What kind of services you need to upgrade?. The guiding questions for distributors 

are: What products of the Familia de la Tierra do you commercialize the most?, How do you describe your consumer?, What 

upgrading is being done lately?. For service providers some guiding questions are: What kind of services you offer to your 

customers?, and What are the costs for those services?. For consumers some guiding questions are: Why do you buy organic 

products?, How often do you buy organic products and in what places?, What do you expect for future trends in organic 

offer from Familia de la Tierra?. 

                                                      
1
Utopia Farm islocated at Vereda El Verjon, roadway to Choachi through La Calera (around 20 km from Bogota downtown) 
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Figure 1.Organic potatoes and lettuce at Utopia Mother Farm (Lopez Rosse, E. 2015) 

3. Results and Discussion 

Organicagriculture in Colombia and Familia de la Tierra 

In a challenging environment for Colombian producers that should buy multinational seeds to produce food and the lack of 

laws to promote the organic and sustainable production in its territory, there are endeavours carried by organized civil 

movements to change people’s choices in what are they are eating. In spite of this situation producers had managed to 

organize themselves into associations and networks. Familia de la Tierra is a network that seeks the production and 

commercialization of organic products at the surroundings of Bogota city. According to the last report of organic production, 

Colombia has 31621 hectares representing the 0.56% of certified organic land (Willer and Lernoud, 2016). In contrast, the 

organic production in Colombia is low with other neighbours (Ecuador and Brazil).  

Table 1. Organic agricultural land (including in-conversion) in South America 2014 

South America Total of organic hectares: 5603752 

Hectares Percentage (%) 

Argentina 3061965 54.64 

Uruguay 1307421 23.33 

Brazil 705233 12.58 

Peru 263012 4.64 

Plurinational State of Bolivia 114306 2.03 

Paraguay 54444 0.97 

Ecuador 45818 0.81 

Colombia 31621 0.56 

Chile 19932 0.35 

Excerpted and transformed from: Willer,H., and Lernoud, J (2016) 

Familia de la Tierra is composed by 16 organizations from Colombia since 1994. During these years, they have worked 

lobbying for the legalization of the organic production in Colombia organizing producer to producer meetings. In 2009, 
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Familia de la Tierra network lobbied the first partnership with the economic development secretariat to conduct market 

research for peasant and indigenous produce in Bogota. In 2012 a progressive development policy called “HUMANE 

BOGOTA” helped to develop guidelines for making the city sustainable through land use planning and to protect against the 

entry of genetic modified seeds into urban kitchens. Also, Familia de la Tierra seeks to devise alternative production model 

to demonstrate their sustainable approach through Participatory Guarantee System (PGS). The PGS was the tool to 

differentiate organic production from the conventional which is based on IFOAM’s PGS guidelines.  

The Familia de la Tierra Network’s PGS has served to reconnect final consumers with the natural capital (seeds, food) which 

was useful to get the involvement of these actors into the short organic value chain building trust and reciprocity between 

producers and final consumers. The principal constraint that faced Familia de la Tierra when they began commercializing 

their products in 2009 was the lack of confidence of restaurant owners and managers in the organic products they produce 

due to they did not have a third party certification. In order to come over this constrain the PGS helped to involve into the 

certification process to service providers such as chefs, managers and owner of these gourmet restaurants (Nieto, 2016). 

The principal commercialized products from Familia de la Tierra are fresh vegetables (Figure 1). Other processed products 

are dried yacon (Smallanthussonchifolius L.), chocolate, organic panela and coca (Erythroxylum coca L.) noodles in order to 

diversify the production and enable domestic and national producers to be part of the Familia de la Tierra Network (Figure 

2). Familia de la Tierra also invites consumers to visit their farms touring them into productive infrastructure to do a 

collective verification process. Then a fresh lunch is prepared for visitors organized by producers and chefs from the most 

prestigious gastronomic school in Bogota. These collective visits last for about 4 hours. Since 2013, 8 verification visits 

involving 117 people were made which lead to 35 certified farms that gained access to 18 gourmet restaurants and 7 eco-

shops (Figure 3).   

 

Figure 2. Organic chocolate and panela at Bio-Plaza Eco-Shop in Uzaquen (Lopez Rosse, E.2015) 

 

 
Figure 3.  The Bio Plaza Eco-Shop at Uzaquen in which the variety of organic fresh produce and fruits are on exposition on 

trays for consumers (Lopez Rosse, E. 2015) 
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Upgrading in the short organic value chain  

The Familia de la Tierra organic value chain is characterized by the product and process upgrading. Product upgrading 

consisted in the production of organic products such as vegetables, seeds and fish in the association’s farms in different 

territories of Colombia (Giuliani et al., 2005). The organic production follows the production’s standards of the IFOAM 

which guarantees the organic production at any farm. The process upgrading is characterized by participatory certification in 

which all actors are involved and an instrument is the Participatory Guarantee System (PGS) which involves all actors in the 

chain. Another process upgrading is the direct marketing of organic products which is done by the ready-to-buy baskets and 

the purchasing private school program. The baskets consist in three different baskets with organic products which are sold 

by email or telephone calls with secure costumers. On the other hand, the purchasing private school program was created in 

2015 involving Familia de la Tierra and a private school (Nueva Granada). This purchasing program consist in the 

commercialization of native organic potatoes chips from Familia de la Tierra’s farms in the school’s kiosk.  

Cuisine approach and short organic chains 

An outstanding innovation is the gastronomic consideration of native foods such as quinoa (Chenopodiumquinoa L.)into the 

gourmet restaurant’s menus. Familia de la Tierra has an interesting means of selling their produce through short chains, for 

example, they sell their horticultural produce directly to gourmet restaurants and a Cuisine School named ¨Mi Cocina¨ at 

Bogota city (Figure 3). This experience was useful for Familia de la Tierra to create new bonds with potential buyers who 

sell their produce on entrees, plates and salads and benefit from the organic origin. This is a clear example of a well-

organized short chain which is characterized by a very good communication and coordination between producers and 

consumers (Aubry and Kebir, 2012). The private sector also helped in the positioning the cuisine approach because it is the 

main consumer of organic products. Gourmet restaurants had been thriving in response to new demands for healthy food 

driven by tourist and environmental activist in the city. Innovation is a strategy in order to create new dishes, for example, 

chefs prepare gourmet plates using local flowers such as retamas (Figure 4) and they also prepare traditional recipes such as 

pasteles and rellenos made of organic mandioca and potatoes (Figure 5).  

 

Figure 4. Preparation of gourmet plates for visitors to Utopia Farm and use of retama´s flowers for food (Lopez Rosse, 

E.2015) 

 

Figure 5. Tasting new flavours of organic potato rellenos and mandioca pasteles at MiCocina(Lopez Rosse, E.2015) 
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Participatory Guarantee System  

The organic production and processing is guaranteed by the Participatory Guarantee System (PGS) which is a process for 

creating credibility through commitment and participation of all stakeholders involved into organic chains and it is based on 

an assurance by a network of people and organizations involved in the production, distribution and consumption, use of the 

product or service with co-responsibility to guarantee the quality system (Fonseca, 2005). PGS programs are based on major 

organic guidelines such as IFOAM’s. In case of The Familia de la Tierra the certification process includes the collection of 

social, economic and environmental indicators about farms, families, and the inspections are made by groups of actors that 

verify the standards and then certify (social control). In Colombia there are many organizations (peasants, urban agriculture) 

that are developing ecological processes in the framework of food sovereignty and the conservation of the environmental 

and cultural heritage. These organizations seek that food will be of high quality, safety for their own families as well as the 

consumers. In order to control and monitor this organic production, participatory guarantee systems were developed and 

adopted many names such as participatory certification, living agreements, trust seals, and communal certification. 

In the Colombian legal framework is established the third party certification as the unique valid process to guarantee the 

organic production and its commercialization which do not allow small scale farmers to be inserted into the organic value 

chains  In spite of this trend, there are some social movements that started a neoliberal contra-movement that consists in 

sharing seeds, experiences in an horizontal way in where all actors are involved into Win-Win relationships and not into a 

vertical and hierarchal integration in which the power is concentrated by trans-nationals over the small scale farmers 

resulting in social and economic exclusion. 

4. Conclusions 

Outstanding and solid core Win-Win relationships between producers and consumers: Producers benefit directly from price 

stabilization, product and process upgrading along the short chain, access to entrepreneurial and technical services and 

differentiation of their products. On the other hand, consumers benefit of the access to organic products, to be part of the 

certification process.  

The Cuisine approach is a means to connect chefs to producers directly through the organic short chain and an instrument to 

create awareness for conscious food consumption and participatory certification is the verification process that allows all 

actors to be informed and be part of the whole system.  

The organic Colombian farmers need a much more favourable political arena from national and local government levels in 

order to reinforce the short and direct value chains of organic products. 

In spite of the existence of private PGS, there is no legal framework for organic production as the Law 3525 for the organic 

agriculture promotion at Bolivia. The lack of promoting organic legislation in Colombia is restraining the development of 

this sector.  

Demand-driven endeavours involving the Gourmet Cuisine Restaurants that acquire the organic products from Familia de la 

Tierra farms create incentives and opportunities for small farmers. 

Familia de la Tierra must work the Participatory Guarantee System sealing in order to add specific information on origin 

(traceability) of the products. They should develop a PGS seal that communicates to consumers the origin, social, 

environmental, economic standards as a consumer’s right.  

Policy makers must focus on the provision of more suitable technical, entrepreneurial and financial services for small 

producers. 
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Private service providers must develop an intelligence market centre for organic products in order to reduce transaction costs 

for producers and consumers, coordinate collection and distribution of organic products. 
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 And…after? 
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Abstract 

In light of the conference on the general theme of “Action for a sustainable world” the term “Food security” encourages 

forecasts. Food insecurity is a present issue, and is likely to worsen in the coming decades. Most scientists think that global 

food security is threatened by certain ongoing or future changes (identified differently depending on the authors). The other 

part of the conference’s theme “from theory to practice” forces us to examine the practices implemented to strengthen food 

security or – failing that- encourages us to scan the practical solutions advised by authors, in such a way that we propose a 

critical review of literature regarding food security linked with agriculture. The relationship between food security and 

agriculture is not straightforward on a local scale. Indeed, it is acknowledged that the conjunction of armed conflicts and 

climate disasters is the leading cause of malnutrition and food insecurity (FAO, 2017). However, on a world or continental 

scale, long-term food security is secured only by flourishing agriculture. To link food security and agriculture, we focus our 

literature review on a wider scale (world, continent, country) only. Moreover, we consider two time-scales around the 2050s 

and the 2100s. We sorted the papers according to the kind of envisioned change: i) continuation of past trends (OECD-FAO, 

2017); ii) changes in physical factors only [via temperature and precipitations (Lobell et al., 2008), or via other effects of 

climate change (Calzadilla et al., 2010; Vincent, 2015; Quasem Al-Amin and Ahmed, 2016)]; iii) changes also relating to 

economic factors (Adams et al., 1998); or iv) relating to social factors (Dalhberg, 1994). The authors suggest various 

solutions, which we present in ascending order of societal structural changes. There are shifts in i) international trade of 

agricultural commodities (e.g. Calzadilla et al., 2011); ii) in agricultural practices alone: from the simplest modifications 

(Lobell et al., 2013; Burke and Lobell, 2010 ) to revolutions including high-tech and biotechnologies (Tait and Morris, 2000; 

Godfray et al., 2010); iii) in consumption practices: from the reduction of meat-based diets (Garnett, 2015) to extreme 

behaviors in extreme conditions (Denkenberger and Pearce, 2015). The most radical solutions are: iv) disruption of 

agricultural structures and practices (e.g. Altieri et al., 2015; Malézieux, 2012); and v) paradigm shifts and renewal of whole 

social structures (Dalhberg, 1994; Handoh and Hidaka, 2010). In general, authors acknowledge the physical factors to be 

more compelling for the farther horizon (2100) than for the nearer one (2050). However, the conclusions are not 

homogenous. For some authors, the adaptation will require more effort in the long term than now (i.e. we can wait). For 

others, the “adaptation” requires immediate and decisive actions for huge shifts involving agriculture, society and ways of 

life. The review highlights the rift among scientists, between authors proposing affordable solutions for agriculture and 

undemanding for the rest of the society, and those authors advocating a paradigm shift and new social structures, to address 

challenges of food security. 

 

Keywords: food security- agriculture- solutions -forecast- climate change  

1. Introduction  

“The future will likely look like the pre-industrial era, the only difference being that we will go on with innovation and 

development of new techniques…compatible with “solar” limits.” (Servigne, 2013). 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

683



In light of the conference on the general theme of “Action for a sustainable world” the term “Food security” encourages 

forecasts, with at least three concerns. Food insecurity is a present issue1, and is likely to worsen in the coming decades, 

especially in developing countries, where productivity may be reduced three times faster than in developed countries by 

2050 (IPCC, 2007; Calzadilla et al., 2010). More generally, most scientists think that global food security is threatened by 

certain ongoing or future changes (identified differently according to the authors). Whatever the point, the issue of food 

insecurity involves humankind as a whole, because the pace of the exploitation of planet’s resources does not allow for self-

renewability. From the Paleolithic to the present day, per capita food energy demand has increased 5-fold (Simmons, 1989). 

The other part of the conference’s theme “From theory to practice” forces us to examine the practices implemented to 

strengthen food security or – failing that- encourages us to scan the practical solutions advised by authors, in such a way that 

we propose a critical review of literature regarding food security linked with agriculture, and the proposed solutions.  

2. Methods 

The relationship between food security and agriculture is not straightforward on a local scale. Indeed, it is acknowledged that 

the conjunction of armed conflicts and climate disasters is the primary cause of malnutrition and food insecurity (FAO, 

2017). However, on a world or continental scale, long-term food security is secured only by flourishing and productive 

agriculture. To enable a direct link between food security and agriculture, we choose to focus our literature review on a 

wider scale (world, continent or country) only. Moreover, we consider two time-scales: one around the years 2030-2050, and 

the second around 2080-2100.  

Discussions about food security on a large scale depend on the kind of envisioned change. We sort the papers on the 

following basis: i) no consideration of specific changes; ii) changes are taken into account regarding the physical factors 

only [via temperature and precipitations only or via other effects of climate change]; iii) changes also relating to economic 

factors; or iv) social factors. We sort the envisioned solutions in accordance with the required magnitude of disruption of our 

present way of life. 

3. Results and Discussion 

This paragraph sets out the variety of factors taken into account to deal with changes in food security and/or agriculture, the 

variety of proposed solutions, and the messages delivered for various deadlines, before proposing the final discussion.  

a. Consequences of changes in terms of Food Security 

The consequences of the changes depend on the nature of the envisioned changes: either continuation of past trends; or 

considering physical factors only; or dealing also with economic factors; and finally accounting for social factors.  

Continuation of past trends 

Some authors deal only with the continuation of past trends. This is the case of the report (OECD-FAO, 2017), which 

envisions the world agricultural yield until the year 2026. The report explicitly states that it does not account for hazards 

like: “new pests and diseases, [of] increased variability in yields caused by climate change, and uncertainty around policies 

(page 54)”. The authors guess that- in the future- the variability of the factors will remain in the same range of values as in 

the recent past. Moreover, their modeling forecasts of agricultural yields are determined by the demand side (for food, feed, 

biofuels, etc.). It is therefore assumed that food insecurity will remain at its present level. Conversely, Godfray et al. (2010) 

tackle the issue of the necessary strategies to be developed in order to feed 9 billion people in 2050. Nevertheless, as with the 

former report, they do not consider other changes than world population growth, and its correlated food demand, caused by 

the attainment of a better standard of living.   

                                                      

1
 In 2016, the number of under-nourished people in the world was on the rise, as it has been since 2014 (FAO, 2017). 
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Only new physical factors are considered 

Other authors account for some physical factors of change, but without considering the economic and social factors. Among 

them, the models by (Lobell et al., 2008) deal only with the average temperatures and rainfalls envisioned for 2030. They 

stipulate that the rise in temperatures might be of benefit to the agriculture of some northern regions, and acknowledge that 

food insecurity will be an issue for some regions, including those already suffering from this scourge. Vincent (2015) 

reminds us that “the low latitudes are particularly sensitive, because of large negative sensitivity of crop yields to extreme 

daytime temperatures around 30°C [-]. Production levels of major crops such as wheat, maize, and rice are projected to 

decline from 2050”, which would entail dire consequences for the poor. According to Quasem Al-Amin and Ahmed (2016), 

climate change is the real food insecurity problem for the developing world, where agricultural production may be reduced 

by 10-25% by 2080, in the “business-as-usual” scenario. These authors are specifically involved in studying the Malaysian 

food security by 2065, and account for the damages caused by the yearly average temperature and rainfall fluctuations, the 

increase in CO2 emissions, and the feedback on temperatures.  

Agronomists could claim that plants are sensitive to extreme temperatures (and not to average ones) (MODEXTREM, 2016), 

and explain that it would take many years of investment and work to replace tundra with fertile soil (Dalhberg, 1994). 

Change dealing with economic factors also 

Adams et al. (1998) present a review of works which consider long-term economic effects of yield losses because of Global 

Warming (around 2050-2060), in order to discuss the potential patterns in food production and prices. They acknowledge 

that most studies do not incorporate some impacts “such as changes in the incidence and severity of agricultural pests and 

diseases and changes in soil erosion”. All the same, they state that “few studies consider the effects of changes in the 

frequencies of extreme events such as droughts and floods, or changes in climatic variability.”(page 29). The authors are 

more interested by the effect of Global Warming upon the economic welfare of the average American citizen, than by food 

insecurity itself. Calzadilla et al. (2010) study the effects of Global Warming on agriculture in 2020 and 2050 via water 

availability. They calculate effects on well-being, including the modifications of international trade. Here also, the link with 

food insecurity is not straightforward. Because the economic drivers (cheap energy and pervasive externalization of costs) 

entailing viability of agro-industrial systems will not last, Clark (2011) explains the ongoing emergence of novel agro-food 

systems. 

Changes accounting for social factors 

Some of the authors quoted above admit that overlooked social factors are important, which are complicating the equation of 

the Global Warming. “Costs and obstacles to adaptation have also been omitted.” (Adams et al., 1998, page 29). To face the 

compelling changes in agriculture, Quasem Al-Amin and Ahmed (2016) suggest policy measures towards “income 

stabilization programs due to farmers income loss”, because they are aware of the role of social adaptations in the success of 

agricultural policies. Dahlberg (1994) notes the growth of income inequalities among the global constraints and threats 

encountered by modern industrial societies. More specifically for the agricultural sector, the author denounces the historical 

dispossession of native lands and the subjugation of smallholders, a movement intensified by the technological green 

revolution, and by the ever-increasing emphasis put on cash crops for export, which have marginalized smallholders and 

subsistence agriculture. Radanne (2006) warns us that the inescapable shift will likely be violent. “We must keep in mind 

that these transitions can deeply increase economic and social disparity, and that they are often violent” (page 21).  

b. Varieties of solutions  

The authors suggest various solutions, ranging from (mainly) relying on international trade in agricultural commodities (e.g. 

Calzadilla et al., 2011; Adams et al., 1998) to a deep shifting in our ways of life.  
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Changing only agricultural practices  

To face the agricultural challenges of the years 2030-2050, Lobell et al. (2008) guess that “shifting planting dates or 

switching to an existing crop variety” will not be enough, forcing farmers to “more costly measures including the 

development of new crop varieties and expansion of irrigation.” (Lobell et al., 2008, page 607). Burke and Lobell (2010) add 

“water harvesting” and recognize the necessity to set up new institutions to address food production shortfalls. For adapting 

agriculture to the 2050s-2060s, Adams et al. (1998) suggest mitigating responses by increasing fertilizer or water use, and by 

the adoption of new crop varieties or by “changing planting dates, substituting cultivars or crops, changing irrigation 

practices, and changing land allocations to crop production, pasture and other uses” (Adams et al., 1998, page 28).  

Tait and Morris (2000) guess that they need to gather stakeholders in order to find sustainable agricultural solutions, and bet 

on technical innovations, perhaps on a “technical revolution, through biotechnologies” to manage the externalities associated 

with intensive agriculture! Recently, for the Inland Pacific Northwestern region of the US and other equivalent regions, Pan 

et al. (2017) suggest playing with the agronomic management variables: conservation tillage and residue management, 

organic carbon (C) and nutrient recycling, refined N management, and crop diversification and intensification, thanks to new 

cultivars (canola, peas) and ICT sector. Some authors argue for sharing land between land-for-production on the one hand, 

and land-for-nature on the other, as set out by (Tscharntke et al., 2012). 

Regarding Malaysia in 2065, Quasem Al-Amin and Ahmed (2016) suggest the following options to adapt farms: Irrigation 

scheduling; Weather and climate information systems; Higher cropping intensity; Diversification of cropping production on 

irrigated area; Integrated pest management (IPM); Protected cultivation; Post-harvesting technology; Income stabilization 

programs due to farmers income loss. They calculated the optimal adoption rate of these measures (whatever the measure), 

which would be 20% for the Malaysian State. One could comment that since the agricultural system is precisely a system, 

20% of spending may be inefficient or also highly efficient, depending on the nature of the adaptations and on their very 

implementation. For 2050, in the highly-valued journal “Science”, Godfray et al. (2010) suggest a catch-all of ideas split in 5 

international strategies, and mainly based on the growth of agricultural yields thanks to technologies (ICT, genetically 

modified crops, cloned animals etc.), waste reduction, decreasing meat consumption, and expanding aquaculture. According 

to the authors, the whole can be made “sustainable”, although they do not explain how. 

Modifying food consumption practices  

The more extreme proposal is set out in the paper by (Denkenberger and Pearce, 2015) which envisions – in quantitative 

mode only- the conversion of the Earth’s entire biomass, in order to feed humankind for 5 years, in case of universal 

catastrophe (sun occultation). Bearing in mind social drivers, the idea is not to explain how to socially manage this 

conversion, but only to evaluate the quantities of convertible marine and terrestrial calories. More classically, Garnett (2015) 

proposes a synthesis of many studies, which find that diets with reduced animal product content (meat, eggs, dairy) release 

less GHGs or are less land use intensive. The lower the meat content, the lower the environmental impacts2. This is one of 

the solutions advised by Godfray et al. (2010) – but deemed to be the most difficult to undertake- to feed humankind by 

2050.  

Implementing more radical agricultural solutions entailing social shifts  

Malézieux (2012) highlights the necessity to immediately rethink the management of natural resources, and suggests 

mimicking natural ecosystems to build new agro-ecosystems. The crucial issue is enhancing the crop diversity, to decrease 

the dependency on non-renewable resources, and to recreate areas devoted to biodiversity. It is the same for Altieri et al. 

                                                      

2 In descending order the GHG intensity of diets are: no red meat, no meat (vegetarian), no animal products (vegan) 

(Hallström et al., 2015; Scarborough et al.,2014) 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

686



(2015) because “changes that will not radically modify the monoculture nature of dominant agro-ecosystems may 

moderate negative impact temporarily” only (Altieri et al., 2015, page 1). By 2050, the authors advise setting up 

polycultures, agroforestry systems, and crop-livestock mixed systems accompanied by organic soil management, water 

conservation and harvesting, and general enhancement of agrobiodiversity.  

In fact, radically new agricultural practices will disrupt societies as a whole. Despite not suggesting radical social changes, 

Adams et al. (1998) are aware of the issue of agricultural structures for the US. They quote the “changes in cultivated 

acreage by crop, total cultivated acreage, irrigation water consumption, farm employment and other changes in factor 

demands. The consequences of changes in factor demands on regional or local economies are largely unexplored but are 

potentially important” (Adams et al., 1998, page 29). Few authors widen the scope to envision the issue of food security and 

agriculture together. The famous meta-analysis of Badgley et al. (2007) demonstrates that organic agriculture can contribute 

significantly to the global food supply without increasing the agricultural land-base. Indeed, long-term yields of both 

conventional and organic agriculture are comparable, and nitrogen potentially available from fixation by leguminous cover 

crops is enough to replace the synthetic fertilizers currently in use. Clark (2011) advocates switching the whole of 

agriculture towards real organic3. She goes even further by suggesting the implementation of novel agro-food systems based 

on more perennials and less on large-seeded annuals, and emphasizes “local/decentralized food production; seasonal 

consumption expectations and minimal processed foods.” So, the new system will abandon monocrop cultivation. 

Dahlberg (1994) calls for a transition from current modes of industrial agricultural production, which will involve “a basic 

restructuring of the interactions and relationships between natural systems, social systems and technological systems” 

(Dahlberg, 1994, page 170). The author notes the inefficiency of fossil energy in use in industrial agriculture, where 10 

calories of energy are required to deliver 1 food calorie on our dinner plates. He explains that we are unlikely to mobilize the 

funding which will be necessary to relocate agriculture to the north. He laments the explosion in cattle population because of 

meat demand, highlights the severity of biodiversity and cultural diversity losses, and reminds us the damage caused by 

unequal growth. The priority is to maintain and to enhance the “remaining indigenous and traditional food and fiber systems 

that have demonstrated their regenerative capacities over the centuries” (idem, page 173), then “reforming existing housing 

and ways of life to make them less resource-and job-dependent” (idem, page 175). Shifts will be required in the evaluative 

criteria we employ –whether for society at large or for a particular sector like agriculture. The shift -from economic and 

production criteria- to health criteria is one of the key elements. More recently, Servigne (2013) claims that future 

agriculture will not have to manage food production only, but also to heal the ecosystems functions. Agriculture will be 

based on renewable energy only (sun and biomass, wind, and methanation) and on cattle and human work also. The author 

envisions the emergence of multistage agro-ecosystems (e.g. agroforestry), in order to take maximum advantage from solar 

flux.  

c. Different time-scales 

What can we say about the influence of the envisioned time-scales upon the delivered message? Few authors venture beyond 

2050. Nevertheless, there is a consensus about both ideas that the Global Warming consequences will be much more harmful 

from 2050, and that unexpected events are increasingly frequent. The messages delivered for the various deadlines are not 

fundamentally different. In other words, the urgency of the temporal horizon does not affect the nature of the message. 

Authors advocating a societal shift demand strong initiatives as soon as possible, according to the amplitude of the necessary 

change in mindset.   

d. Discussion 

When it comes to facing the future challenge of food insecurity, there is a split among the authors between those who 

suggest affordable solutions that are not demanding for the rest of the society, and others who advocate new social 

                                                      
3 By comparison to North America organic standards. 
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structures. Some authors are perfectly aware of this debate. Handoh and Hidaka (2010) conceptualize two tracks towards 

solutions: 1) “a consciousness Revolution that leads to mankind’s attitude to the environment and to adopting a pre-

industrial life style”; or ii) “a super energy revolution that leads to full utilization of photovoltaic power generation”, to 

produce sufficient dietary resources to sustain the world population. Tait and Morris (2000) explain how the coming changes 

make it necessary “to initiate fundamental change in the nature of modern farming systems themselves”, even if they 

exclude this possibility at the same time: “However, this may be impossible to achieve under some future scenarios, or at 

least is likely to take longer to achieve.” (Tait and Morris, 2000, page 257). The two competing views have been dubbed the 

Critical limits view, “which would require future farming systems to accept the ecosystem-imposed limits on the number of 

people in the world and the lifestyle they can enjoy”; and the Competing Objectives view, which “would balance agricultural 

sustainability with economic viability, reduction of environmental harm and fulfilling public demands for food and 

landscape benefits. “ (Tait and Morris, 2000, page 247). 

For advocates of the “Competing Objectives” views, like Lobell et al. (2013), the main issue is to know “where to invest?” 

to prepare the agriculture of the future, but always in the same framework of mono-varietal and industrialized agriculture. 

They do not seem to be aware of the existence of the climate-agriculture-energy nexus, which makes it impossible to change 

one element without also making the other structurally change. They deal with agriculture as if it were a sector like any 

other, and in particular like a controllable machine, without understanding the shortcomings of their modellings.  

For the supporters of the “Critical Limits” views, it is mandatory to accept the ecosystem-imposed limits, and therefore to 

change our ways of life, without being nevertheless Malthusian. The major challenge is to demonstrate that there are 

agricultural systems respecting ecosystem integrity, yet nevertheless as efficient – if not more efficient in the long term- as 

the agro-industrial systems. That is why the core of the scientific work in this view is in favor of agro-ecology and 

multispecies systems. Indeed, here we find a criterion (if we need only one, here it is) which no doubt differentiates the 

advocates of the two groups. To reconcile biodiversity and productivity, the advocates of the “Critical Limits” 

view  advocate intercropped systems, mixing different species on the same plot (Nair, 2017), while the others assume – often 

implicitly- that the plots in future agriculture will be monospecific. Indeed, it is a necessary condition for the continuation of 

agro-industrial practices.  

The split line is visible also insofar as the implemented scientific methods are in general different.  Indeed, the works carried 

out by the former group rely on statistical data, on a large scale, because data on the agro-industrial monoculture are already 

widely available. Conversely, when it comes to designing frugal agro-ecosystems, only sparse and small-scale local 

monographs are available (with notable exceptions). Even when these monographs are collated (Auerbach et al., 2013) it is 

less easy to envision regional or worldwide forecasts, with the same weight as the authors of the previous group.  

The same split is materialized by the way of considering people who are not involved in agricultural sector at the present 

time. Under the former viewpoint, citizens are considered to be consumers first. In the best case, they are elicited to give 

their opinion as stakeholders. So, the citizens will be affected because they are expected to become reasonable and to 

consume less meat, and/or because their purchasing power will be lowered by the rise in food prices. But they are not 

required to play a more active role in the ongoing change. Under the latter view, the citizens are seen like potential activists 

of frugal agro-ecosystems, and sometimes, authors hint that citizens will have to be directly involved in the farming work. In 

this case, the authors advocate a radical structural change, which will disrupt human societies as a whole.  

The few factors taken into account (for food security or the future of agriculture) are quite a surprise. Drawing only on the 

food’s energy demand and on production of entropy, Handoh and Hidaka (2010) worked out that the sustainability of the 

human-environment interactions of the present era (called pre-informational and which started in 1960) has an order of 

duration of 100 to 400 years. In fact, to deal with food security, the contextual evolutions to be accounted for go far beyond 

world population growth or Global Warming alone. It is quite easy to find works about the future of energy, cities, or 

globalization. Nevertheless, the future of agriculture in those troubled contexts is rarely dealt with, and moreover rarely 

taken seriously enough, i.e. placed at the center of the discussion. When will we realize that it is becoming unclear how to 
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feed ourselves? That our time schedule and daily concerns are turning back (as was the case with our ancestors for centuries) 

first and foremost towards activities directly contributing to nutrition? It is mandatory4 to make a choice, by recognizing 

what is a top priority, and what is not.  

4. Conclusions 

In general, the supporters of the “Competing Objectives” view acknowledge that the effects of climate change will worsen 

over time. The supporters of the “Critical Limits” view advocate radical modifications of social structures. They explain the 

necessity to prepare for the transition as soon as possible, in order to mitigate –as far as possible- the harmful but inevitable 

effects.   

Today, the debate between advocates of human causes of climate change on the one hand, and climate change skeptics on 

the other hand, seems to be closed. Hence, it is time to decide on another debate, and take up our position. Do we need to 

follow those who advise adapting the future agriculture with marginal adjustments and technologies whose most obvious 

advantages are compatibility with the present state of advanced societies? Conversely, should we not keep up with the pace 

of researchers who urge us to enforce radical changes? They advocate vital changes, which might disrupt the internal 

organization of our societies, as was the case with the very invention of agriculture... 
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Abstract 

As cities grow and climate change intensifies, challenges related to the sustainable supply of food to urban areas are increasing. 

This is a particular issue for Melbourne, one of the fastest growing cities in Australia. Although food consumption accounts 

for a significant proportion of environmental impact, there is little or no data quantifying what it takes to feed a city to help 

city governments plan for the future. This paper presents the methodology and findings of an investigation into the 

environmental impact of feeding Greater Melbourne by quantifying it’s ‘foodprint’ –the land and water required, and food 

waste and greenhouse gas (GHG) emissions generated. It forms part of a larger project, Foodprint Melbourne, investigating 

the sustainability and resilience of Melbourne’s foodbowl. The foodprint was calculated for 2014 and 2050, using the 

Australian Stocks and Flows Framework (ASFF). It was found that it takes 758 GL/yr of water and 16.3 Mha/yr of land to 

feed Melbourne, with over 907,537 t/yr of edible food waste and 4.1 Mt/yr of GHG emissions generated. With no change to 

consumption patterns or production methods, in 2050 1598 GL/yr of water and 32.3 Mha/yr will be required, with 7.4 Mt/yr 

of GHG emissions generated.  

Keywords: urban, food security, systems, sustainability, food waste 

1. Introduction  

It has been widely documented that food can be linked to all seventeen Sustainable Development Goals (SDGs)  (Rockström 

and Sukhdev, 2016) highlighting the importance of sustainable food systems for positive global change. Historically, the 

challenges of the global food system have centred around feeding the world’s growing population (Godfray et al., 2010). More 

recently, however, due to increasing urban populations (UN, 2014) and environmentally intensive urban food consumption 

(Popkin, 2006), there has been a reframing of the issue of future food security (and achieving the SDGs) as an urban problem 

(Hoornweg et al., 2016; Jennings et al., 2015; Satterthwaite et al., 2010).  

Melbourne is a city of around 4.5 million people in the state of Victoria in south-east Australia. It is experiencing rapid 

population growth and predicted to overtake Sydney to become Australia’s largest city within the next two decades. Much of 
this growth is occurring on the city fringe at relatively low rates of urban density on areas of former farmland. The city is 

situated in a water-scarce region of the world that is predicted to experience further warming and drying as a result of climate 
change. As supplies of the natural resources underpinning food production become more constrained, the city will need to 

explore new approaches to increase the sustainability and resilience of its food supply, and will require an evidence base to 
support policy and decision making .Although previous studies have assessed the environmental impacts of food consumption 

at a state level (EPA Victoria, 2008) and national level (ACF, 2007), no such investigation has been undertaken at a city level 

for Melbourne. 

Previous studies in the US and the UK have established the concept and quantitative calculation of a city ‘foodprint’ (Curtis 

et al., 2013; Peters et al., 2007), drawing on the idea of an environmental footprint (EPA Victoria, 2008). This is a consumption-

based systems approach that calculates the environmental impact of feeding a city. So far, not such attempt has been made to 

undertake this kind of analysis for an Australian city.  
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The aim of this investigation is to develop and test a methodology to quantify Melbourne’s ‘foodprint’ – how much land and 

water it takes to feed the city’s population, and the food waste and GHG emissions that are generated. Using a diet profile 

developed by Turner et al. (2017), and food waste fractions for the North America and Oceania region determined by the Food 

and Agriculture Organisation (FAO) (Gustavsson et al., 2011), the overall food consumption and food waste generated by the 

city is estimated by food type. These figures are then used to establish a city consumption factor that is the integrated with the 

Australian Stocks and Flows Framework (ASFF), to determine the resources used and environmental impacts.  

2. Methods 

The methods used to calculate Melbourne’s foodprint (both now and in 2050) have been developed to work alongside the 

Australian Stocks and Flows Framework (ASFF) and draw on its existing database and scenario modelling functions. ASFF 

is a scenario modelling platform developed to comprehensively assess environmental sustainability challenges in Australia 

and model potential solutions (Turner et al., 2011). It was designed as a scientific and policy tool to study the interplay between 

factors such as population, technology, lifestyles and the environment (Poldy and Conroy, 2000).  It models the physical 

processes (often involving the flows in and out of stocks, e.g., additions and demolitions of the building stock) that underlie 

activity across all sectors of the economy.  Essentially a mass and energy accounting system, it is employed to track land, 

water, energy, labour and materials required for economic activity to actually occur.  

The foodprint assessment draws on data about Australian diets and the impacts of environmental challenges to Australia’s 

food supply from a previous study of Australia’s national food security by Turner et al (2017) that used the same underlying 

modelling framework. One of the aims of this study is to develop a methodology and evaluate the use of the ASFF framework 

for modelling challenges to food supply at city region scale. General and national food system specific limitations to modeling 

with the ASFF have already been documented by Turner et al. (2011) and Turner et al. (2017) respectively. City region scale 

limitations specific to this study will be discussed in Section 2.4. 

2.1 Diet profile for Melbourne 

It was assumed that food consumption in Melbourne followed national consumption patterns. The amount of food eaten per 

capita was calculated based on a diet profile developed by Turner et al. (2017). It was derived from a combination of data 

collected as part of the Australian Health Survey’s 2011-12 National Nutrition and Physical Activity Survey (NNPAS) (ABS, 

2013a) with ingredient proportions from the Australian Food, Supplement and Nutrition Database (AUSNUT) (FSANZ, 2015) 

to determine an average Australian diet profile in terms of food commodity types suitable for use in ASFF (Figure 3). Foods 

are grouped in this way in ASFF due to the commonalities of physical resources (e.g. water, land, energy, fertiliser) required 

to produce them as well as suitable trade categories. Since Australian food preferences are constantly changing, current trends 

in dietary patterns, such as increasing chicken consumption and decreasing red meat consumption, were taken into account in 

estimating the food needs of Melbourne’s future population in 2050. Projected increases in consumption due to rising obesity 

(Walls et al., 2012) were not taken into consideration in the 2050 calculation, therefore the results are likely to be an 

underestimate of Melbourne’s future food consumption. 
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Figure 1 - Average current Australian diet profile for the ASFF food types derived from the NNPAS (Turner et al., 2017). 

The profiles were multiplied by the number of people in Greater Melbourne to determine the actual food eaten for the city by 

food type. For the purposes of calculating population numbers, it was assumed that ‘Greater Melbourne” was made up of all 

the Local Government Areas within the Urban Growth Boundary, including the urban and ‘interface’ councils, as defined by 

Sheridan et al (2015).   

2.2 Food production and food waste for Melbourne 

To determine the amount of food that would need to be produced to feed Melbourne, which would then be used to determine 

environmental impacts, the actual food eaten for each food type were multiplied by processing, refining and waste factors 

throughout the food chain. Figure 2 shows the volume reduction of food throughout the supply system. The overall amount of 

food produced is decreased first by losses or wastage on farms (pre-farm gate). In the ‘farm gate to checkout’ part of the food 

system, reductions in the overall amounts occur both due to the refining of food and wastage during processing. For some 

foods there are substantial volume reductions during refining - when raw sugar is converted into refined sugar for example, 

oil seeds into oil, or raw milk into dairy products, such as cheese and butter. After the food has been purchased, further losses 

then occur in households and restaurants (post-consumer waste).  

 
Figure 2 – Volume reduction of food throughout the food system 

The ASFF framework models food amounts from the farm gate, via processing to households, with the potential to incorporate 

waste and refining factors during processing and at a consumer level (represented by the dark blue section of Figure 2). Because 

there is little available data on food waste fractions through the food supply chain in Australia, with the exception of household 

waste (Sustainability Victoria, 2014), food waste fractions for the North America/Oceania region (which includes Australia) 

from a recent report from the United Nations Food and Agriculture Organisation (FAO) (Gustavsson et al., 2011) have been 

used in ASFF. Since the food categories for the FAO fractions (Figure 2) did not match the ASFF food categories (and those 
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in the diet profile) exactly, the FAO waste fractions were applied to the ASFF categories according to where they most closely 

matched (Table 1). The refining factors used in the ASFF framework were derived from historical data used to calibrate the 

ASFF framework. 

Table 1 – FAO waste factors applied to ASFF food categories at each stage in food system. 

Food type Pre-farm gate Farm gate to checkout Post-consumer 
Cereal grain 0.02 0.09 0.27 
Rice 0.02 0.09 0.27 
Legume grain 0.12 0.06 0.04 
Sugar cane 0.12 0.06 0.03 
Nuts 0.12 0.06 0.03 
Oil crops 0.12 0.06 0.03 
Fruit 0.20 0.25 0.14 
Vegetables 0.20 0.17 0.17 
Beef & Veal 0.03 0.10 0.11 
Mutton & Lamb 0.03 0.09 0.10 
Pigmeat 0.03 0.09 0.10 
Poultry 0.03 0.01 0.10 
Eggs 0.03 0.09 0.10 
Milk 0.03 0.03 0.15 
Freshwater Fish 0.12 0.16 0.25 
Tunas 0.12 0.16 0.25 
Other Marine Fish 0.12 0.16 0.25 
Crustaceans 0.12 0.16 0.25 
Molluscs 0.12 0.16 0.25 

It was possible to use the FAO food waste fractions (entered into the model framework) to work backwards from the amount 

of food eaten to determine the food produced to feed Melbourne at the farm-gate and subsequently, calculate the amount of 

post-consumer and processing food waste. Because the production module of the ASFF framework is based on data recorded 

at the farm-gate for both food production and resource use, the farm-gate food production amount could then be used to 

determine land and resource use and GHG emissions generated through food production (see Section 2.3). ASFF does not, 

however, include data or structure to directly calculate pre-farm gate losses, which is important not just to get an accurate 

estimation of total food waste, but also to determine the associated GHG emissions related to disposal of the waste. 

For this reason, additional code was developed to work alongside the main ASFF framework to calculate an estimate of the 

edible portion of pre-farm gate waste. Since this study was concerned with quantifying only avoidable or edible food waste, 

the losses during refining are not intended to be included. Food amount data by food type was extracted from the model at the 

post-refined, pre-processed point (Figure 3). This data was then used with the FAO pre-farm gate waste fractions to calculate 

and estimate edible pre-farm gate waste according to the following equation:  

                               WPFG  = WFPFG  ( PPFG   /  (1 -  WFPFG  )) 

where: 

WPFG  = pre-farm gate waste amount (tonnes) 

WFPFG  = pre-farm gate waste fraction 

PPFG = Edible food production at the farm gate (refined but not processed) 
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Figure 3 – Representation of how edible / avoidable food waste is calculated throughout the system. 

The amount of pre-farm gate waste calculated was added to the amounts of processing and post-consumer waste calculated 

previously to determine the overall amount of food waste generated to feed Melbourne. 

2.3 Calculating environmental impacts of food consumption 

As Australia is largely self-sufficient in food (PMSEIC, 2010), we assumed for the purposes of modelling environmental 

impacts that Melbourne’s food was sourced from within Australia. To determine the environmental impacts of food 

consumption now and in the future, this study used an existing ASFF scenario developed and documented by Turner et al. 

(2017) to simulate the impacts of climate change and land degradation on agricultural production. The core model of the ASFF 

calculates the total resources used by commodity for the agricultural sector at a national scale, including those required to 

produce exports. To determine the land, water and greenhouse gas emissions attributable to Melbourne’s food waste, it was 

necessary to calculate the proportion of overall agricultural production represented by food consumed in the city. 

First a domestic consumption factor was calculated. Per capita food consumption, according to the diet profiles developed by 

Turner et al (2017) and including waste, was multiplied by the national population to get the total domestic food consumption 

by food type. This was then divided by the total production by food type to determine the domestic consumption factor. The 

domestic consumption factor was then multiplied by the proportion of the national population living in Melbourne for that 

year to determine a specific consumption factor for the city. The overall national agricultural resource-use quantities from 

ASFF were multiplied by the Melbourne consumption factor to determine the environmental impacts of food consumed in 

Melbourne. 

The calculated environmental impacts of food consumption include the resources required and emissions generated in food 

production (including livestock farming, livestock feed and crops). Water figures take into account only irrigation water that 

is used to grow crops and animal feed as well as drinking water for animals, commonly referred to as ‘blue’ water. ‘Green’ 

water- the water that falls directly onto crops as rain - is not included because it is not tracked in Australia’s water accounts. 

Land figures include amount of land needed to grow the fruit, vegetables, grains and pulses that Melbourne eats, as well as 

the land on which livestock are raised for meat, dairy and eggs. It also includes the land used to grow feed for these animals.  

GHG emissions figures include emissions associated with food production on farm only and emissions from food waste. 

Specifically, these are the emissions from enteric fermentation, cropping and fertilizer application, soil carbon loss due to 

grazing, and emissions from the use of farm machinery. An additional calculation was performed to determine the emissions 

generated from the disposal of food waste in landfill as this is not included in the ASFF framework but represents a significant 

proportion of food-related emissions. The total amount of food waste (in tonnes) was multiplied by a factor of 1.6, the 

emissions factor for food waste determined by the Department of Environment using the Australian Greenhouse Emissions 

Information System (AGEIS) (Department of the Environment, 2014). 

They do not include the resources used in other parts of the food system such as food processing, distribution and household 
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preparation, because it is difficult to separate the proportion of resource use in the manufacturing and transport sectors that is 

attributable to food. For water and land this is not expected to have a considerable impact on the results, since these activities 

have a relatively small environmental impact. Food processing has a very small land footprint and other research indicates that 

water use in food processing in Australia represents less than 2% of the water used in agricultural production (Wallis et al., 

2007). For these reasons and those mentioned earlier, the figures calculated in this study should be considered as a conservative 

estimate.  

Along with the historical calibration process undertaken whenever the ASFF database is updated (see Turner et al. 2011 for 

more details), figures generated with ASFF about Melbourne’s foodprint in the scenario period were validated against external 

sources of data, such as industry and government reports, and data sets from the Australian Bureau of Statistics. Findings were 

also validated through expert consultation. This process was used to make further changes to modelling assumptions in ASFF. 

2.4 Challenges and limitations of modelling methods 

ASFF is a framework for evaluating environmental sustainability challenges in Australia and for modelling potential solutions. 

It was designed to explore these issues at a national scale, and over the long term. Care was required to adapt the model for 
use at a smaller geographic scale, or for exploring issues over the short to medium term. For example, as ASFF is designed to 

model trends over the long term, the effects of recent changes in trends (such as a recent slowing or acceleration of a trend) 

can be masked.  

Although ASFF has considerable spatial detail, different types of data are modeled over different spatial regions. For example, 
agriculture is modeled over 58 statistical divisions across Australia, while water resources are modelled over 74 water regions 

and population across 217 sub-statistical divisions. At a national scale, these differences have little or no impact on the results 

of modelling. However, at a city region scale, considerable additional work is required to validate the results of the modelling.  

ASFF is also a complex physical model, built for a high level of user input i.e. for a large team of researchers who can check 
and adjust input data across a wide range of areas. Considerable resources are required to ensure that key information pertaining 

to food systems is accurate and up-to-date. There are a number of areas where inputs required manipulation or where 
assumptions needed to be made in order to interface with ASFF. In other areas, data in the model was inappropriate for analysis 
at the city-region scale and required adjustments e.g. grazing areas for livestock are larger on average across Australia than 

they are in Melbourne’s foodbowl. At times, workarounds were developed outside ASFF to address data gaps or constraints 

related to the capacity of the framework. The resources required to use ASFF to its potential could make it difficult for small 

teams to use at a regional level.  

3. Results and Discussion 

3.1 Food produced for Melbourne 

Greater Melbourne’s population of around 4.37 million requires around 15,080 tonnes of food to be produced each day (Figure 

4), approximately 3.45 kilograms per person. This 3.45 kilograms is significantly more than the 1.2 kilograms of food 

physically eaten by the average Melbournian each day, as food is wasted throughout the food chain, and inedible parts are 

discarded.  
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Figure 4 – Food production by food type required to feed Melbourne per day 

 

By 2050, Melbourne’s population is likely to grow by at least an additional 2.63 million people to reach a population of around 

7 million (Sheridan et al., 2015). If Melbournians eat the same diet as they currently consume, this population of 7 million will 

require around 24,132 tonnes of food per day.  

3.2 Food Waste 

Modelling results show that Melbourne currently generates a total of 907,537 tonnes of edible food waste each year, around 

32% of edible food produced for the city. This is equivalent to 568 grams of food waste per capita per day, or 207 kg per 

person per year.  

 

Around 41% (370,974 tonnes) is ‘post-consumer’ food waste generated by households and in restaurants and cafes, 24% is 

pre-farm gate waste (that occurs before food leaves the farm), and 35% occurs during food processing and distribution. The 

amounts of edible waste that occur at different stages in the food supply system are summarised in Table 2. 

 

Table 2 - Food waste generated at each stage of the food chain attributable to Melbourne. 

Stage of food system Food waste generated (tonnes/year) 

Pre-farm gate 217,287 

Farm gate to checkout 319,276 

Post-consumer 370,974 

Total 907,537 

 

Different types of food incur waste to differing degrees along the food chain. Figure 5 shows food waste distribution throughout 

the food system for each food type.  

 
Figure 5 – Food waste by food type throughout the food system attributable to Melbourne. 
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By 2050, with no change in consumption patterns or waste fractions, the volume of wasted food will rise to 1.4 million tonnes 

each year.  

3.3 Land 

Feeding Melbourne’s population of around 4.37 million people for one year takes around 16.3 million hectares of agricultural 

land. This area is equivalent in size to almost three-quarters of the area of the surrounding state of Victoria (ABS, 2012), but 

represents just 4% of Australia’s agricultural land (ABS, 2013b).  

Different food groups have different land requirements (Figure 6). Vegetable production for Melbourne is responsible for just 

0.1% of the city’s land foodprint, although vegetables make up 15% of Melbournians’ food needs. The vast majority of 

Melbourne’s land foodprint  – around 90% - is related to beef and lamb consumption, although beef consumption makes up 

just 4% of the city’s diet. This is due to beef and lamb production systems in Australia, in which most animals graze on pasture 

over large areas of land at low stocking densities. Much of this land is unsuitable for other types of food production 

(Wiedemann et al., 2016).  

 
Figure 6 – Proportion of the land footprint attributed to different food groups in the typical Australian diet 

 

By 2050, when Melbourne has a population of around 7 million people, the land required to feed the city will have almost 

doubled to 32.3 million hectares (Figure 7). The city’s per capita land foodprint is likely to have increased from 3.8 hectares 

to around 4.6 hectares.  

This 24% increase in the city’s per capita land foodprint is due primarily to land degradation and the impacts of climate change, 

so that more land will be required by 2050 to produce the same amount of food. When land is used intensively, the soil degrades 

(Turner et al., 2016). Raising more animals on a piece of land than it can naturally support also requires the use of fertilisers 

and other inputs to maintain productivity, and this increases over time.  

 
Figure 7 – Land required to feed Melbourne now and with a population of 7 million 
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3.4 Water 

To grow food for Melbourne’s population takes over 758,000 million litres of water per year (758 gigalitres). This is around 

double Melbourne’s household usage, which is approximately 376 gigalitres per year (Melbourne Water, 2015). It is equivalent 

to 475 litres per person per day or 173,375 litres per person per year.  

As with land, different types of food require different amounts of water. For example, 18% of the average Melbournian’s diet 

is fruit (see Figure 1), but only 0.5% of the water used to grow their food is attributed to fruit (Figure 8). Three quarters of the 

typical Melbournian’s water foodprint is attributed to livestock products - 26.3% to beef and lamb and 53% to dairy products. 

More water is used to produce dairy products than red meat, because dairy production in Australia typically takes place on 

irrigated pastures, while most beef and lamb production takes place on dryland ranges and is rainfed (this ‘green water‘ has 

not been included in our estimate of the water used to feed Melbourne).  

 
Figure 8 – Proportion of water used to feed Melbourne by food group 

When Melbourne grows to a population of around 7 million by 2050, approximately 1598 gigalitres of water will be needed 

per year to grow food for the city (Figure 9). This is around 627 L per person per day, a 32% increase on the amount of water 

currently required per capita to grow Melbourne’s food.  

 
Figure 9 – Water required to feed Melbourne now and at a population of 7 million 

More water is likely to be needed to grow each person’s food as a result of land degradation and the impacts of climate change. 

Due to land degradation, more land is likely to be required to produce the same amount of food (see section 3.4), and more 

water will need to be applied to irrigate that land. More irrigation water is also likely to need to be applied as the climate dries 

due to the impacts of climate change (Turral et al., 2011).  
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3.5 GHG emissions 

Melbourne’s food consumption accounts for over 0.9 tonnes of GHG emissions per capita per year, which is 4.1 million tonnes 

in total for Melbourne. Around 58% of the GHG emissions associated with Melbourne’s food production are due to red meat 

production (beef and lamb), and a further 21% of emissions are associated with dairy production (Figure 10). This is mostly 

due to enteric emissions from ruminant livestock, the vast majority from cattle rather than sheep. This is a conservative estimate 

of emissions due to meat consumption. It assumes 14 kg per capita beef consumption per year. This figure was determined 

using the beef consumption estimate of 17.5 kg per capita in 2011, based on data from the aforementioned Australian Health 

Survey (ABS 2014), and a declining trend in beef consumption based on historical data in ASFF. However, industry sources 

estimate per capita beef consumption to be considerably higher (Meat and Livestock Australia, 2015). Other sources of 

emissions related to food production come from cropping and fertilizer application, soil carbon loss due to grazing, and 

emissions from the use of farm machinery.  

 
Figure 10 – GHG emissions from Melbourne’s food consumption by food group 

As Melbourne’s population grows, GHG emissions due to food production will increase. By 2050, when Melbourne reaches 

a population of around 7 million, the city’s total GHG emissions due to food production are likely to increase to around 7.4 
megatonnes (Figure 11). Per capita GHG emissions are also likely to increase around 13% to 1.1 tonnes. This projected 

increase in per capita emissions is due to an increase in the amount of land required to produce food, as a result of land 
degradation, and an increase in the number of livestock required to meet Melbourne’s meat needs, due to the impacts of climate 

change, including the effects of heat stress on livestock (Brown et al., 2016).  

 
Figure 11 – GHG emissions from feeding Melbourne now and at a population of 7 million 

Melbourne’s food consumption also has a high energy footprint. This energy footprint considers only on farm fuel use. On 

farm fuel use to produce Melbourne’s total food consumption is around 114 megalitres per year. Most of this fuel use is 

associated with beef consumption, as a result of the fuel required to produce animal feed, primarily from the use of farm 
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machinery. Overall though, agriculture is responsible for a relatively small proportion of Australia’s energy use, accounting 

for just 1.7% of the nation’s industrial energy consumption (BREE, 2014). 

4. Conclusions 

A methodology was developed using the Australian Stocks and Flows Framework to estimate the environmental footprint – 

‘foodprint’ – associated with feeding the city of Melbourne. The results showed that the resources required and waste and 

emissions generated were significant. Over 16.3 million hectares of land is required, an area equivalent to 72% of the state of 

Victoria, and 758 gigalitres of water, double Melbourne’s household usage. Around 907,537 tonnes of edible food waste is 

generated, equivalent to 32% of edible food produced for the city, showing that a sizeable portion of Melbourne’s 

environmental footprint is also due to food waste. 

Around 4.1 million tonnes of GHG emissions are emitted in producing the city’s food, and a further 2.5 million tonnes from 
food waste (1.5 million from landfill and 1 million from producing the wasted food)  The majority of the land, water, and 

energy required to feed Melbourne is due to meat and dairy consumption, as well as the majority of the GHG emissions 

generated from producing the city’s food.  

Melbourne is likely to grow rapidly between now and 2050. Its population is predicted to increase by at least 60% to become 

a city of over 7 million people, with a significantly larger environmental footprint. This larger footprint is not only due to 
increased population, but also due to larger per capita foodprint based on impacts from land degradation and climate change. 

Supplies of the natural resources that underpin Melbourne’s food supply – including land, water, fossil fuels and phosphorous 
– will become more constrained in future. There is also likely to be increased pressure to reduce GHG emissions associated 

with food production and consumption. This suggests that changes to both food production methods and food consumption 
patterns will be required to ensure the security and sustainability of Melbourne’s food supply in the future. 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Abstract 

The Plurinational State of Bolivia is experiencing a new socialist period that has been characterized by the renationalization 

of the natural resources exploitation and the emission of public policies in order to support the agricultural revolution that is 

on movement. The National Law No 3525/2005 Promotion of organic agriculture and the National Technical Regulation for 

the Participatory Guarantee System (PGS) in 2012 helped to foster the organic agriculture in the country. In order to describe 

and explain the recent development of the PGS in the territory, three study cases were selected such as Bio Achocalla (La 

Paz) Municipal PGS, Bio Caracollo (Oruro) Communal PGS and Eco Feria (Cochabamba), Private PGS. To assess these 

PGS, a four dimensions food security approach was selected considering the availability, access, stability, utilization and 

happiness. The selected methods were surveys with key informants, direct observation of the PGS certification in each study 

case and review of secondary data of former projects and programs related to organic agriculture. The results showed that 

the municipal PGS of Achocalla is more efficient in the five dimensions rather than the Communal and Private PGS due to 

the satisfaction of the consumer’s demand and the huge variety of organic products they offer in the fair. The private PGS of 

Eco Feria has showed low values in the dimensions due to the specialization in the transformation and the communal PGS of 

Caracollo has showed also better results due to the capacity of the organization to produce and commercialize at the weekly 

fair of Caracollo as well as other fairs in other departments.  

 

Keywords: Organic agriculture, Short chains, Social control, Participatory Guarantee System, product upgrading 
 

1. Introduction  

Over the past three decades, Bolivia has undergone three historical periods that had impacted agricultural public policies. 

The first was the military dictatorship period characterized by repression of the civilian population and state funding of 

industrial sugar mills (ingenios) in the tropical area. The second was the democratic period characterized by the 

implementation of the Bretton Woods economic policy recipes (structural adjustments), including the privatization of state-

owned corporations, free markets and the promotion of monocultures such as soybean and sugar cane. The third and current 

period is characterized by the renationalization of privatized corporations and an agricultural productivity revolution aimed 

at guaranteeing food security and sovereignty. This revolution is based on the “Buen Vivir” (Living Well) philosophy and it 

is also cited in the State Constitution emitted in 2009 that emphasizes the poverty reduction, production of high quality and 

healthy food, biodiversity friendly, and accessible and available to all. The Plurinational State of Bolivia has a total 

cultivated area of some 3 million ha. Currently, the most important agro-industrial crop is soybean, representing for more 

than one third of the total cultivated area (1.16 million ha), of which around 90 percent is planted with genetically modified 

soybeans. The structure of the agricultural sector in Bolivia's Andean high plateau and valleys region is different. In the 

Altiplano-Valle region, farming is done by small producers who produce food mainly for household consumption or for sale 

and exchange in local and farmer's markets. By contrast, in the tropical region, agriculture tends to take the form of large-

scale commercial framing and grazing for beef cattle. Land resources are therefore distributed unevenly among regions and 

among production systems in the eastern region. The latest statistics show that more than one million ha are under 

genetically modified crops, compared with a little over 117000 ha under organic production. In spite of this situation the 

government had invested millions to prepare a legal framework for the promotion of organic agriculture. The principal 

objective of the study was to evaluate the organic production in Bolivia through the Participatory Guarantee System in three 

Departments of The Plurinational State of Bolivia and explain the opportunities and challenges of the cited studies cases that 
implemented their Participatory Guarantee Systems. 

2. Methodology 

The study was exploratory, descriptive and conclusive. Three case studies were conducted to evaluate PGS operations in the 

municipality of Batallas (La Paz), Caracollo (Oruro), Eco-Feria (Cochabamba). The data was collected from December 2013 

to April 2014.  

 Surveys were conducted to study the operation and structure of local markets in short value chains in organic 

farmer's markets (Mayoux, 1998) in the Departments of La Paz, Oruro and Cochabamba 

 Direct observation provided with an up to date snapshot of case studies through off-site visits (Jones, 2010) 

 Review of secondary data helped to understand and systematize important issues in the case studies (Geilfus, 

2000) 
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Department Organic Farmer's 

Market 

Actors Universe (N) Number of surveys conducted (n) 

La Paz Bio-Achocalla Producers 18 3 

  Processors 6 2 

  Consumers 45 3 

Oruro Bio Caracollo Producers 34 2 

  Processors 13 2 

  Consumers 60 2 

Cochabamba Eco-Feria Producers 15 3 

  Processors 10 1 

  Consumers 80 3 

  TOTAL 281 21 

Table 1. Sample and number of surveys conducted 

The assessment approach was based on four dimensions of food security, availability, access, utilization and stability and 

happiness. The happiness dimension, referring to the level of satisfaction of all actors in the chain was the most novel 

dimension of the assessment. Producers, processors and consumers were all surveyed and asked to score indicators relating 

to each dimension of food security. Producers and consumers were asked different questions, reflecting their different roles 

in the PGS. For instance, for the happiness dimension producers were asked to rate, on a scale from one to five, how happy 

they are with their production, transformation and commercialization tasks. For this same dimension consumers were asked 

to rate their degree of satisfaction with the quality of organic produce. Similarly, for the access and availability dimensions 
producers were asked about their opinions on fairs and prices.  

3. Results and Discussion 

Short chains 

The new and favourable regulatory and legal framework for promotion and support of organic production in Bolivia led to 

National Technical Standard for Participatory Guarantee Systems (PGS). As a result,various examples of short chains, with 

organic standards guaranteed through PGS have developed. These include Municipal PGS, of which the Bio-Achocalla Fair 

is an example. There are also Communal PGS,promoting economic solidarity among indigenous groups; Private PGS 

suitable for small producer organizations; and Organizational PGS suitable for larger producer organizations. Short value 

chains, can be considered as a functional upgrading that is linked closely to the PGS concept, focus on restructuring the 

supply chain by reducing the number of intermediate links in favour of the first and last links in the chain (producer and 

consumer). All this has been in response to a situation where farming families are denied access to productive resources and 

to production and marketing chains. In recent years, it has led some producers and consumers to organize in order to 
improve the conditions for direct sale in local markets.  

Social control 

The social control (peer to peer verification) which is a mechanism forparticipatory audits and monitoring at various levels is 

sponsored in the Bolivia’s constitution. The social control relates mainly to the quality of utilities (water, energy), as set out 

in the article 18 of the constitution. Article 270 also links it to territorial organization and autonomous territorial entities 

(departmental and municipal governments and indigenous communities) and article 345 links it to environmental 

management policies. Social control is involved in: 1) design of public policies (where organized civil society helps to shape 

the public agenda in which public policies are developed, 2) control of public administration at all levels (where organized 

civil society is required to participate in public administration planning and control), and 3) transparent information 

management. The concept of organized civil society relates to two areas: 1) the exercise of citizen's political rights, as 

established in article 26 of the Constitution (which states that all citizens have the right to participate freely in the formation, 

exercise and control of political power, either individually or collectively and 2) social control as practised by actors in 

specific contexts, however, the scientific literature does not link this agency to the actors, rather, it blurs it in the vague 

notion of the self-organizing civil society. Even though an organized group had been developing this instrument (social 

control) since 2015, it was not until 2009 that it was officially enshrined in the Constitution. While this instrument of social 

control has been associated with organizing the control and monitoring of basic services by the civilian population, further 

uses for social control are evolving in the area of natural resources. PGS have emerged as an alternative way to give organic 

farmers and farmers in transition to organic agriculture access to a local certification scheme that is more solidarity based 

and in line with the reality of farmers across a variety of contexts. From a technical view, third party certification is more 

geared towards specialized products for international markets (coffee, cocoa and bananas for the United States and Europe). 

For products to be exported to countries in the northern hemisphere, they must meet international standards assessed by 

certification agencies that have been accredited by a set of public and private actors. However, certification is far too 

expensive for most farmers, especially in the early organizational stages, which has excluded them from value chains serving 

specialty markets such as organic and fairtrade products (Murray, Raynolds and Taylor, 2006; Soto, 2005). In response to 
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this social and economic marginalization, NGOs, social movements, consumer networks and farmer's organizations have 

coordinated PGS as an alternative to third party certification (Meirelles, 2005). While PGS have appeared in the 

Plurinational State of Bolivia Law No 3525 since its enactment, it was not until 2012 that the Technical Norms and 

Regulations for PGS were published. In Bolivia, however, private PGS, such as Eco Feria in Cochabamba, have existed 

since 2003. PGS differ in our context in geographic scope (national or municipal), composition (public or private), and 

social and cultural context (indigenous, peasant farmer or community). Bolivia's legislation views PGS and direct marketing 

in local markets as instruments for promoting organic farming based on participatory social control to verify and monitor 

local and national compliance with technical standards. The main features of these systems are: 

 Recognition of agricultural and Non Timber Forestal Products (NTFP) 

 Recognition of ancestral and traditional community practices (cosmovisiones) 

 No recognition for parallel production in space and time 

 A different transition period for each type of crop 

The Municipal PGS of Achocalla set up their PGS in 2012, involving 275 families grouped in 13 communities. The Organic 

Guarantee Committee of Achocalla Municipality (CGEMA) is responsible for running the PGS, and is made up of 

producers, processors, service providers and consumers. The PGS has created direct relationships between producers and 

consumers, with benefits for both. For the farmers, the PGS has improved their chances of accessing differentiated local 

markets and raised their profile as organic producers. Meanwhile, citizens are no longer reduced to passive consumers. 

Achocalla is the star organic municipality because all actors in the value chain work together and are supported by the 
municipal organic and social development platform.  

Moreover, many of the members of the Eco-Feria are specialized in value-adding and are not diversified producers as in the 

case of other PGS. In terms of happiness, the Achocalla and Bio Caracollo PGS performed best and this can be explained by 

the fact that these two PGS are much more organized and have more supporters that permit to diversify their produce and 

establish new ways to commerce their products. The Bio Caracollo PGS involves 10 nearby communities and trade their 
production at Bio-Caracollo fair.  

4. Conclusions 

The lessons to be learned were the importance of short value chains, PGS and social control. The actors who are involved in 

short value chains communicate and coordinate with one another regularly to share experiences and innovations. 

Short value chains allow for a more direct relationship between producers and consumers, reducing the involvement of 

intermediaries, increasing producer's incomes and lowering prices for consumers, although these value chains still need 

further development.  

One of the main challenges that has not been addressed is ensuring a continuous supply of products to Bio-ferias to meet 

growing demand. Another challenge is the gradual involvement of rural and urban municipal councils as public policy 
making bodies in organic farming programs in order to ensure the food security and sovereignty of a growing population.  

On long term impact of such initiatives has been to strengthen legal instruments, such as PGS National Technical 

regulations, through a comparative study of cases that considers the dimensions and their respective standards. A further 

impact has been the creation of organic farming clusters that are linked through the activities of technical and business 

service providers. A potential avenue of development in the future might be appellations of origin to emphasize upgrading, 
particularly product, process and functional upgrading. 

In general the three PGS study cases, Achocalla and Caracollo, had more positive impacts than the private PGS of Eco-Feria. 

Current policy tends to favour municipal PGS by providing more financial support and facilitating better access to other 
initiatives such as public procurement programs.  

Moreover, many of the members of Eco-Feria, the private PGS, specialise in value-adding such as preparation of jams, 
encurtidos (pickles) and vegan foods and are not diversified producers as is the case in the other municipal PGS. 
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Abstract 
Two conceptual models of the progression of small scale farmers in sustainable agriculture and of the characteristics of 
production, equity, natural resource management and sustainability are presented and their implications are discussed.  The 
models inform an analysis of two development programmes, and they are linked to long term comparative organic farming 
systems research trials, which have been running for four years in South Africa’s southern Cape, comparing organic and 
conventional, crop rotation and mono-cropping, biological and chemical pest and disease control and water use efficiency in 
cabbage, sweet potato and cowpea crops. In Africa the high cost and limited availability of agricultural inputs make agro-
ecological approaches attractive, as they are practically possible (with low levels of external inputs) and improve carbon 
sequestration, dietary diversity and food quality. The challenges for viable organic farming systems are thus seen to include: 
improving soil fertility (especially acidity and available soil P), controlling pests and diseases and convincing consumers of 
the quality of organic products. Benefits include: reduced dependency on externally-purchased agricultural inputs, lower soil 
acidity, higher soil water retention, sequestration of soil carbon, improved soil microbiology, better agro-biodiversity and 
elimination of poisons from the food chain. Support for small scale farmers will require technical and training support, 
market linkages and quality management. 
 
Keywords:	Organic food system; African organic farming system; sustainable development. 
	

1. Introduction  

Africa is rich in resources, both human and agricultural, and yet infrastructure in many parts of Africa does not promote 

production or trade.  Institutions are not always efficiently structured and are often poorly resourced.  Capacity building of 

farmer groups is often required. 

Looking back on 45 years of experience in organic farming, farmer training and farming systems research and extension, I 

will attempt to distil some lessons and concepts from my experiences and those of other farmers, trainers, researchers and 

policy makers (UNCTAD, 2008). 

2. Methods 

When developmental agencies attempt to assist food producers, sometimes there are suppositions, which may not be 

accurate.  First, many agriculturalists assume that people with a small piece of land (or even a large one) wish to produce 

surplus food. Second, it is often assumed that they wish to sell this surplus food.  Finally, it is sometimes presumed that they 

wish to become commercial farmers.  While it is true that unemployed resource poor rural or urban dwellers do need food, 

and commonly produce some food on the land available to them, this is often a survival or even a desperation strategy, and 

may not be an aspiration at all. 

Even for those who are fairly serious about food production, there may be a desire to use the land optimally, and perhaps a 

cultural desire to be able to share surplus crops or animals with family or neighbours.  Many small scale gardeners feel 

reluctant to sell their own produce for money, and it is often seen as part of the natural bounty which is available for the 

community.  This concept of stewardship and sharing is a deep and wonderful part of many African traditions.  It is also a 

stark reality of small business development that many people who become able to run a business growing food, having 

learned trading skills, may decide that there are many less risky ways to trade than primary agricultural production.  They 

may then be lost to farming, but may contribute to the development of vibrant rural economies in other ways. 

In discussion in the ‘nineties with Rob Small (co-founder of Cape Town-based urban vegetable producers group Abalimi 

bezekhaya), we agreed that the four research domains I had identified (Auerbach, 1995) in my farming systems research and 

extension MSc (sub-subsistence farming, subsistence farming, semi-commercial farming and commercial farming, lower 
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part of Figure 1), represent a progression in skill and understanding which requires learning and experience.  In our work 

with small scale farmers, we found that moving from each stage to the next usually requires at least three years.  If a person 

decides that they want to improve their food production skills, they can be assisted with basic organic techniques such as 

crop rotation, mulching and the use of compost.  They will need basic husbandry skills for soil preparation, weed control, 

and the management of pests and diseases.  Provision and management of moisture will also be critically important.  

Learning these skill-sets is not technically or intellectually demanding, but it does require a shift towards an individualistic 

approach (“If I care for the soil and the plant, I am likely to harvest a good crop”).  This development of a sense of agency is 

a fundamental pre-requisite for people to take charge of their lives. 

After two or three years of steady application, the small scale farmer will often find that she has enough fresh vegetables for 

her children to derive significant nutritional benefits in terms of dietary diversity; she has moved from sub-subsistence to a 

subsistence farming system.  After providing for her own family, she begins to find that there is some produce left over to 

share, and this may become the basis of social exchanges, assistance to those “less well off”, or simply the capacity to 

provide welcome gifts to friends and family.  

 

 

 

 

 

Figure 1:  Food production systems, the journey from sub-subsistence to commercial 
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She has avoided desperate hunger, as she is already able to provide a lot of food for her family.  She may then be ready to 

start moving into the semi-commercial farming system, where again, she may need two or three or four years to become 

highly proficient at food production, learning about preserving food, making jams, using her produce in a range of products 

for her family, some of which she may find she can sell.  This movement from subsistence farming into the market is quite 

rare, and in each community, one usually finds only a handful of people who learn to be competent semi-commercial 

farmers (or had a grandmother who taught them these skills early). 

The movement into semi-commercial farming requires an expansion of products and the beginning of business planning 

capacity: what can I produce at a time when there is a market demand, and can I get a good enough price to justify all of my 

effort?  Again, very few subsistence farmers become efficient enough to derive major profitable commercial income from 

farming.  

As indicated allegorically in the lower part of Figure 1 above, if 10,000 sub-subsistence gardeners take part in a farmer 

development programme, perhaps 1,000 will become productive subsistence farmers; of these, perhaps 100 may become 

semi-commercial farmers with a saleable surplus which brings in some cash.   

However, many of these will find less risky outlets for their newly acquired business skills, which is wonderful for the local 

economy, but not always so good for agricultural development.  Of a hundred semi-commercial farmers, perhaps one or two 

may be in a position to intensify production, or to access additional land and capital, and become commercial farmers. 

The upper part of Figure 1 shows how the markets become increasingly complex as gardeners develop into semi-commercial 

and then commercial farmers.  Whereas at the start of this development there is no cash economy involved, gradually 

business management and marketing become a more major part of the farming system.  This increasing complexity requires 

increasing sophistication of production, as planting schedules must be developed according to what consumers want, and 

planning with other suppliers becomes important in order to prevent the market being flooded with too much of certain 

products and not enough of others.  The farmer is soon running a business which may mean that the food produced is too 

valuable to give to neighbours! 

My experience over the past forty-five years (farming organically on eight ha, training farmers and carrying out farming 

systems research and extension – FSR-E) led me to believe that many small scale farmers, especially women, are reluctant to 

become commercial farmers partly because of the change in the nature of their relationships with neighbours in the 

community once they are seen as business people. 

Transformation of our rural and peri-urban areas will require sensitive assistance to communities in dealing with feelings of 

exclusion, and with the commercialisation of basic foodstuffs.  In 1994 I published an article in the journal “New Ground” 

entitled “Sustainable Development: Developing what to sustain whom?” which I then modified in my doctoral thesis 

(Auerbach 1999).  As it is relevant in this discussion of conceptual models for South African agriculture, I paraphrase the 

model below and in Figure 2:  
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Figure 2: Production, Equity, Conservation and Sustainable Development (Source: Auerbach 1994, cited in Auerbach 
1999) 

 

The figure summarises the four common perspectives on rural development which I identified: production, equity, 

conservation of natural resources and sustainable development. 

3. Results and Discussion 

Agricultural scientists are most comfortable with a production-oriented approach, which is often rather short-term and 

technology-centred. This is not to say that National Food Self-sufficiency is unimportant – it is essential, and requires high 

levels of skill and food production experience, as discussed above under commercial farming systems.  In South Africa at 

present, 80% of our gross agricultural product is produced by 10,000 commercial farmers; this is a numerically tiny and 

strategically important fraction of the South African population.  Half of this production comes from only 300 enormous 

farming enterprises, which must be regarded as national strategic key-points for food self-sufficiency.   

However, politicians and social scientists are concerned that the poorer households may not be able to access food if they 

have to purchase it, and therefore Household Food Security is important if there is to be reasonable equity. Transformation 

of South African agriculture depends on the support and development of this group, and this realisation led to a report which 

supported the 1996 White Paper on Rural Development (Auerbach, 1996); this report for the Land & Agricultural Policy 

Centre (LAPC) drew on the privatisation of the Dutch Agricultural Extension System. 

So, a tension exists between the technology-centred process of commercial food production, and the people-centred process 

of household food production; however, both of these perspectives are often short-term in nature.  Commercial farmers think 
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about “making a profit this season to repay my production loan”, while politicians think about “helping the people to eat 

before the next election”! 

Natural resource managers on the other hand, have long been critical of the damage being done to the resource base by 

industrial agriculture. While their philosophy has always been long-term, they were often rather technical in their approach. 

Over the past thirty years, however, the World Wide Fund for Nature (WWF) has increasingly emphasized the importance of 

working with communities, if conservation is to become socially sustainable. 

 “While most conservationists have learned about people, and social scientists are learning about sustainability, those who 

research technical aspects of agricultural production have to learn about both: their research techniques need to take account 

of ways of working with people, and of long-term sustainability.  This is what is required for “triple-bottom-line 

accounting”: economics, environment and equity are all important – we cannot sacrifice any of them.  We need to find ways 

to balance this triple equation.  We also need to balance short-term individual interests (so important to wealth creation and 

the provision of efficient services) with long-term measures to increase both productivity and equity of access to resources, 

without damaging our resource base” (Auerbach 1999, pp6-7). 

Movement towards a sustainable future requires a long-term, people-centred sustainable development perspective, out of 

which sustainable agro-ecological farming systems can develop. 

Earlier, my MSc research had postulated that interventions to assist farmers will be most successful if they focus on relieving 

constraints (such as land preparation, access to seed and soil fertility), rather than providing technical advice, and had shown 

how this can be done practically with maize production in southern KwaZulu. 

In his much-publicised book “The end of poverty: How we can make it happen in our lifetime”, Professor Jeffrey Sachs 

(2005) postulates that if modern agricultural technology (fertiliser, hybrid seeds, pesticides and mechanisation) is combined 

with interventions on education and health, and made available to African villages, small scale African farmers will be able 

to produce a surplus, and by selling this will enter the market economy and improve their livelihoods. This pre-supposes that 

there are roads, trucks, agricultural inputs, finance, demand for the crops and a market able to pay for the crops produced. 

Several critiques of the approach adopted by Sachs claim that it has not worked (Munk 2016; Friends of the Earth Africa 

2017), as the contextual conditions do not simply require technological solutions, but rather human and institutional capacity 

building. Thus I concluded in my comparative analysis of the work of the Alliance for a Green Revolution on Africa’s 

Millennium Villages Project (AGRA-MVP) and the Export Project for Organic Produce from Africa (EPOPA), that 

sustainable development requires a long-term approach to building community participation in agriculture and other aspects 

of rural development. Resilience, biodiversity, improved productivity and strategies which address soil fertility and water 

use efficiency need to be adapted to local conditions and to robust predictions of the major climate change constraints likely 

to affect small scale farming.  Capacity building and farmer support are essential in this process. 

How this can be done has been the subject of the last ten years of research of my agro-ecology group at Nelson Mandela 

University (as reported in Auerbach, Forthcoming): organic farming techniques allow small scale farmers to use local 

resources to make compost; this needs to be supplemented by mineral correction of deficient soils, especially where the soil 

is acidic and low in available phosphate.  At the same time, farmer training and capacity building through institutional 

development is essential for the social and economic dimensions of sustainability. 

The dangers of insufficient attention to the building of local institutions and markets was shown by my comparison of the 

AGRA-MVP and EPOPA projects mentioned above; a histogram from page 30 of my chapter “Transforming African 

Agriculture” (Auerbach, 2013) is reproduced below as Figure 3: 
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Figure 3: A comparison of the performance of the Alliance for a Green Revolution in Africa’s Millennium Village Project 
(AGRA-MVP) and the Export Programme for Organic Products from Africa (EPOPA), with regard to scale of investment, 

number of households reached and cost per household per year (Source: Auerbach 1999, p.30, cited in Auerbach, Rundgren 
& Scialabba, 2013) 

 

Food security, food sovereignty, climate change and food quality: these are four linked topics which all revolve around soil 

fertility and water use efficiency.  However, food systems are also linked to health issues such as diabetes, cancer, obesity 

and malnutrition, as well as to social justice factors such as household food insecurity, women’s access to land, farmers’ 

rights to exchange seed and fair trade access versus dumping of agricultural products; these issues are discussed by my 

research group and several international experts in twenty-four research papers covering research from 2010 to 2018 

(Auerbach, forthcoming).  Food aid, which aims to help those who do not have access to adequate food, often distorts 

markets in a way which makes it difficult for local farmers to recover from droughts, given the unfair competition of free 

food.  Given this complex international context, helping small scale farmers in Africa to produce nutritious food while 

coping with increasingly erratic rainfall and rising temperatures, as well as erratic input supplies and rising prices (especially 

of energy) becomes challenging (Auerbach, 2017).  Figure 2 shows the differences between national food self-sufficiency 

(enough food for the nation) and household food security (access to sufficient food by resource-poor people) and points out 

that both are short term phenomena; conservation takes a longer-term approach, but like national food self-sufficiency, it has 

mostly operated from a technology-centred approach.  Recent changes in conservation strategy have seen a more people-

centred approach involving local communities in the management of conservation areas, and many short-term household 

food security practitioners now try to incorporate longer-term resource conservation strategies. 

Organic farmers around the world have shown that it is possible to use locally available resources to develop sustainable 

farming systems which produce nutritious food while improving the soil and environment (Willer & Lernoud, 2018, 

Auerbach 1999).  Using less poison, less non-solar energy, less externally-purchased inputs, they produce reasonable yields 

of high quality produce with less impact on the environment.  The water- and nutrient-holding capacity of the soil is 

improved, agro-biodiversity is enhanced, and dependency can be avoided by developing systems which do not rely on 

bringing in synthetic fertilisers, agro-chemicals, genetically modified seeds and levels of industrial processing which 

negatively affect the quality of the food produced and of the environment. 

In Europe and the United States there has been considerable progress in long-term research into organic farming systems.  

Notably, the DOK trials in Switzerland showed that over a 34-year research period, comparative organic yield levels are 
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about 80% of conventional yields, with lower levels of inputs and higher nutritional quality on eleven parameters.  Similarly, 

in Denmark, the ICROFS trials at Aarhus University obtained similar results over a similar period, also with a yield gap 

between organic and conventional of about 20%.  In the United States of America, the Rodale Institute in Pennsylvania has 

been able to close this yield gap with a number of crops attaining very similar production levels (organic and conventional) 

in their long term trials.  The Rodale trials found that organic systems tend to out-yield conventional systems in dry seasons, 

where (as in many parts of Africa) irrigation is not available.  All three of these long-running sets of trials (Switzerland, 

Denmark and the USA) found that organic systems require three to four years to build up soil biology to productive levels.  

Many researchers have pointed to the need to change the way we produce food to reduce environmental impacts, use 

resources more effectively and develop sustainable food systems. 

On the other hand, many agricultural scientists dispute the capacity of organic farming systems to “feed the world”, claiming 

that organic farming has much lower yields and therefore requires much more land, they also argue that more water is 

needed and that more carbon is emitted by organic systems than conventional systems. 

To evaluate organic farming systems in southern Africa, long-term trials were established in 2014. The study commenced 

with a baseline study (Auerbach, Mashele & Eckert in Auerbach, forthcoming) to evaluate soil fertility and plant growth on 

the site where these trials were located (George Campus of Nelson Mandela University, in South Africa’s Southern Cape), 

after which the first year of the comparative trials was planted in November 2014.  The Mandela Trials are now in their 

fourth year after the baseline trials, and already the third year data shows good improvement in soil fertility and a closing of 

the yield gap.  This forthcoming book edited by Auerbach examines the changes in soil fertility parameters which have been 

seen in the first two years, the problems which were identified in the organic management system, and the soil remediation 

(rock phosphate) which was then applied. 

The local climate in the southern Cape is characterised by rain in most months, with a mean of 866 mm.  The southern Cape 

lies between the winter rainfall area of the western Cape and the summer rainfall area of the eastern Cape; natural vegetation 

is Cape Fynbos, characterised by highly leached acidic soils with low available phosphate. Winters are cool, but frost is 

rarely experienced; summers are warm, but not as hot or dry as the arid Karoo biome situated north of George over the 

Outeniqua Mountains. The last five years included two unusually heavy rainfall years, while 2016/17 (605 mm) was rather 

lower than the average.  Both modest quantities of compost (at 5 t/ha, only on the cabbage crop, with nothing on the sweet 

potato or cowpea crops), as also moderate chemical fertiliser dressings (200 kg/ha of 2.3.4 [30] + 0.5% Zn, and a top-

dressing of 100 kg/ha LAN [27% N]), yielded reasonable crops. In dry year, the organic system out-yielded the 

conventional, and in the wetter years, conventional out-yielded organic. The site is shown in Figure 4, with cabbages in the 

foreground, and sweet potatoes and cowpeas in the background.   

The soil is acidic and low in available phosphate (Mashele & Auerbach, 2016), and the organic cabbages received less than a 

quarter of the N, P and K nutrients provided to the conventional crops, yet the yields were comparable.  Organic sweet 

potatoes and cowpeas received no fertiliser at all (no compost, no synthetic fertiliser), while conventional sweet potatoes and 

cowpeas received half the fertiliser given to the cabbages (so, 100 kg/ha of 2.3.4 [30] + 0.5% Zn, and a top-dressing of 50 

kg/ha LAN [27% N]); the organic sweet potatoes and cowpeas thus had to rely on nutrients left over from the cabbage crop, 

and this was sufficient to yield a reasonable crop. 
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Figure 4. The research trial site showing cabbages from the control treatment (left front, no fertiliser), conventional 
treatment (back left, fertiliser, no mulch) and organic treatment (right front, compost and mulch) with sweet potatoes behind 

and cowpeas back right (January 2016, R Auerbach). 

The research shows (Auerbach, Forthcoming) that organic farming brings about certain improvements (higher soil organic 

matter, lower soil acidity, better soil biology, aerobic soil conditions, greater water use efficiency).  Initially organic farming 

systems had lower yields (20 to 31%), but this yield gap was eliminated in the third year; in this dry year, rainfed crops out-

yielded equivalent conventional crops by 11%. The trials are laid out as a complete randomised block experiment with 

mono-crop and rotation as factors and plots split for farming system (organic and conventional), with ten treatments and four 

replications. The organic management system raised soil organic matter levels and decreased acidity slightly, but modest 

compost applications alone failed to correct soil P deficiencies. Pests and diseases were a factor in both systems, but were 

controlled reasonably well (organic using biological control methods, conventional using poisons). The P deficiency was 

corrected using rock phosphate, which is permitted in organic agriculture, and the yield gap between the two farming 

systems was closed in the third year (which had lower rainfall); in the fourth (wetter) year, conventional again out-yielded 

organic (Swanepoel et al., forthcoming). Water use efficiency is being assessed with help of hydrologists from the 

University of KwZulu-Natal (Eckert et al., forthcoming), and soil micro-biology with the University of Pretoria (Sibiya et 

al., forthcoming). 

4. Conclusion 

Technology alone (such as synthetic fertilisers, agrochemicals, genetically modified seeds and irrigation) will not solve the 

problems of African food insecurity; it will not (as Jeffrey Sachs claims) “End poverty in our time”.  What is required is 

systematic capacity building of farmer institutions with farmer training using agro-ecological (low external input sustainable 

agriculture or LEISA) approaches.  Together with this, it is vital to build market linkages, and to create consumer awareness 

of the importance of dietary diversity. A LEISA approach will assist in increasing dietary diversity, and agro-ecology will 

support improved agro-biodiversity, improved water use efficiency and food sovereignty.  Household food security will 

improve as small scale farmers move to efficient subsistence farming, and the rural economies will start to develop as they 

move into semi-commercial farming.  Government policies for sustainable rural development will have to understand these 

inter-related, complex truths. 
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Abstract 

The City of Prato, in Italy, is famous worldwide for its textile district. Despite the economic difficulties and the major market 

transformations, the district is still active and vital. The policies of productive re-organization, based on the circular economy 

principles, are recognized at EU level as a model for urban economies improvement. Prato has been always a model of 

innovation in textile sector having historically based its industrial fortune on the reuse of second-hand clothing from all over 

the world. The recycling techniques and valorisation of these fractions - that would otherwise be land-filled or burned - started 

at mid of XIX century – led to consider Prato one of the most advanced and innovative industrial city in Italy. With this mind-

set, part of the DNA of the city, Prato anticipated by decades a behaviour that today is promoted by the “green economy” 

principles and the green management of productive chains in the logic of Circular Economy. The aim of this paper is to 

describe a real experience of industrial symbiosis, performed both by the Municipality of Prato together with local enterprises, 

organisation and the scientific community. At present, the Municipality of Prato is the Italian representative in the EU’s “Urban 

Agenda: Circular Economy Partnership” initiative. The Urban Agenda project would enhance EU policies, strengthen the EU’s 

understanding of urban issues, and would share best practice strategies. Thus, the Partnership aims to stimulate the re-use, 

repair, refurbishment, and recycling of existing materials and products, in order to promote growth and to create new job 

opportunities. Within the Partnership, the Municipality of Prato leads the debates regarding wastewater reuse and conducts the 

team discussing on sustainable buildings. About wastewater, Prato was one of the first industrial district, at European level, 

arranging a close water cycle. A system, which led to significant results in terms of green infrastructures and green economy 

and that has been studied, promoted and replied elsewhere (since the early 1980s the Prato district has been a case study in the 

investigation of innovative environmental recycling dynamics). Therefore, Circular Economy in Prato also means the reuse 

and the transformation of existing building, in particular the dismissed ones situated in industrial areas, with the logic to 

improve the environmental performance of buildings and infrastructures in their entire life cycle. 

Keywords: Industrial symbiosis, Circular economy, Urban agenda, Wastewater reuse.  

 

1. Introduction  

Industrial symbiosis consists of place-based exchanges among different entities. By working together, businesses strive for a 

collective benefit greater than the sum of individual benefits that could be achieved by acting alone (Chertow M. R., 2000). In 

fact, in a developed economy with several industrial activities, many different by-products are generated, and the range of 

potential uses for them can be equally various, according circular economy principles. At city level, this kind of collaboration 

can advance social relationships among the involved local actors, including surrounding neighbourhoods. Activities involve a 

form of brokering to bring companies together in new positive collaborations, finding innovative solutions to use resources, 

and thus to increase revenues while reducing waste. 
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In 2015, the European Commission has adopted a “Circular Economy Package” (CEP), which includes revised legislative 

proposals on waste to stimulate the transition from the old concept of linear economy to the more recent one of “circular 

economy” (CE). CEP consists of an action plan that establishes a concrete action programme, with measures covering from 

production and consumption to waste management and the potential market and reuse of secondary raw materials (European 

Commission, 2015). These actions aim at both promoting to close the loop in products’ life cycle and bringing benefits for 

both the environment and the economy. CE enables, in fact, the development of a brand new paradigm, where the new model 

of CE overcomes the concept of an economy that close the loop with waste (Ellen Macartur Foundation, 2015). Today, both 

the reasons for the sustainability and the environmental impact suggest a radical switch to the new circular paradigm, with 

positive conditions leading to a full exploitation of the big potential of this new approach (Ghisellini P., et al., 2016). One of 

the most important challenges that the CE has to face is the necessity, in the near future, of designing indicators capable to 

assess the level of efficiency in terms of reduction, reutilization, and recycling of waste generated in the linear economy model 

(Molina-Moreno V., et al., 2017). During the Dutch presidency of the European Union in 2016 the Pact of Amsterdam (PA) 

was adopted by EU Ministers responsible for Territorial Cohesion and/or Urban Matters. PA strives to involve Urban 

Authorities in achieving better regulation, better funding and better knowledge, considering cities as drivers of innovation. 

The Urban Agenda for the EU (UAEU) helps to ensure that these facts are acknowledged and reflected by EU legislation, 

funding and knowledge sharing. UAEU is composed of 12 priority themes essential to the development of urban areas and 

each theme has a dedicated partnership. These partnerships bring together cities, Member States and European institutions. 

Together, they aim to implement the UAEU by finding workable ideas focused on the topics of EU legislation, funding and 

knowledge sharing. One of these partnerships is the EU Partnership on Circular Economy (PCE). Cities play an essential role 

in the development of a circular economy; they act as enablers of potential measures by which they can influence both the 

consumers and the businesses (Kirchherr, J., et al., 2017). Moreover, overall governance, enabling businesses, public 

procurement, consumption and resource management are the themes that would all have a bearing upon the development of 

circular economy concepts within cities.  

The City of Prato is one of the largest Italian industrial districts and one of the most important textile and clothing production 

centres in the world. According the local Chamber of Commerce, the manufacturing district counts 35,000 direct employees 

and 7,200 companies, which produce 17% of Italian textile exports. The overall revenues consist of 65% textile and 35% 

tailoring, with an estimated total sales volume of 400M EUR per year. Since the post-war period, textile waste management 

has represented one among the main drivers for textile district development: recovery and recycling of natural fibres from rags 

and used clothes were the basis for the Prato’s yarn and textile industry. Prato has been always a model of innovation in this 

sector having historically based its industrial fortune on the reuse of waste from the textile process and on the reuse of second-

hand clothing from all over the world. The evolution of materials technologies, together with the progressively changing 

market demands have led to a profound transformation both in industrial processes and in the use of materials. Furthermore, 

new players have entered the textile industry context: since the '90s a tailoring parallel district, handled mainly by the Chinese 

community, has settled in Prato’s industrial areas  

At present, the Municipality of Prato (MoP) is the Italian representative in the PCE initiative. While UAEU will enhance EU 

policies, strengthen the EU’s understanding of urban issues, and share best practice strategies, PCE aims to stimulate the re-

use, repair, refurbishment, and recycling of existing materials and products, all of which will help promote growth and job 

opportunities. The partnership consists of six urban authorities, namely the City of Oslo, The Hague, Prato, Porto, Kaunas and 

Flanders region. The Member States are Finland, Poland, Slovenia and Greece. The European Commission (in particular DG 

Regio, Dg Env, DG Clima, DG RTD, DG Grow), the Council of European Municipalities and Regions, Eurocities, Urbact, 

the European Investment Bank and the Association of Cities and Regions for sustainable Resource management are also 

partners. The MoP is a leader in the debates that have emerged regarding waste water reuse and on sustainable buildings and 

the authors of this paper are taking part of all debates and meeting within the partnership.  

ARCO is a university action-research centre founded in 2008 at PIN S.c.r.l. (Polo Universitario “Città di Prato”) – University 

of Florence that integrates the expertise and skills of economists, statisticians, political scientists, sociologists, commodity 
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scientists, and technical professionals. ARCO is organized into five strategic research units: local development, social 

economy, M&E and impact evaluation, inclusive development, sustainable food commodities. On CE, ARCO consults with 

the MoP and offers its scientific and technical support especially on the topic of the circularity of production processes. ARCO 

participates to the meetings and the workshops within the Partnership, contributing to contribute at the discussion and 

proposing ideas along the way.  

 

2. Methods 

In order to describe the main actors involved in the application of CE strategies and policies and the main projects that take in 

place by the MoP within the new Urban Master Plan of the City, this study has adopted a methodology based on the active 

involvement of the stakeholders. In particular, the following activities were conducted: a) Desk-based analysis of reports and 

publications on CE; b) Conduction of semi-structured interviews with local representative stakeholders; c) Participation at all 

debates and meeting within the PCE. This methods has allowed diversifying the sources of information, digging deeper in all 

relevant topics  in order to obtain a comprehensive and consistent picture of the main issues.  

 

3. Results and Discussion 

MoP is currently managing innovatively, with a circular approach, its territory, "rethinking" itself without forget its past and 

to face new challenges for a more sustainable future. The application of the CE approach within the territory of Prato  involves 

all the main production activities and actors including municipalities, companies, cooperatives, associations and citizens, in 

order to create new economic and social opportunities without consuming new resources (“Rethinking the City”). The Prato’s 

model for CE (see figure 1) aims to promote a holistic and systematic governance, bringing together public authorities, 

universities and R&D centres, enterprises and their associations, NGOs and citizens. This governance model envisages the 

following forms of interaction:  

 Public authorities promote research and innovation for the CE;  

 Citizens and NGOs engage with research institutes to explore the potential of new innovations, with a strong 

attention to the social implications of the circular economy;  

 Enterprises work with citizens to co-design new business models for circularity services;  

 Businesses and public authorities collaborate to define and deploy circularity services in the public interest, including 

green public procurement and innovation.  

In terms of waste management (“Reducing waste”), Prato can bring sound experiences to explore in depth the 5 "R" (Reduce, 

Reuse, Recycle, Recover, Residual treatment) of the waste strategy. This approach is fully part of the strategy of Prato, 

investigating the use of waste in different production chains, bringing together the private and public organizations that operate 

in the reuse sectors with the aim to produce innovation, aggregation and networks. Significant effort will be devoted to the 

reduction, reuse, and recycling of the waste materials. In particular, synthetic fibre residues create a substantial concern 

regarding a sustainable recycling strategy. The circular approach is fully part of consolidate policies in Prato, investigating the 

use of waste in different production chains and new operational innovative actions, bringing together the private and public 

organizations that operate in the reuse sectors with the aim to produce innovation, aggregation and networks. As a result, Prato 

can be conceived as a great experimental re-cycle district; a model of development and management of the city under the 

principles of the CE as a paradigm to have citizens taking care of their territory and institutions closer to citizens' needs. 

Nowadays, within the textile district, synthetic textile waste are not suitable to be used within the traditional recycling process. 

In fact, discarded scraps of synthetic textile that end to become a waste is a key problem for the city and the textile district. 

Furthermore, starting from January 2017 textile waste are considered “special waste” and therefore can no longer be disposed 

in the undifferentiated bins. The main factors that limit the possibility of waste recovery are the great variety of textile fibres, 
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which make problematic classification and recycling and illegal disposal of textile scraps. Very often, these scraps are 

abandoned in the street or in hidden places or burned in abusive land fields. Beyond the environmental aspect raised by 

incorrect and illegal disposal of the textile waste, this challenge entails as well economic and social facets as it generates 

economic cleavages undermining the principles of competition between enterprises and also social cleavages between citizens, 

which jeopardize integration process and efforts made so far for building a cohesive society. 

 

Figure 1. Prato’s circular model 

 

Source: Author. 
 

 

New policies has to take into consideration both citizens and entrepreneurs, in order to reduce the gap within potential bad 

waste management and to help in a general rebuild of the social cohesion. Thus, one of the main goal of the adoption of a new 

CE approach is to strengthen the social cohesion at urban level (“Rebuilding Social Cohesion”) through the construction of an 

inclusive and supportive community, based on the principle of sharing and creative reuse as a mean to stimulate innovative 

driving forces for business activities: starting from the recovery of waste and materials that others consider refuses/rejections, 

also considering social purposes and charity, within the paradigm of the Sharing Economy. One of the main local stakeholder 

managing technical innovation on the collection and the reuse of textile synthetic fibres is Programma Ambiente (PA), a 

publicly owned company leader in ecology and environmental management. A thorough technical, legal and administrative 

knowledge of the subject, cutting-edge equipment, a wide array of services, a deep customer focus, and a strong innovative 

ability, are the grounds on which the company has been founded, which is synonym with safety, reliability, research and 

innovation aimed at reducing the use of waste management facilities and maximising the recycle and reuse of waste. With its 

organisation linked to market dynamics and the endless developments of the industry, PA provides its expertise to public 

organisations that look for answers and solutions to any environmental issue. In the management of the waste cycle, the 

corporate strategy pursues the reuse of energy and materials through players who can provide innovative solutions through 

research. Depending on the season, these residues are from synthetic and natural fibre. In particular, synthetic fibre residues 

create a substantial concern regarding a sustainable recycling strategy. Today this material is disposed through landfill only as 

the calorific value is too high for waste incineration. Landfill disposal is also problematic as the capacities are declining and 
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costs are rising. In contrast, natural fibre would provide more options for material recycling if collected separately, as proposed 

by PA. In this context, the described waste disposal requires constant creation of new landfill spaces, which is in contradiction 

to the environmental goals, including ecosystem protection. Moreover, the synthetic textile waste has become a new issue to 

be addressed both from the collection and from the end of life management point of view. There are different reasons for low 

recycling rate of waste textiles, which are related with the different composition of textile goods being composed of various 

materials such as cotton, wool, rayon, polyester, nylon, etc., making it difficult to separate the waste textiles. Within this 

project, following the CE approach, new proposals and ideas will look for new technologies that offer a pathway towards the 

sustainable recycling of synthetic fibre residue from the local garment industry.  

Within the PEC, MoP leads the discussion on wastewater reuse. In fact, Prato was the first industrial district arranging a close 

water cycle so to be able to reuse wastewater more than one time within the textile productive process. In 1981 was created, 

following the introduction of Italian Law 319/76, the Gestione Impianti Depurazione Acque S.p.A. (GIDA), a mixed private 

and public limited company. Thanks to the construction of the Baciacavallo plant, the first nucleus of the current centralised 

system of civil and industrial wastewater treatment, the MoP and the Prato Industrial Union, agreed on the creation of a 

synergic strategy in order to guarantee the satisfaction of one of the main need of the Prato textile industry and the safety of 

the population of Prato. The plant’s first unit dates back to 1980. In 1986 the treatment line was doubled. In 1992 the ozonation 

plant was built for the removal of surfactants and colour. In 1999, the tertiary treatment of flocculation was doubled and, at 

the same time, the section for dewatering the resulting sludge was improved and modernised. Weekdays the plant can treat up 

to 130,000 m³/d, breaking down up to 100,000 kg of COD per day and 4,500 kg of surfactants per day. It essentially consists 

of stages for equalization, primary sedimentation, biological oxidation, sedimentation, flocculation and a final refinement with 

ozone to remove colour and surface residues. The sludge line consists of gravity thickening, mechanical dewatering by 

centrifugation and sludge incineration. This last stage uses a multi-level incinerator of 100 t/d, supplied with post combustion, 

a wet scrubber tower for fumes, dust collector and continuous emission analyser. The sludge resulting from the treatment 

process can reach 30,000 t/a with 75% moisture. Wastewater treatment plants play a fundamental role in the water supply 

chain as they enable water sanitation and reuse. Wastewater treatment is the process where organic and inorganic pollutants 

are removed from the sewage. Wastewater cannot be released directly into the environment as soil, sea, rivers, and lakes are 

unable to degrade quantities of polluting substances higher than their own disposal capacity. The main pollutants that can be 

removed following treatment are biodegradable organics (e.g., biochemical oxygen demand or BOD), suspended solids, 

nitrates, phosphates, and pathogenic bacteria. With the current emphasis on environmental health and water scarcity affecting 

some European countries, there is a growing awareness of the need to dispose of such waste in a safe and beneficial way, as 

instructed by the Directive 91/271/EU on urban wastewater treatment, and Directive 2013/39/EU on monitoring micro-

pollutants. Due to risks on human health and the environment, the reuse of water has strong limitations in the existing EU, at 

national and regional regulation of water and waste water. More efficient reuse of water will be essential in the transition 

towards a CE. There are currently several projects and initiatives to reuse wastewater all over Europe. Mainly, there are 

currently projects and initiatives to reuse wastewater, after treatment, in the same productive sector (e.g. reuse of water in the 

textile production process). Due to legislative and technological barriers, wastewater from industrial production activities for 

irrigation and agricultural use is not possible at this time. Differences in member state and regional regulation lead to 

differences in the possibilities for cities to investigate and use existing knowledge. Current barriers identified are among others: 

i) Wastewater from industrial production activities has more regulatory limitation to be reused than urban waste water. ii) Most 

cities have a unique system for collection waste water, including waste water from industries and commercial activities which 

results in the limitation for these cities to reuse water. iii) Lack of quality standards for production processes using recycled 

water. PEC has identified a need for highlighting the potential for better use of water in EU, member states and city policy, 

taking into account that the proposal of changes in European regulations could be an important step towards better water 

efficiency. 
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Therefore, CE in Prato also means the reuse and the transformation of existing buildings (“Rethinking the City”), in particular 

those unused ones situated in industrial areas, with the logic to: i) create new economic and social opportunities without 

consuming new land (following the paradigm of the "zero volume" growth); ii) improve the environmental performance of 

buildings and infrastructures in their entire life cycle; iii) propose new urban scenarios. At this regard, it is also worthwhile 

mentioning that Prato has three major urban redevelopment projects in this sector: the Integrated Urban Plan (PIU) financed 

by ERDF funds of the Regional Operational Programme of Tuscany, the Plan for the redevelopment of Degraded Areas (PAD) 

and the Plan for Urban Renewal and the Security (PRIUS) both financed by national funds. PAD aims to regenerate a degraded 

area subject to marginalization and social degradation. The Plan includes an integrated set of interventions that aim to improve 

the urban quality by redeveloping/recovering public spaces for leisure, outdoor spaces (including a park by the river side of 

Bisenzio), social housing opportunities and new services offices for the citizens. PRIUS aims to redevelop/recover an area of 

the City of Prato that is also subject to marginalization and social degradation (the area is contiguous to the one of PAD and 

includes the area external to the walls of the old town). Similarly, the objective of PIU is to regenerate the wide industrial area 

called “Macrolotto Zero”, characterised by a high density of Chinese nationality population, by enhancing the public space 

and the collective assets of the industrial district, through the emergence of new urban polarities, by triggering environmental 

and socio-economic transformations of the area for a greater sustainability and cohesion of the urban development. These 

interventions aim to regenerate parts of the historical centre and areas next to the historical walls through high quality 

architectural projects that recover public space and reverse the current trend towards degradation and neglect. The areas will 

be newly available for the citizens by recovering existing buildings and creating new public spaces. Main purposes of these 

areas will be recreation and service (e.g. shops, public offices, green areas, bus lines etc.). The projects also stimulate new 

patterns of urban vehicular and pedo-cycle traffic, in line with the Urban Plan for Sustainable Mobility (PUMS). Along with 

the above-mentioned projects, the City also launched a call for projects to demolish the former and now unutilised hospital 

with the aim to creating a central public green area. The Prato Central Park project (see figure 2) operates an innovative 

selective demolition of the hospital that integrates elements of the dismissed building in the park, in line with the productive 

circularity concept. The winning project provides a convincing solution for the future of the area, which draws perspective 

from the re-integration of works (e.g. contemporary sculptures) of the Museo Pecci collection. The three hectares mostly open 

area of the park will become a focal point for the vitality of the city outside the walls.  

 

Figure 2. Project rendering of Prato Central Park 

 

Source: Municipality of Prato (http://www.ilparcocentralediprato.it/) 
 

 

The Urban Master Plan of the City defines specific strategies aimed at “recycling” existing buildings by means of reuse and 

transformation, according to local specificities. The places of industrial archaeology buildings within the old town (along the 

historical walls of the city and in the ancient areas of expansion for the old town) to be reconsidered for public and public / 

private functions in order to integrate and enhance the existing public functions and services.  
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4. Conclusions 

This paper aimed to outline the role of the MoP within the EU Urban Agenda partnership and their main policies on CE. In 

fact, the City of Prato can be conceived as a great experimental re-cycle district; a model of development and management 

under the principles of the CE as a paradigm to have citizens taking care of their territory and institutions closer to citizens’ 

needs. The adoption of a holistic and systematic governance with the three proposed pillars (“Reducing waste”, Rethinking 

the city”, “Rebuilding social cohesion”), in the long period, will contribute to a progressive improvement at urban level of the 

experiences on this topic. More, this approach will contribute to enhance the engagement of citizens and NGOs exploring the 

potential of innovations and co-design of new business models for circularity.  
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Abstract 

Within the frame of the EIT Raw Materials, STORM (Industrial Symbiosis for the Sustainable Management of Raw 

Materials) is a Network of Infrastructures project aiming at establishing an excellence network dedicated to provide services 

and tools to external customers for the implementation of innovative, sustainable business and cooperation models, focusing 

on industrial symbiosis. STORM consortium is based on 11 partners, coordinated by ENEA and characterized by 

complementary competences for exploration and evaluation of secondary resources, waste management, waste recycling, 

eco-innovation, industrial ecology. Several activities were carried out in the first two years (2016 and 2017): 1) a database of 

the services available for external use was established (STORM toolbox), 2) two industrial symbiosis pilot applications with 

the involvement of companies were performed in Ljubljana (Slovenia) and Assisi (Italy), 3) a workshop with institutions and 

companies was held in Bilbao (Spain), 4) the business model for the self-sustainability of the network, 5) promotion 

campaign for stakeholder involvement. 

 

Keywords: Circular economy, Matchmaking,  New business models, Resources sharing 

1. Introduction  

Industrial symbiosis (IS) addresses at making the residues of one productive sector available for another one: industrial 

symbiosis engages diverse organisations in a network to foster eco-innovation and long-term culture change. Creating and 

sharing knowledge through the network yields mutually profitable transactions for novel sourcing of required inputs, value-

added destinations for non-product outputs, and improved business and technical processes (Chertow, 2000; Lombardi and 

Laybourn, 2012). 

In the framework of the strategies and tools for closing cycles of resources and circular economy, a growing interest towards 

“industrial symbiosis” stands out, addressed at making the residues of one activity available for another one. This approach is 

not only a potential factor of competitiveness for industrial activities, but also a factor of enrichment: instead of being thrown 

away or destroyed, surplus resources generated by an industrial process are captured then redirected for use as a ‘new’ input 

into another process by one or more other companies, providing a mutual benefit or symbiosis (Martin et al., 2015). At all 

levels in Europe—local, regional, national, and international—industrial symbiosis (IS) is increasingly being seen as a 

strategic tool for economic development, green growth, innovation, and resource efficiency. The European Commission 

assigned to industrial symbiosis a strategic role in the efficient use of resources, clearly identified in various planning 

documents (see for example the “European Resource Efficiency Platform” – EREP, the “Roadmap to a Resource Efficient 

Europe”, the Communication COM (2014) 398 “Towards a circular economy: A zero waste programme for Europe”). 

Furthermore, the European Commission identified the need to promote industrial symbiosis and announced a revised 
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European regulation of waste in order “to clarify uses of by-products to facilitate industrial symbiosis and help a level 

playing field across the EU” (European Commission, 2015).   

Industrial symbiosis is an important topic in several funding opportunities at National and European level. The STORM 

(Industrial Symbiosis for the Sustainable Management of Raw Materials) project is an example of running project on 

industrial symbiosis (01.01.2016-31.12.2018). The STORM activity has received funding from the European Institute of 

Innovation and Technology (EIT), a body of the European Union, under the Horizon 2020, the EU Framework Programme 

for Research Innovation. In particular, STORM is a Network of Infrastructures (NoI) project of the KIC (Knowledge and 

Innovation Community) Raw Materials. STORM consortium is based on 11 partners, coordinated by ENEA (Table 1) and 

characterised by complementary competences for exploration and evaluation of secondary resources, waste management, 

waste recycling, eco-innovation, industrial ecology. cover a wide range of knowledge, competences and experiences over the 

impacts generated by raw materials over the full life cycle, with a good complementarity.  

 

Table 1. STORM partners 

Partner Type Country 

Agenzia nazionale per le nuove tecnologie, l'energia e lo sviluppo economico, ENEA Research Italy 

AGH Akademia Górniczo-Hutnicza im. Stanisława Staszica University Poland  

Bay Zoltan Nonprofit Ltd. for Applied Research, BZN Research Hungary 

IVL Swedish Environmental Research Institute Research Sweden 

Fundación Tecnalia Research & Innovation Research Spain 

Università degli Studi di Milano Bicocca University Italy 

ASTER S. Cons. P.A. Research Italy 

DMT GmbH & Co. KG Business Germany 

Slovenian National Building and Civil Engineering Insitute – ZAG Research Slovenia 

TU Bergakademie Freiberg, Institute of Metal Forming University Germany 

Mineral and Energy Economy Research Institute of The Polish Academy of Sciences, MEERI Research Poland 

 

Within the frame of the European Initiative on Raw Materials, the Project objective is to implement a long term self-

sustainable excellence network dedicated to provide services to external customers for the implementation of innovative, 

sustainable business and cooperation model solutions for the all-round recycling and/or exploitation of raw materials. In fact, 

the STORM Network will provide a unique opportunity for trainees and SMEs to access a coordinated group of excellent 

expertise in the eco-innovation field. Moreover, the purpose of the network is to support innovative companies and to 

facilitate the exploitation of European secondary resources via new forms of collaboration (complementary competences, 

infrastructures, instrumentation, software, database, best practices, etc.). Drawing on the lessons learnt during numerous case 

studies on industrial symbiosis in Europe and in other parts of the world, the project will provide (and optimize where 

necessary) tools to support companies that are interested in implementing practical measures, which are aligned with the 

concepts of industrial symbiosis and the circular economy. The concept of these strategies is that cost reduction, added value, 

reduced environmental impacts and new business opportunities can derive from a process of cooperation (Chertow and 

Lombardi, 2005) also in a Europe-wide context, which, if self-sustained over time, will be beneficial for all partners 

involved. The Network coordinated approach will ensure also the addressing of energy efficiency issues, the minimization of 

environmental impact and the economic sustainability. The project will also offer guidance to local and regional authorities 

when planning new industrial parks or revitalizing existing areas and it will help to achieve a higher level of resource 

efficiency and greater harmonization of national waste strategies.  

The harmonisation of database, formats, platforms and tools along with the development of a common methodology for 

industrial symbiosis implementation will make it possible their transferability and duplicability to other countries, materials, 
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themes, markets, audiences, partners. This will promote an attractive opportunity for industrial and commercial sites in 

Europe. It will also include suggestions for innovative private-public partnerships, where applicable.  

The idea of the project is inspired from other existing initiatives and projects carried out by partners (see for example Cutaia 

et al., 2014a; Cutaia et al., 2014b; Cutaia et al., 2015, Cutaia et al., 2016; Luciano et al., 2016). 

This paper is focused on the activities carried out in 2016 and in 2017 on promotional campaign for stakeholders 

involvement, industrial symbiosis (pilot applications and methodology), and business model. 

 

2. Methods 

2.1. Work plan 

The NoI is established as a provider of services on the field of industrial symbiosis in the framework of a common language, 

methodologies and databases. The following macro activities will be carried out: definition of Internal Governance, definition 

of services offered to potential customers, definition and management of the procedures for third parties access to the 

infrastructure, marketing and dissemination, workshops and strategy meetings of the network partners, long term strategic 

development and business plan. In detail the activity was organised as follows, according to the WPs shown in Table 2: Phase 

1: Network building; Phase 2: Service building; Phase 3: Service establishment. 

 

Table 2. STORM Working Packages 

WP WP name Activities in STORM 

0 
Coordination and 

management 

Definition of internal governance (i.e. Executive Board, Common strategy) 

Kick-off meeting and Workshops 

Strategy meetings of the network partners (telcos, webinair, etc.) 

1 

Definition of the 

competencies and 

tools database 

Definition of service offers to potential customers and procedures for third parties access to the 

infrastructure 

Information collection (knowledge, experience, technologies and examples, tools owned by partners, 

formats, best practices) 

Sharing, comparison and attempt for harmonisation of the information collected at point 4 

2 

Definition of the 

STORM toolbox and 
of the methodology 

Definition of service portfolio, target audience, communication strategies and collaboration  

Set-up of common and/or tailored methodology, sharing of specific industrial symbiosis tools through 
specific agreements and conditions 

3 
Involvement of 

focused stakeholders 

Involvement of focused stakeholder. Country specific involvement campaign and promotion towards 

selected targets 

4 
Implementation of 

industrial symbiosis 

pilot applications 

Organisation and implementation of first pilot applications 

5 

Implementation of 

specific industrial 
symbiosis case 

Development of specific industrial symbiosis cases, according to the demand coming from stakeholders 

6 

Long term strategic 

development and 
business plan 

Long term strategic development and business plan 

7 
Dissemination and 

communication 

Implementation and management of STORM web site 

Promotional activity  

 

2.2. Communication plan and promotional activity 

The purpose of the communication plan is to ensure relevant, accurate, and consistent project information to project 

stakeholders and other appropriate audiences in order to promote the success of the project. 

The key communication objectives for the project are to:  

- raise awareness of the project existence; 

- encourage use of project management best practices; 
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- give accurate and timely information about the project (progress, outcomes and results) among relevant stakeholders; 

- encourage the participation of relevant actors and target audience for the achievement of the objectives of the project; 

- raise awareness and capacity building among the project partners and the external stakeholders; 

- foster the use of the Project outcomes among the stakeholders, with special emphasis on industrial symbiosis in Europe. 

The STORM communication and dissemination plan consists of the following elements: 

1. monitoring the progress, realising objectives and communicating about this within the project; 

2. identification of target audience, as those individuals/entities who should be informed about the project outputs: 

a. stakeholders (potential customers of the network): companies (including SMEs), associated SMEs, industrial 

parks/districts, municipalities/regions/public authorities, industrial associations, start-ups, national clusters, 

chambers of commerce; 

b. other third parties: environmental authorities, environmental consultancy companies, environmental advisers, 

ministries of commerce, professional associations, technological platforms, other European industrial symbiosis 

network, other NoIs of the KIC Raw Materials, universities and research centres, National and International 

Networks, Research networks (e.g. ISIE Eco-Industrial Development Network); 

3. identification of the dissemination material (messages or topics) to be used. The list of the topics to be communicated, 

the list of the main outcomes of the project are general information about STORM (Level 1), focus on industrial 

symbiosis for stakeholders awareness (Level 2), services offer of STORM (Level 3), Activities of STORM (Level 4), 

results of the STORM activities (Level 5); 

4. identification of instruments and media for dissemination, communication channels: 

a. promotional and publicity materials and documents: materials and documents to inform on STORM, services offer, 

STORM activities and results (leaflets in different languages, flyers, brochures, roll-ups, posters, project reports); 

b. digital and multimedia materials: STORM web site, informational video(s), promotional video(s), presentations (ex. 

PowerPoint); 

c. website news and articles: news (on STORM website, other KIC Raw Materials projects web sites, EIT Raw 

Materials web site, Thematic sites/online thematic, Project partners websites), articles on web sites focused on 

environmental information, information spread through the International Society for Industrial Ecology (ISIE) and 

industrial symbiosis groups, scientific publications, email marketing, periodic news around the project and on key 

issues via dedicated STORM newsletter, ENEA newsletter and ASTER newsletter (FIRST); 

d. Events: presentations at conferences, exhibitions, specific events on industrial symbiosis, etc.; 

e. LinkedIn; 

f. Twitter; 

g. press releases before and after each STORM event; 

5. planning of the dissemination activities. The planning of the dissemination activities are documented in the 

Communication Matrix; 

6. implementing and monitoring of the dissemination activities. Updates or changes may be required as the project 

progresses or changes are approved. Changes or updates may be required due to changes in personnel, scope, budget, or 

other reasons. Additionally, updates may be required as the project matures and additional requirements are needed. 

According to the Communication Plan, the aim of the promotion campaign is to publicize the services provided by STORM 

to a well-defined target audience, and arise enough interest in them toward these services and so to prepare the sustainable 

operation of the network. The steps that the consortium follower and will follow are: 

1. collecting stakeholder data into a common database. The stakeholders in this database will be directly informed about 

the services available within STORM. The aim is to collect at least 600 stakeholders/customers list. The database will 
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include the following information: name of the company, location of the company (complete address, country), 

industrial sector (description and NACE code, if available), web site, availability of other detailed information (Yes or 

No), such as name of the reference person, role of the reference person, contact (phone number and/or email) of the 

reference person, etc., partners owning the detailed company information and on the reference person; 

2. preparing a Communication strategy and promotion plan; 

3. implementing the promotion campaign on the basis of the Communication Plan. 

The industrial sectors will be identified according to the recommendation from the KIC RM for the resources to be focused 

on.  Related to the national provenance of the users, STORM looks at users in the STORM partner countries works due to the 

language issue, but the project is also open for other countries. The target countries are: Italy, Slovenia, Hungary, Germany, 

Poland, Spain, Sweden.  

 

2.3. Industrial symbiosis pilot applications and industrial symbiosis workshop 

Two industrial symbiosis pilot applications with the involvement of companies were performed in Ljubljana and Assisi in 

2017. Both were joint events: with the Slovenian Chamber of Commerce and Industry and Sviluppumbria (the Multi-

functional Agency of the Umbria Regional Authority), respectively. In both cases the personal contact with companies was 

very important for their involvement in the project.  

In the framework of the project, a workshop called “How to obtain benefits from your resources /wastes" was launched in 

Bilbao on 20th of December with the main objective of present the main concepts and strategies of  the Symbiosis Industrial 

to the Basque enterprises and to identify the main opportunities of synergies between them. The most relevant companies in 

the different sector was personally called by phone to explain which are the main objectives of the event  and to be aware of 

the role that companies play in promoting symbiosis. 

 

2.4. Industrial symbiosis methodology adopted in the pilot applications 

In Ljubljana, and in Assisi, we adopted 2 different methodologies and formats for collecting the resource data from the 

participating SMEs in the matchmaking events. ENEA had already tested both the methodologies in other projects at the 

national level. As outlined in the objectives of the STORM project, we want to define a common methodology and common 

formats to be used in the specific industrial symbiosis case(s) to be held in 2018. The differences in the two methodology 

used concerns only the pre-event activity and the the forms used during the event. 

Before the event 

Concerning the pre-event activity, e.g. a few days before the Assisi pilot application (no pre-event activity for the Ljubljana 

pilot application), the registered companies are requested to fill in an Excel file and to send it back. The file has 2 sheets for 

company records (Figure 1) and another for input-output resources data collection (Figure 2). Some information can be filled 

in by the use of a drop down menu (input/output, resource type, classification, production).  

During the event 

During both the events, the delegates (one for each company) are divided in different tables (max 12 delegates per table). 

Different industrial sectors have to be represented at each table. Besides the participating SMEs, the following personnel are 

involved in the matchmaking event: 

- 1 facilitator per table; 

- 1 room coordinator; 
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As the matchmaking involves companies from different industrial sectors, normally people do not know each other, so the 

facilitator asks delegates at the same table to briefly introduce themselves: who they are, which company they’re from, what 

they expect to get out of the workshop. 

The delegates are requested to put their Input and Outputs ideas of potential waste/by-products to be exchanged on the forms.  

In Ljubljana workshop input and output forms were printed on different coloured papers, as for the Ecoinnovazione Sicilia 

project (see for documents and formats Cutaia et al., 2014a; Cutaia et al., 2015): delegates wrote one resource per form (left 

side of the form). 

 

 
Figure 1. Sheet for collecting the company report before the Assisi pilot application 

 

 
Figure 2. Sheet for collecting data on input/output resources before the Assisi pilot application 

 

During the Assisi event, input and output forms were reported on the same form: one form for all the inputs and one form for 

all the outputs (left side of the form) (Figure 3). 

Once all delegates from each table have completed their forms, they are guided through the synergy identification process: 

- the delegates read the contents of their forms to the other delegates in the group; 

- the delegates indicate that they have a potential interest/synergy for the resource; 

Name

Legal headquarters - Address (included city and country)

Legal headquarters - phone number

Legal representative

VAT number

Activity sector (description)

Activity sector - NACE code

Operational headquarters - Address (included city and country)

Operational headquarters - phone number

Reference person (Name and surname)

Web site

E-mail address

Number of employees

Certifications

COMPANY RECORDS

Input/output
resource 

(description)

resource 

(commercial name)

resopurce 

type (1)

resource type 

(2)

classification  if 

waste (European 

waste catalogue - 

EWC)

classification if by-

product (ProdCom)

classification if 

service (NACE code)
production quantity

unit of 

measure (SI)
other

DATA ON INPUT/OUTPUT RESOURCES
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- when a match is identified, the matching company signs the sheet (right side of the form); 

- the facilitator is asked to gather all of the forms and passes them to the team member allocated to the role of room 

coordinator who will move them to the next group, in order to repeat the process of looking for cross-tables matches; 

- the facilitator keeps a tally of how many synergies have been identified from each set of forms; 

- a single member of the team will be coordinating the workshop and overseeing the movement of forms;  

- the work ends when the forms have made the rounds of all of the tables. 

 

 
Figure 3. Input and output form used during the Assisi pilot application 

 

After the event 

After a few days ENEA sent to each delegate participating to the Assisi pilot application a summary report showing, in brief, 

the first results of the event (Figure 4). Since the companies were all from Italy, the document was prepared in Italian in order 

to facilitate the communication with and companies. The summary reports contains the following information: number and 

name of companies involved in the event, number of resources shared and of matches identified, marks received from 

companies, next steps. The summary report was not prepared for the Slovenian pilot application. 

Then, ENEA created a report database file in which all the data collected is reported: company details; company outputs; 

company inputs; matches. 

ENEA analysed the data, searched for additional matches, created a single company report in which the matches of each 

company will be reported, to be sent to the interested company(ies). Furthermore, ENEA developed operative handbooks for 

the main synergies with the cooperation of the companies involved. 

In the final phase ENEA: 

Company Code: Name of the delegate:

N.
In - 

Out
Resource (description) Location of the resource

Resource 

type* 

Waste/ by-

product

Batch / 

Annual
u.m. quantity

destination (for 

output)

Table 

N.

Company 

code
quantity

* indicate if material, energetic by-product, service, capacity, etc.

Companies interested for 

matching

Company having the resources or needing the resources
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- carried out a consultation meeting among the companies involved in the possible paths of selected industrial symbiosis, 

ENEA and other stakeholders, where they discuss feasibility and different characteristics for implementation them; 

- reviewed the handbooks based on feedbacks obtained during the consultation meeting with the companies and other 

stakeholders; 

- prepared a final version of the handbooks; 

- delivered the final handbooks to the companies involved. 

 

 
Figure 4. Summary report of the Assisi pilot application 

 

The handbook offers a systemic approach and knowledge base to support companies in the implementation of industrial 

symbiosis patterns as found during or after the workshops, providing specific and tailored information for regulations, 

standards, logistical aspects, technical aspects, etc. related to the specific synergy analysed. The handbook is organised in a 

first synthetic part (summary scheme) and a second one containing all the useful documentation (technical dossier), citied in 

the first part. This useful tool aims to verify the feasibility of the synergies identified from a technical, logistics, economic 

and regulatory point of view through a holistic approach that analyses every single step of the path. The handbook allows 

identifying the issues to deepen/solve barriers in order to implement synergies. Moreover, this document can be a solid 

starting point for the possible replication of  industrial symbiosis pathways. 

 

2.5. STORM business model 

The STORM business model was prepared as a first step for defining the self-sustainability of the network after the 3-years 

funding period. Business Model Canvas was used: it is a strategic management template for developing business models 

(Osterwalder and Pigneur, 2010) with elements describing value proposition, infrastructure, customers, and finances: 

“

Tavolo di lavoro di Simbiosi industriale in Umbria
NUOVE OPPORTUNITÀ PER LE IMPRESE 
ATTRAVERSO LA SIMBIOSI INDUSTRIALE

Assisi, 9 giugno 2017

SCHEDA DI SINTESI DELLA GIORNATA

Ad Assisi, presso il Palazzo del Capitano del Perdono, Santa Maria degli
Angeli, lo scorso 9 giugno si è svolto il secondo tavolo di lavoro di
Simbiosi Industriale in Umbria. L’evento è stato organizzato da ENEA e
da Sviluppumbria, nell’ambito del Programma Innetwork, finanziato dal
POR FESR della Regione Umbria. Ventisei aziende di diversi settori
produttivi (agroindustria, metalmeccanica, calcestruzzo, imballaggi,
comunicazione ambientale, elettronica, tessile/abbigliamento,
serramenti, produzione isolanti, zootecnia, aerospaziale, chimica, carta
e cartotecnica, edilizia, alimentare, florovivaistica) hanno preso parte al
tavolo di lavoro e hanno avuto l’opportunità di confrontarsi
operativamente per individuare possibili condivisioni di risorse tra loro
(simbiosi industriale).
Dai primi risultati emerge che le aziende presenti hanno messo in
condivisione 90 risorse in output e richiesto 35 risorse in input;
attraverso il confronto operato ai tavoli, sono state individuate circa
100 sinergie. I lavori sono stati introdotti dagli interventi dell’Assessore
all’Innovazione del Comune di Assisi, Simone Pettirossi, del
coordinatore Area Imprese di Sviluppumbria, Simone Peruzzi, della
responsabile del progetto per Sviluppumbria, Elisabetta Boncio, e della
responsabile Laboratorio ENEA “Valorizzazione delle risorse”, Laura
Cutaia.

Chi ha partecipato

Che cosa hanno detto di noi
I delegati aziendali hanno espresso le
seguenti opinioni sulla giornata
Modalità di svolgimento 4,2/5
Aspettative soddisfatte 3,9/5
Sede 4,1/5
Tempistica 4,0/5
Opportunità di fare rete 3,6/5 

Che cosa accade dopo?

 Verifica ed elaborazione dei dati 
raccolti e  delle sinergie emerse. 

 Elaborazione degli specifici report 
aziendali ed invio alle aziende. 

 Elaborazione manuali operativi e 
Tavoli di concertazione.

Come hanno commentato

“Incontrarsi e conoscersi è un po’ come
seminare…..prima o poi c'è il raccolto”
di Bruno Mirabasso (U.S.A. S.r.l.)

“Conoscersi Condividere Costruire” di
Omero Moretti (Moretti Omero Soc. 
Agricola)

AGRIENERGIA PIETRAROSSA S.r.l.

ANTICO FRANTOIO PETESSE

BAZZICA S.r.l.

BENTO

BRUNELLO CUCINELLI S.p.A.

CARTIERE DI TREVI S.p.A.

CASTELLO MONTE VIBIANO VECCHIO S.r.l.

CIANI GROUP S.r.l.

DEWALT INDUSTRIAL TOOLS S.p.A.

ERA ELECTRONIC SYSTEMS S.r.l.

EUROLEGNO SERRAMENTI S.r.l.

FATTORIA DEL MONTE PURO

FERTITECNICA COLFIORITO S.r.l.

FONDERIE E OFFICINE MECCANICHE TACCONI S.p.A.

LA CASA DEI CINI S.a.s.

MOLINI SPIGADORO S.p.A.

MOLITORIA UMBRA S.r.l.

MORETTI OMERO

NUOVO MOLINO DI ASSISI S.r.l.

OVERMEK S.r.l.

POLYCART S.p.A.

PROSCIUTTIFICIO VALTIBERINO S.r.l.

TOP MELON S.r.l.

UMBRAFLOR S.r.l.

UMBRAZOO MANGIMI S.r.l.

USA S.r.l.
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- Infrastructure: Key Activities (the most important activities in executing a company's value proposition), Key Resources 

(the resources - human, financial, physical and intellectual - that are necessary to create value for the customer), Partner 

Network (in order to optimize operations and reduce risks of a business model, organization usually cultivate buyer-

supplier relationships so they can focus on their core activity); 

- Offering: Value Propositions. The collection of products and services a business offers to meet the needs of its 

customers. A company's value proposition is what distinguishes itself from its competitors. The value propositions may 

be quantitative (price and efficiency) and qualitative (overall customer experience and outcome); 

- Customers: customer Segments (to ensure appropriate implementation of corporate strategy meets the characteristics of 

selected group of clients), channels (own channels - store front, partner channels - major distributors, or a combination 

of both), customer Relationships (the type of relationship to create with customer segments); 

- Finances: cost Structure ( the most important monetary consequences while operating under different business models), 

characteristics of Cost Structures, revenue Streams (the way a company makes income from each customer segment). 

 

3. Results and Discussion 

3.1. Communication plan and promotional activity 

We created the STORM website (http://www.storm-eitrm.eu/), the STORM LinkedIn profile and we prepared the STORM 

leaflet in various languages (Figure 5). 

The planning of the dissemination activities are documented in the Communication Matrix developed by the consortium 

(Table 3). The Communications Matrix will gather all the elements of the dissemination plan, and therefore it will be used as 

the guide for what information to communicate, who is to do the communicating, how to communicate the information using 

the correct media, when to communicate it and to whom to communicate. 

 

  

Figure 5. STORM leaflet (English version) 

 

For the success of the project and of the promotion campaign, we also defined the service portfolio (STORM toolbox), 

including the tools partners make available for external customers (users of the network) within the project (Table 4). 

The activities of the STORM project were also disseminated though the participation of partners to exhibitions, fairs, 

conferences in both 2016 and 2017.  
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Table 3. Communication matrix 

CHANNEL OBJECTIVE OF COMMUNICATION MEDIUM WHEN AUDIENCE OWNER FORMAT 

Promotional and 

publicity materials 
and documents 

Provide general information about STORM and EIT RM 

Boost stakeholders awareness  

Inform on services offer of STORM 
Inform on activities of STORM 

Disseminate the results of the STORM activities 

face to face 

web 
e-mail 

As needed 
Stakeholders 

Third parties 

Project 

team 

Hardcopy and 

softcopy 

Digital and 
multimedia 

materials 

Provide general information about STORM with reference to EIT Raw 
Materials 

Boost stakeholders awareness  

Inform on services offer of STORM 

Inform on activities of STORM 

Disseminate the results of the STORM activities 

web 

face to face 
As needed 

Stakeholders 

Third parties 

Project 

team 
Softcopy 

Website news and 
articles 

Provide general information about STORM 
Boost stakeholders awareness  

Inform on services offer of STORM 

Inform on activities of STORM  
Disseminate the results of the STORM activities 

web As needed 
Stakeholders 
Third parties 

Project 
team 

Softcopy 

Email marketing 

Provide general information about STORM 

Inform on services offer of STORM 

Inform on activities of STORM 
Disseminate the results of the STORM activities 

e-mail Monthly 
Stakeholders 

Third parties 

Project 

team 
Softcopy 

Events 

Provide general information about STORM 

Boost stakeholders awareness  

Inform on services offer of STORM 

Inform on activities of STORM 

Disseminate the results of the STORM activities 

face to face As needed 
Stakeholders 

Third parties 

Project 

team 

Hardcopy and 

softcopy 

LinkedIn 
Provide general information about STORM 

Inform on services offer of STORM 

Inform on activities of STORM 

web Monthly 
Stakeholders 

Third parties 

Project 

team 
Softcopy 

Twitter 
Inform on services offer of STORM 

Inform on activities of STORM 
web Weekly 

Stakeholders 

Third parties 

Project 

team 
Softcopy 

Press release Inform on pilot applications and industrial symbiosis cases 
press 
web 

Before and after 
STORM events 

Stakeholders 
Third parties 

Project 
team 

Hardcopy and 
softcopy 
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Table 4. STORM toolbox 

Tool name (shared with other STORM partners) Tool description Tool type Tool language Partner 

Access to laboratory facilities for scrap recycling (mechanical and 

metallurgical processing) 
  expertise English TUBAF 

Applications for environmental permits    expertise English AGH 

Assessment methodology of cost-effectiveness, financial feasibility and 

investments risk of innovative technologies for recovering metals from waste 

Assessment methodology of cost-effectiveness, financial feasibility and 

investments risk of innovative technologies for recovering metals from waste 
expertise 

English Tecnalia 

Spanish ENEA 

Polish MEERI 

Characterisation of metal-based secondary materials microscopy, SEM, characterization of mechanical properties expertise English TUBAF 

Data integration   expertise 

English AGH 

Italian UniMiB 

Polish   

Databases design   expertise English AGH 

Design of customised LCA tools for specific products   expertise   Tecnalia 

Development of thermo-mechanical treatment strategies enhancing the 

mechanical properties of metal-based secondary materials 
furnaces, rolling mills, hydraulic press expertise English TUBAF 

Environment for optimization of multi-step industrial processes Environment for optimization of multi-step industrial processes expertise English AGH 

Experimental process simulation for metal forming process technologies in 

laboratory up to pilot scale  
tensile, compression, torsion, bending tests expertise English TUBAF 

Impact and sustainability assessment  (EIA, LCA, LCC, S-LCA, etc.)  

Environmental Impact Assessment, Life Cycle modelling (LCA, LCC, S-

LCA), assessment methods and practices to review the 3 pillars of 
sustainbility for products 

expertise 

English AGH 

Italian ENEA 

Hungarian Bay Zoltan 

Polish MEERI 

Slovenian ZAG 

Swedish IVL 

Material flow analysis with STAN software Material flow analysis expertise English IVL 

Numerical process simulation for metal forming technologies simufact.forming expertise English TUBAF 

Ontologies design   expertise 

Polish AGH 

Italian UniMiB 

English   

Process assessment    expertise English TUBAF 

Production of materials directly from production scraps via extrusion   expertise English TUBAF 

Support to companies and decision makers for industrial symbiosis and 

circular economy application 

Support for industrial symbiosis and circular economy application. Cross 
sector resource recovery. Organisation of industrial symbiosis working tables 

with companies. Use of the ENEA industrial symbiosis platform. Assessment 
of environmental performance of industrial symbiosis networks and 

individual firm benefits. Assessment of public procurement possibilities. 

Reviewing socio-economic development. Maturity assessments of symbiosis 
networks 

expertise 

Italian ENEA 

Spanish Tecnalia 

Slovenian ZAG 

Hungarian Bay Zoltan 

Swedish IVL 

English   

Waste management: assessment and optimisation of waste management 
systems, redesign of waste formation, collecting and treatment, market flow 

and structure. Analysis of available funding. Support to companies and 

decision makers 

Waste management: assessment and optimisation of waste management 
systems, redesign of waste formation, collecting and treatment, market flow 

and structure. Analysis of available funding. Support to companies and 

decision makers.  

expertise 

English AGH 

Polish MEERI 

Slovenian ZAG 

Hungarian Bay Zoltan 

Webinar and workshops, study visits Economic, environmental and financial appraisal expertise Polish MEERI 
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3.2. First results of the industrial symbiosis pilot applications 

During the working tables companies had the possibility to face each other in order to individuate possible resource sharing.  

39 delegates participated at the Ljubljana pilot application (Figure 6), coming from 23 industries (mainly from the 

construction sector, industry and mining) and 16 other organisations (e.g. Universities). The first results of the event are 

shown in Table 5: 24 input resources and 48 output resources were shared during the working tables, creating more than 100 

potential matches. 

In Assisi we had 26 companies, coming from different productive sectors (agroindustry, metal industry, construction, 

electronics, textile/clothing, zootechnical, paper, food industry, etc.). Companies expressed the will to share around 90 

resources in output and requested 35 resources in input, creating about 100 potential matches (Table 5). Other synergies 

complemented the process as a result of the elaboration of the data by ENEA.  

 

  
Figure 6. Pictures of the Ljubljana industrial symbiosis event 

 

The resources shared were mainly “materials”: 56% and 83% of the total resources in Ljubljana and Assisi, respectively, as 

reported in Figure 7. In Assisi almost the totality of the matches involved materials. The synergies will be examined aiming 

at assessing the technical - operative feasibility also through the collaboration of the involved companies and eventual 

interested stakeholders. For the Assisi pilot application, ENEA prepared two operative handbooks for the main categories of 

synergies: one handbook for the production of nutraceutical substances and the other one for energy production from 

residues generated by agro-industry. 

 

Table 5. First results of the Ljubljana and Assisi pilot applications 

Location N. of delegates N. input resources N. output resources Matches 

Ljubljana 39 24 48 103 

Assisi 26 35 90 99 

 

  

Figure 7. Categories of the resources shared during the Ljubljana and the Assisi pilot applications 

56% 

44% 

materials

energy

expertise, consultancy, services

logistic, transportations

land, capacity

equipment

other

Ljubljana - resources 

83% 

1% 

3% 2% 

11% materials

energy

expertise, consultancy, services

logistic, transportations

land, capacity

equipment

other

Assisi - resources 
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The reader can find additional information on the results of the pilots and on the operative handbook in Cutaia et al., 2018. 

 

3.3. Integration workshop in Bilbao 

The workshop was focused on: 

- context and objectives of Circular Economy (by Oscar Santacoloma, Environmental Director of Tecnalia Research & 

Innovation). The Circular Economy versus Linear Economy was compared and the Spanish Strategy of Circular 

Economy was presented; 

- the financing initiatives as Circular Economy innovative opportunities in Europe (Mikel Dorrosoro, Programmes 

Director of Tecnalia); 

- the financing initiatives as Circular Economy innovative opportunities in the Basque Country (Ander Elorriaga, 

Manager of the production and sustainable consumption department in IHOBE - Public Environmental Society of the 

Basque Country); 

- the Industrial Symbiosis as Circular Economy Strategy (Laura Garcia, Scientific Researcher of Tecnalia). After 

explaining the Industrial Symbiosis, the benefits coming from its implementation, the role of the facilitator (to boost the 

industrial symbiosis and to help in the identification of the different synergies) were explained, too. Also the barriers 

and the market potential were presented. 

- the best practices of Circular Economy focused on Industrial symbiosis explained by different enterprises: BARNA (a 

group of SMEs dedicated to the management and valorization of by-products of fishing), ZICLA- Eco-innovation (an 

enterprise which transforms the waste generated by cities and their activities into new materials for industry and new 

products for those cities), SIDENOR (a steel company, leader in the European steel industry for the production of 

special steel long products and one of the main producers of forged and cast pieces), Bizkaiko Txintxor Berziklategia (a 

company dedicated to the treatment and recovery of Construction and Demolition Waste). 

- STORM project (Ainara García, Scientific Researcher of Tecnalia). 

 

3.4. Industrial symbiosis methodology: the common STORM methodology 

After the discussion during the Budapest meeting (July 2017), partners decided to create a STORM methodology by mixing 

the ones used in Ljubljana and in Assisi. In particular, for the next industrial symbiosis event(s) we will: 

- adopt the pre-event activity, as developed in the Assisi case (Excel file to be sent to companies - Figure 1 and Figure 2); 

- use the forms as the ones used in Ljubljana (one resource in one forms). 

The procedures adopted during the pilot applications will not be changed, as they were common and successfully applied for 

both workshops. 

 

3.5. STORM business model 

The STORM Business Model, prepared according to the Canvas model is presented in Table 6.  

In particular, for the self-sustainability of the network and for the revenue Streams we can imagine three different options for 

earning money: 

- creating a web site/platform for offering services and for exchanging secondary products for matchmaking and acting 

also as a dedicated and comprehensive marketplace for companies. In the case of STORM it might be possible to have a 
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listing fee (supplier), a subscription fee (suppliers and customers), or a transaction fee. The added value offered by 

STORM with respect to other marketplace is the wide portfolio and differentiated expertise present in the consortium;  

- organizing industrial symbiosis workshops for companies. We can provide a listing fee (supplier), a participation fee 

(suppliers and customers), or a transaction fee; 

- research and industrial projects. 

After the elaboration of the business model we will be asked to prepare also a Business Plan, which will have to answer 

several questions on the following issues: 

- conclusions; 

- group of persons. We can list the names of all the persons involved and how much involvement each one will have in 

the running of the business, as well as each person’s strengths and expertise; 

- business idea. Along with a brief vision statement that outlines the purpose of the STORM business and what our goals 

are, this section will provide details about the history, structure and location of our business; 

- market and competitors. The market analysis section is one of the most important parts of the business. We’ll need to 

look at demographics, the target market, market needs, competition, barriers to entry and regulation. Conducting a 

SWOT analysis is also good way to identify the strengths, weaknesses, opportunities and threats;. 

- marketing. Our marketing plan should include: our objectives, a distribution plan, a pricing and positioning strategy, 

key marketing strategies, proposed budget, a timeline and schedule; 

- organization and employees/collaborators; 

- legal form; 

- risk and chances; 

- finance plan. We should include two types of expenses: one-time start-up costs and regular monthly expenses. 

- documents. 

 

4. Conclusions 

The STORM formats and methodology for industrial symbiosis implementation were set-up after the two industrial 

symbiosis pilot applications: the proposed methodology has the potentiality to promote and boost the industrial symbiosis 

implementation at both regional and level with good replicability. The methodology helps to promote the efficient use of 

resources and new business models through the selection of the most promising synergies between companies, and the 

possibility of new opportunities for collaboration in the sharing of infrastructure and services. 

After the testing phase (2017), in 2018 the consortium will adopt the common methodology during the next industrial 

symbiosis events with company (the first event will be held in Budapest on the 23rd of May 2018). 

In 2018 the business plan of the project will be prepared for the self-sustainability of the network after the funding period. 

The STORM consortium represents an unique network of partners with complementary expertise and competences for 

exploration and evaluation of secondary resources, waste management, waste recycling, eco-innovation, industrial ecology. 

The consortium will help the comprehension of the complexity of challenges with the creation of a new mind-set and the 

emergence of unconventional idea, in particular through the implementation of industrial symbiosis and new cooperative 

business models. 
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Table 6. STORM business model (CANVAS model) 

Key Partners 

 industrial clusters 

 SMEs and industry 

 network partners 

 funding agencies 

 industrial platforms 

 other NoIs 

 governments 

Key Activities 

 workshops 

 setting up realization projects 

 brokerage events 

 consultancy 

 marketing 

 update of the website 

 trainings 

Value Proposition 

 expertise in several sectors of 

circular economy and raw 

materials (STORM portfolio), 

easily accessible for customers  

 Industrial Symbiosis services:  

o organization of matchmaking 

workshops 

o facilitation of the workshops 

o elaboration of outputs 

derived from the workshops: 

workshop summary; 

company handbook 

o economic study of the 

identified synergies: 

economic benefits and cost 

saving deriving from 

matchmaking 

o waste and by-product 

reduction 

 new funding channels for partners 

Customer Relationships 

 trust related communication 

 individual 

 single-point of contact 

 customers are gained via the 

communication channels 

 creation of a community: network 

of companies 

 co-creation: Cooperation between 

companies and the consortium 

partners 

 dedicated Personal Assistance 

Customer Segments 

 Stakeholders (potential customers 

of the network):  

o large companies, SMEs, 

start-ups 

o industrial parks/districts  

o municipalities/ authorities  

o industrial associations  

o national clusters  

 Other third parties:  

o environmental authorities  

o environmental consultancy 

companies  

o environmental advisers  

o technological platforms, 

professional associations  

o other European industrial 

symbiosis networks 

Key Resources 

 STORM toolbox 

 STORM database with companies 

and matches 

 website (www.storm-eitrm.eu) 

 expertise 

 facilitator(s) 

 coordinator 

 mediation system in conflict cases 

 communication channels 

 network partners 

Channels 

 Promotional and publicity 

materials and documents: 

 Online advertisements and 

communication: 

 Press releases: a press release 

should be issued before and after 

each STORM event. 

 Events: participation at fairs, 

exhibitions, conferences and 

brokerages. 

Cost Structure 

 personnel (~40.000 €/year+ indirect costs = 100 % FTE) 

 travel costs (2.500 €/year for 5 trips) 

 workshops/pilots (one workshop = 2.000 € = 200 € material, 1000 € location and 800 € food 

and drink, additional personnel = ?) 

 tax consultant (turn-over <100.000 € → 2.000 €/year) 

 marketing (2.000 € for flyers, posters, printed-materials, business cards…) 

 lawyer (maybe 1000 €/year e. g. for contracts and consultancy) 

 PC (one-time 1.000 € for 4 years) 

 events (?) 

 payments to EIT RM GmbH (maybe e. g. 5 % of the yearly profit) 

 costs related to company founding (partnership share,…) 

 server and domain for website (50 €/year) 

Revenue Streams 

 creating a web site/platform for offering services and for exchanging secondary products for 

matchmaking and acting also as a dedicated and comprehensive marketplace for companies. 

In the case of STORM it might be possible to have a listing fee (supplier), a subscription fee 

(suppliers and customers), or a transaction fee. The added value offered by STORM with 

respect to other marketplace is the wide portfolio and differentiated expertise present in the 

consortium;  

 organizing industrial symbiosis workshops for companies. We can provide a listing fee 

(supplier), a participation fee (suppliers and customers), or a transaction fee; 

 research and industrial projects. 
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EDILTEX: new building materials from textile wastes. An 

experience of industrial symbiosis practices. 
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Abstract 

The textile sector - third economic sector in Italy - is the centre of strong attention with regard to sustainability of the phases 

that make up its manufacturing and supply chains (pre-consumer, use, post-consumer). Every year, tons of wastes end up in 

landfills. Wastes that could be re-introduced into a new production cycle, with a perspective of circular economy and industrial 

symbiosis. In this context was set up and implemented a project titled: Ediltex - Innovation for the reuse in textile companies 

- a research and training project financed by Fondimpresa. The project involves the Technology research team of the DAD 

(Department of Architecture and Design, Politecnico di Torino, IT), E-work, the Grow up consortium and several companies 

in the textile sector located in Tuscany (IT). Ediltex is a training and research project based on an open innovation model. The 

aims are: to provide proper skills to the enterprises in order to support technological innovation and the implementation of a 

recycling supply-chain; to test the opportunity to use such wastes as secondary raw materials for manufacturing 

environmentally friendly products to be used in building and eco-design sectors. The paper deal with the activities carried out: 

the development of learning actions, the study of the manufacturing chains; the input-output analysis of textile wastes; the 

environmental assessment (based on a life cycle approach) of reusing and recycling processes. The results involve a SWOT 

analysis (Strengths, Weaknesses, Opportunities, Threats) of three different scenarios for reuse and recycling of textile wastes 

as new resources for the building sector. 

 

Keywords: textile wastes, new building materials, industrial symbiosis, circular economy, training and research approach  

1. Introduction  

The textile sector - third economic sector in Italy - is the centre of strong attention with regard to sustainability of the phases 

that make up its manufacturing and supply chains (pre-consumer, use, post-consumer). During the pre-consumer phase, 37.4% 

of non-hazardous manufacturing wastes comes from textiles, clothing and the tanning industry (ISPRA, 2013). According to 

the report Pulse of the fashion industry (Boston Consulting Group, 2017) by 2030 wastes production in the sector will increase 

up to 63%, and, along with wastes the CO2 emissions will also increase. Every year, tons of wastes end up in landfills. Wastes 

that could be re-introduced into a new production cycle, with a perspective of circular economy and industrial symbiosis 

(GreenItaly, 2017). However, SMEs (Small and Medium Enterprises) in the textile sector often do not have facilities for the 

selection, cataloguing and transformation into secondary raw materials of the wastes released during the manufacturing phases. 

Furthermore, they do not have specific resources to be dedicated for Research and Development (R&D) activities. Despite the 

mentioned obstacles recently collaboration projects among universities, research centres and enterprises are in progress thanks 

to financial opportunities and focused policies. For instance: the European funded researches carried out within the Clever 

Innovation Centre in Turin, developed since 2012 with the University and Politecnico di Torino, have allowed the development 

of new building components (Serra, 2017; Bosia, 2011); the LIFE LOWaste project, developed between 2011 and 2014 by the 

Municipality of Ferrara in collaboration with SMEs, has implemented a circular economy model based on waste recycling in 

a public-private partnership logic. Pilot projects have been carried out, starting from the recovery of some waste streams (e. g. 

hospital textiles) with high added value potential, leading to new production processes. 

In this context was set up and implemented a project titled: Ediltex - Innovation for the reuse in textile companies - a research 

and training project financed by Fondimpresa, interprofessional fund for continuous training of Confindustria, which promotes 

the culture of training as an essential tool for innovation, development, employment protection and the enhancement of human 

capital. 

The project involves the Technology research team of the DAD (Department of Architecture and Design, Politecnico di Torino, 

Italy), E-work, the Grow up consortium and several enterprises in the textile sector located in Tuscany (Italy). 
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2. Methods 

The aim of Ediltex is to provide proper skills to the enterprises in order to support technological innovation and the 

implementation of a recycling supply-chain. The project is also aimed at testing the opportunity to use such wastes as secondary 

raw materials for manufacturing environmentally friendly products to be used in building and eco-design sectors. 

The companies involved are part of a territorial district of Tuscany historically dedicated to textile manufacturing: Gesta 

(Empoli, FI) and Magia (Empoli, FI), specialized in the production of clothing; Trapuntificio Giglioli (Empoli, FI), company 

focused in quilting and embroidery of fabrics. 

The methodology adopted is a blended model that combines study tours, meetings and brainstorming with traditional 

classroom methods. It includes a series of activities split up into 7 actions focused on these topics: 

1. From linear economy to circular economy; 2. Waste management legislation; 3. Environmental certification methods and 

instruments; 4. Re-use and recycling of textile wastes in building and design sectors; 5. Feasibility studies and operational 

models; 6. Financing opportunities; 7. Analysis and development of potential markets.  

In addition, the blended model includes research activities aimed at:  

• identifying the inputs (in terms of materials and energy) and outputs (waste and emissions) of the production 

processes of the companies involved in the project, as well as characterizing and quantifying textile waste; the 

approach used was based on the ISO 19011:2012 (Guidelines for auditing management systems) and ISO 

14040:2006 (Environmental management -- Life cycle assessment -- Principles and framework) standards; 

• analysing the state of the art regarding the re-use of textile waste in the building sector on the basis of international 

scientific literature, databases of recycled materials (e. g. MATREC, Material Connexion) and existing patents 

(ORBIT portal); 

• developing a micro and macro scale map of stakeholders (private companies and public bodies) that may be involved 

in the new textile waste value chains (Figure 1). 

 

Figure 1. Ediltex project at a glance. 

In particular, the activities carried out within the companies have made it possible to identify the stages of the production 

process that generate waste and moreover to characterize and quantify textile waste. Figure 2 shows an example of flow chart 

referred to Trapuntificio Giglioli. 
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Figure 2. Flow chart of Trapuntificio Giglioli. 

The waste produced by the companies refers to 3 main types: mixed textile waste (artificial, synthetic, natural fibers), leather 

waste (cattle and sheep), polyester wadding waste (Table 1). The first two types are derived not only from textile cuttings 

during production but also from unused pieces during sampling, which remain in stock. Since these wastes are not landfilled, 

they do not appear in the administrative registers and forms, so their exact quantification is difficult, although they represent 

a significant problem for companies (Figure 3).  

Table 1. Waste produced by companies (data refer to 2017). 

Company Gesta Magia Trapuntificio Giglioli 

Main type of waste mixed textile waste (artificial, 

synthetic, natural fibers) 

leather waste (cattle and sheep) polyester wadding waste 

Quantity of waste (kg/year) 6740 + other waste in stock 1650 + other waste in stock 4350 

 

 a 

 b  c 

Figure 3. a) Mixed textile waste in stock (Gesta); b) leather waste in stock (Magia); c) polyester wadding waste from cutting 

(Trapuntificio Giglioli). 
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Based on the waste characterisation, some applications for the building sector have been identified.  

For example, the international MATREC database (www.matrec.com) - which allows the search for circular, sustainable and 

innovative materials for the building and eco-design sectors and contains environmental and technical information of 

thousands of products - includes 21 products from the recycling of textile waste and 37 from leather waste (equal to 3.3% of 

the total products in the database). Of these, only 19 are products used in the building sector, while the remaining 39 form part 

of the textile supply chain as recycled fabrics. In relation to building sector, they are mainly used for thermal insulation and 

acoustic panels and to a lesser extent for wall and floor coverings.  

Some interesting studies can be found in the international scientific literature. In addition to the use of textile waste as 

alternative building thermal insulation material (Briga-Sà, 2013), researches also include the use of waste fibrous materials in 

reinforced mortars (Gonilho-Pereira, 2013; Bendjillali, 2011; Fantilli, 2016). Literature reports use of cotton waste as brick 

material with the aim of improve its thermal performance (Rajput, 2012). With regard to leather waste, there are interesting 

applications concern the utilization as fine aggregate in concrete (Sathish Kumar, 2015), or still the incorporation in the 

production of bricks (Aguiar, 2002). 

Territorial analysis, particularly on a local scale, has made it possible to identify stakeholders (private and public) such as: 

enterprises interested in recovering and recycling activities (e.g. Maiano); enterprises enable to made up machinery to process 

textile wastes and to transform it into raw secondary materials (e.g. Cormatex); research bodies focused on innovation in the 

textile sector (Next Technology, Material Recycling); public consortia engaged in textile collection and recovery; chambers 

of commerce which associate companies to protect their collective interests and create business opportunities. 

3. Results and Discussion 

The activities described in the previous paragraph (environmental audit, state of the art, stakeholders map) have led to the 

identification of 3 scenarios for the re-use of textile waste by companies. The 3 scenarios were selected on the basis of the 

characteristics of the companies, the type of waste produced, and the prevalent re-use possibilities identified on the market. 

The first scenario is related to the development of a new product for the building sector through the creation of a new 

commodity chain. The second scenario is related to the use of textile waste in an existing chain (building sector) and with a 

well-established market, for example in the production process of a company manufacturing insulating panels. Finally, the 

third scenario is related to the recovery of waste in online markets, which are not necessarily linked to the building sector (e.g. 

textile sector or others). 

The scenarios were compared with a SWOT analysis. SWOT analysis (or SWOT matrix) is a useful technique for 

understanding the Strengths, Weaknesses, Opportunities and Threats related to a business venture or project. It is intended to 

specify the objectives of the business activity and identify the internal and external factors that are favorable and unfavorable 

to achieving those objectives (Figure 4). 

SWOT analysis shows that the strengths of the first scenario are the availability of raw materials at zero or almost zero cost 

and the green image of the new company, in line with the new public strategies linked to the circular economy. The scenario 

is characterised by the opportunity to access specific financing for the creation of new SME's oriented to the eco-compatibility 

of product and process and by the increasing market attention to these issues. On the other hand, there are some threats linked 

to the technological and economic development of the new business and some weaknesses linked to competition with 

traditional and consolidated products. 

In the second and third scenarios, the strong points are represented by the possibility for textile companies to give new life to 

their wastes, which can become a profit from cost (of disposal) by selling it to another sector (building or not). However, in 

both cases, wastes with marks and logos must be frayed before they can be sold to third parties. 
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Weaknesses for all scenarios are represented by some rules in force. For instance, a waste can be classified as a by-product 

only if is already available purchasers enable to recovery and process the by-product themselves. 

 

Figure 4. Comparison of scenarios on the basis of SWOT analysis.  

4. Conclusions 

The project is an open innovation model that allowed enterprises to develop know-how as well as new skills in a circular 

economy and sustainable perspective.  

EDILTEX can be assumed as a joint project between applied research and teaching activities, in order to put into effect 

industrial symbiosis practice. Thanks to the close cooperation among small medium enterprises and DAD (Politecnico di 

Torino) and within the above-mentioned scenarios, the following research activities were set up: testing textile wastes in the 

mix design of thermal plasters and clay blocks; re-using textile offcuts to manufacturing acoustic panels for indoor purposes. 

These activities are now on going.  
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Abstract 
A smart sustainable district is generally characterized by low carbon solutions and technologies that optimize resource use 
and also promote wellbeing and sustainable lifestyles. However the involvement of different urban stakeholders is crucial to 
develop and establish smart and sustainable innovation at district scale. This study presents the case of an Industrial District 
of Bologna (Italy), the Roveri District, where a transition process has been started through a systemic and integrated 
approach towards the creation of Roveri Smart Village. 
Roveri Industrial District was settled in the early seventies as an industrial area in a brownfield near the southern boundary 
of Bologna city, Italy. Currently, Roveri Industrial District represents one of the Italian Metropolitan areas with the highest 
concentration of small and medium-sized enterprises. Therefore, the regeneration of this area towards the creation of Roveri 
Smart Village is a big challenge to achieve. 
This study provides a collaborative and integrated approach to support the Roveri industrial district transformation with the 
aim both to steer the innovation towards a Sustainable Smart District and build a community and a strong network of 
enterprises and local stakeholders.  
Roveri Smart Village is not a single project but a combination of different research projects and activities provided by 
different stakeholders such as research agencies, academia, trade associations and local institutions. Thanks to this scientific 
and institutional support, Roveri could therefore be considered as a laboratory to experiment innovative activities and 
competences in the field of circular economy, energy efficiency, smart city. 
In the framework of Roveri project, several national and international research projects, have currently seen their 
implementation within the industrial area with significant experimental achievement and steering the transformation towards 
a Sustainable Smart District. 
The adoption of a collaborative and integrated approach, with the involvement of the whole industrial, institutional and 
citizens stakeholder community, has provided a valid support for a more efficient design and plan development  of the smart 
and sustainable district. Moreover, the combination of different projects within the industrial area has allowed to accelerate a 
dynamic transition process in order to tackle the numerous challenges related to environmental, social and economic aspects. 
 
Keywords: smart and sustainable district, collaborative process, circular economy, industrial symbiosis, energy efficiency. 

1. Introduction 

The paradigm that companies do not adopt sustainable models as cities instead do, is not always correct. According to a 

recent European survey (Eurobarometer, 2017), especially large international industrial companies have recognized that the 

introduction of environmental values into companies strategies and business models can lead to reach greater 

competitiveness and new industrial settlements. Before, the survey has highlighted that also small-medium enterprises 

(SMEs) have become faster and more sustainable than in the past. Actually, about the 65% of European SMEs is minimising 

waste and saving energy. In particular, efforts to implement circular economy actions in SMEs are related to: material or 

waste recycle and reuse (42%); product eco-design (25%) and selling scrap materials to another company (21%). Therefore, 

companies have already adopted important actions to implement sustainability principles into production and business 

management. On the other hand, UN-Habit (2011) affirms that:  “cities generate 80 percent of global GDP, but at the same 

time, they are also responsible for as much as 70 percent of global energy consumption and 70 percent of global carbon 

emissions”. Hence, cities and industries are move towards sustainability in a different way. Industry reacts to business 

proficiency; instead citizens’ behaviours determine to invest in a more sustainable living. In addition, industries and 

inhabitants are sharing the same environment without interacting really each other. Cities often perceive industry as a tertiary 

sector or as separated industrial buildings instead than an urban inside living component. Nevertheless, urban quality of life, 
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energy efficiency and green economy are indissoluble aspects of sustainability for both citizens and industries. Moreover, 

the latest growing cities have welded the urban living space with active industrial areas that were once outside the city 

bounders. The challenge of an enhanced sustainability and life quality is based on overcoming silos approach adopting 

collaborative and integrated approach towards a systemic transformation of urban areas. Urban policies are not yet adapted 

to support both components that need diverse policies: to make the economic benefits more clear and achievable for 

industries, as well as solicit citizens ethical responsiveness.	As Hatuka et al. (2017) recommend, there is the need of 

collaborative and inclusive policy to make more sustainable private and working city life necessities. The presence of 

sustainable industries in cities could be a driver that will allow reconnecting life and working in an integrated sustainable 

model.  The establishment of Smart Sustainable District can provide methods and tools to achieve this objective. This paper 

explores a transferable model of collaborative and integrated approach into an industrial district of Bologna (Italy): the 

Roveri District. Especially, methods and actions supporting the creation of Roveri Smart Village are described in the 

following paragraphs. 

2. Methods  

Roveri Industrial District begins its story in the early '80s as a novel settlement for artisanal and small-medium enterprises in  

a new industrial area in a brown field near the southern boundary of city of Bologna, Italy. Currently, Roveri Industrial 

District holds nearly 400 companies and it represents one of the urban areas with the highest concentration of small and 

medium-sized enterprises inside an Italian Metropolitan area. In the last years, Roveri is becoming completely included in 

the city with a perfect continuity with the adjacent residential and commercial neighbourhoods. Therefore, Roveri provide a 

significant case where to experiment both industrial and citizens involvement towards the creation of a Smart Sustainable 

District. In particular, this paper describes how Roveri District has been conceived as laboratory where to adopt integrated 

and collaborative approach. 

 
Figure 1. Map of Roveri District in Bologna (Italy). 

 

2.1 Projects integration 

Leading a transition process for an entire urban industrial area is an ambitious and complex process. Especially in Roveri, 

where there are hundreds of small and medium-sized companies, working in various activity sectors. Moreover, in the latest 

years, caused by the recent economic crisis, some companies have closed or have been replaced by other types of holdings. 
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Therefore, Roveri is an industrial area in transition, where there are the conditions for adopting a new approach, which 

would make it possible to overcome the complexity and diversity of the industrial system and even to transform it into a 

Smart Sustainable District. The importance to overcome the research and innovation typical approach, in which single 

industries are involved in single projects without involving their entire industrial community, is one initiative's driving force. 

Furthermore complex problems and sustainability urgencies need to express integrated and collaborative approach, ranging 

from waste reduction, material reuse, energy efficiency, sustainable energy use and production, buildings refurbishment, 

eco-transport models, social inclusion, community attitude. Not a single project can concentrate all these aspects in 

themselves, but an integration of many projects, also implemented by different actors, can cover on the complexity of 

specific topics. This is the approach experienced for the Roveri Smart Village Project. In the following, different projects are 

presented, first started for over a year. 

 

Figure 2. Different kind of projects on-going in Roveri District 

Food Crossing District (FCD) is a Regional project (funded by POR FESR 2014-2020 programme) that aims at promoting 

circular economy by identifying systemic and technological solution for agri-food waste valorisation and re-uses (in 

particular co-milling of olives and tomatoes peels and seeds, defatting durum wheat by-products ). The final goal is  to boost 

the implementation of industrial symbiosis (IS) pathway in the Region Emilia Romagna. In particular, FCD project provides 

“working tables” for the promotion of industrial symbiosis in order to improve enterprises competitiveness, territorial 

synergies, economic-logistic aspects, and communication between private companies and research centres. The opportunity 

to apply the IS “working table” methodology (Cutaia et al., 2015) within an industrial area as Roveri, based on the 

companies territorial proximity, has brought great advantage both in terms of easily enterprises involvement and potential 

synergies identification (Scalbi et al., 2017). For these reasons FCD has supported RSV project, also by sponsoring and 

financing the RSV Official presentation day, during which IS “working table” took place. 

Climate KIC Pioneers into Practice (PIP) is Europe’s leading professional mobility programme focused on climate 

change. Pioneers programme is based on placements adopting transitions thinking and systems innovation to challenging 

situation. The main goal of the PIP placement carried out in Roveri industrial district was to start and support a transition 

process within the industrial district. This will be done through a bottom- up participatory process inspired by the Oasis 
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Game. This tool designed by the Instituto Elos (2012) philosophy is very helpful to start a transition process involving an 

urban community.  

BEST Energy Check Up is a demonstrator project still funded by Climate-KIC with a challenging objective: to push SMEs 

to the widespread application of energy audits at the industrial district level. In Italy, SMEs energy consumption and 

emissions are unregulated by existing policies due to their low single carbon emissions. Only Large or energy-intensive 

companies are affected by legal obligations that imply also a national dataset on these energy needs. The current legislation, 

which is based on 2012/27/EU Directive (EC, 2012), implemented in Italy by the Decree 102/2014, imposes obligations on 

energy audits and energy monitoring but only on large companies and energy-intensive companies: unfortunately this is not 

provided for SMEs. Due to the mentioned conditions, BEST intends to create a methodological approach that highlights the 

great advantages provided by targeted audits. The evidence of an effective environmental, energetic and economic advantage 

will stimulate entrepreneurs to have a more energy consumption overview, also through monitoring. In addition to these 

observations, it is very important underline that many incentives and funds are provided by local and national authorities, 

then the entrepreneurs interest becomes even higher. The application of energy audits and monitoring at Roveri district level 

will bring benefits for both individual companies, who will have knowledge of their energy waste, and for the urban 

industrial area that will benefit from the lower emissions that will arise from the application of energy improvement actions.  

Go-SIV is an international 12-month project involving Public Regional Agency for Economic Development in Italy, Poland 

and Portugal, funded by a specific topic of the European Research Programme Horizon 2020 (INNOSUP-05-2016-2016-

2017). ERVET leads in Italy the Project that aims to support innovation processes implemented by small and medium-sized 

enterprises, focused on the redevelopment of industrial areas located today at the margins or within urban areas. The project 

applies the "Peer learning" methodology to build the expected results and exchange knowledge and experiences in different 

test areas, by testing and developing an innovation ecosystem model called "Smart Industrial Villages" (SIV). In Italy, 

Roveri site has been proposed as a work area involving ENEA and Confindustria Emilia as local partners of the project. The 

project is ongoing. 

2.2 Community involvement 

An important opportunity for the involvements of enterprises has sprung from the collaboration among Food Crossing 

District Project and BEST Energy Check Up project. Especially, it was decided to propose a unique pathway for Roveri 

companies through a common questionnaire containing both industrial symbiosis (resource flows) and energy data collection 

(aimed at defining a check-up to identify the energy efficiency of buildings). This approach proved to be fruitful thanks to 

the great interest of companies in energy efficiency issues, which, therefore, has been the driving force behind the companies 

involvement also on the less-known theme of industrial symbiosis. In this first phase	 a small sample of 10 companies, 

previously selected and sensitized by Confindustria, have been contacted by phone to make an appointment to better explain 

the scope of the initiative and verify their interest in participating. For each company who has accepted to receive more 

information about both activities (energy efficiency and IS), a meeting was held at their headquarters. On the industrial 

symbiosis side, principles of industrial symbiosis and related activities have been explained. In particular, the pre-

compilation of an Excel file related to the resource flows (input and output) and the participation to the final “working table” 

with all other adherent enterprises have been accomplished. For the enterprises who decide to be part of the FCD project, the 

data collection file (previously explained) has been sent by e-mail also ensuring	 the willingness to support the company 

managers identified for the compilation phase (by mail and / or direct telephone contact of ENEA researchers involved in the 

Food Crossing District project). 

The IS “working table”, held on March 2017 and hosted by a Roveri company named KAESER COMPRESSORI, was an 

important opportunity to enhance collaboration. The aim of the table was to create and strengthen the network among the 

companies involved. Furthermore, through an open comparison, it helped to stimulate the identification of new resource 

flows, potential synergies and common interests among companies. The first phase of the  IS “working table” has consisted 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

748



in a first round of companies presentation and a first sharing and comparison of the pre-elaborated data. With the aim at 

expanding data collection, further input-output flows cards were provided asking companies to insert additional resources 

that were not previously considered. Finally, an in-depth analysis on the emerged resources was made in order to identify 

additional sharing possibilities and common interests in the resources management. 

Other important steps to support the community involvement were carried out during the placement of PIP project. In 

particular, the Oasis game approach was applied in Roveri specifically to build community and a strong network of 

enterprises. Three steps were designed and realized in October-November 2017: 

1. Listening and visioning. The first step was consisted of the organization of a participatory event held at the Eta 

Beta Cooperative. The aim was to present some Roveri entrepreneurial talents and share a first vision for Roveri 

community.  

2. Analysis of feasibility. The second step has involved the analysis and elaboration of paths generated by the ideas 

gathered during the first step event.  

3. Co-design. The third steps has regarded a report to the Roveri community of the main outcomes from the 

identified paths in order to fix priorities and to implement first concrete actions. 

2.3 Smart District Governance 

The integration of many projects requires new form of organisation taking into account of the industrial community demand 

and complexity. At the beginning of this process, Roveri industrial district has not had an area management organization. 

Lacking a formal district management, some new forms of organisation have been explored. Currently, an innovative 

governing board for the industrial community has been established.  The governing board (public and private) was made of 

Bologna Municipality, Emilia-Romagna Region, industry associations (Confindustria Emilia and CNA) and led by ENEA. 

This board is heading the industrial community involvements in projects and initiatives. In particular, first actions identified 

by the governing board are mainly referred to circular economy, energy efficiency and green economy improvements for 

SMEs.  

3. Results and discussion 

Currently, several projects have seen their implementation within Roveri area with significant achievement steering the 

transformation towards a Sustainable Smart District. On one hand, the integration is aimed at promoting innovative research 

projects that optimize resource use, energy efficiency and also promotes wellbeing and sustainable lifestyles. On the other 

hand, the involvement of different urban stakeholders has been revealed crucial to develop and establish smart and 

sustainable innovation at district scale. First resulting scenarios for Roveri District area are emerged as described below. 

3.1 Industrial symbiosis scenarios 

In the framework of Food Crossing District project, an Industrial Symbiosis “working table” has been realized in Roveri 

involving a limited sample of ten companies.  Out of ten companies, eight gave their availability to a preliminary meeting 

where FCD activities and goals have been deeper explained. After that, five of them took part in the activities, and three 

declared themselves not currently interested due to lack of time to invest in the activity and to production needs not 

compatible with the proposed period. Results have been described in Table 1. 

Table 1. Industrial Symbiosis “working table” results 

Companies Input resources 
collected 

Output resources 
collected 

Total shared 
resources 

5 28 31 59 

Considering the screening of shared flows, the following potential symbiosis scenarios have emerged: 
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1) District resource manager. Aims at identifying a unique district resource manager able to optimize and combine 

(economically and environmentally) the purchases  and distribution activities (e.g. identification of the resources purchased 

in the whole area by the companies in order to incentivize and promote a joint/shared purchases at a better price and with 

lower transportation’s impacts potential reduction due to the f delivery logistics optimization) 

2) Co-management and valorization of each company’s garden waste and maintenance: possibility to create a district 

composter for organic waste produced by companies that are currently sent to specific waste treatment plants outside 

Bologna or putted in urban organic bins (if small waste) by paying tax according to regional legislation. Emerge therefore 

the possibility to avoid the costs related to the waste (organic/biomass from gardens) management, as well as the possibility 

to reuse / sell the resulting soil after compost valorization. 

3) Shared services: interest in evaluating the economic/ social/environmental feasibility of shared services such as mobility 

and canteens. 

3.2 Common Vision for Roveri  

Several participatory meetings and events have been organized in the framework of Climate KIC Pioneers into Practice with 

the aim to strengthen the Roveri community and to build common vision.  

 

 

Figure 3. Roveri today – Roveri tomorrow: a map of vision for Roveri. 

As shown in figure 3, a map of dreams and vision for Roveri District of the future has been resulted. Main concepts 

emerging from this map are listed in table 2. 

Table 2. Concepts and actions for Roveri vision  

Main Concepts Vision Specific actions 

Community building Getting to know and making companies known - synergies map for shared services or suppliers; 

- Virtual representation of the Roveri District;    

- News or newspaper on Roveri District activities 
(web, marketing); 

- Open day 2018;  

- meeting dinners/aperitifs; 

- District sales / sales office  
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Sustainable mobility,  

 

Roveri district as test bed of sustainable mobility 

project 

- District electric bike stations; 

- Traffic management and maintenance street; 

- Enhancing and making Roveri excellence for 

electric mobility; 

 

Management board  

 

Board as a bridge with public administration - Board composed by various Roveri actors  

(companies, social cooperatives, citizens); 

- Board with the participation of artisan companies. 

Financing and 

planning service 

 

Accompanying companies energy efficiency 
interventions and circular economy - Establishment of a District reference group for 

funding;  

- European funding information; 

 

3.3 Energy saving scenarios 

By combining two existing energy saving scans for SMEs, BE+ and SME Energy CheckUp, BEST project will implement 

full spectrum energy savings both on individual and regional level by tapping in on existing organizations or by creating new 

Energy Networks if no regional organization exists. Two independent approaches have been developed in The Netherlands 

to persuade SMEs to take action, Business parks Energy Positive (BE+) and SME Energy CheckUp. Both approaches are 

very distinct as BE+ works top-down with organized business parks (park management structure in place) and analyses 

energy saving potential on a macroscopic level for a business park and its participating companies. SME Energy CheckUp 

on the other hand works bottom-up as an online platform for all individual SMEs to use, irrespective of specific location, and 

charts the individual measures for each SME. In BEST Energy Check UP both approaches will be combined to reach SME’s 

that are located on Industrial Parks where a local organization is lacking (both in Nederland and Italy according to local 

regulation). The combination will increase the reach and effectiveness of both individual tools; SME Energy CheckUp can 

be the fine tuning for Business parks Energy Positive (BE+) at organized business parks, while BE+ can reach out to 

unorganized SMEs everywhere via SME Energy CheckUp and start to build Energy Saving Collectives or Energy Service 

Companies (ESCO’s). In BEST project, the power of networks (organizational, physical, digital, and social) will be 

employed to accelerate the implementation of energy saving measures in companies and for the consortium to tap in on the 

business opportunities. The aforementioned value propositions will be implemented in this cooperation and benefit from the 

increased effectiveness of both the Business parks Energy Positive (BE+) and SME Energy CheckUp approach that is to be 

expected.  

3.4 Discussion 

For a better understandings and weighting of results, it is important to remark that all these activities are just first steps to a 

more solid transition process towards Roveri Smart Village. In particular, future goals for the industrial symbiosis path in 

Roveri will be to create a more exhaustive and representative input/output resources database with the aim to identify more 

synergies than those currently identified with a limited sample of companies.  

Furthermore, additional challenge for energy scenario in business parks is that energy usage is largely dependent on 

economic growth in general and business success of individual businesses. Therefore, energy measures might not result in 

energy saving, because there has been a lot more production. The regional monitoring will take these factors into account 

evaluating specific energy consumption and relating it to actual production, thus providing an objective and realistic energy 
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performance. Additionally, regional monitoring will include energy patterns. These are important to enable the design of 

collective energy measures, peak saving and energy exchange. This way, the regional monitoring will promote actual 

implementation of energy between businesses/industries.  

Additionally, other specific actions have been recently implemented by Valpreda et al. (2018) to generate the basic 

knowledge indispensable to transform research project results in effective innovation upgrade. A GIS-map of SMEs in 

Roveri occurrence depict and monitoring can allows not only to know and monitor the industrial activities presence but also 

to decide more suitable and holistic projects on energy efficiency and green economy. Moreover the governing board has 

accomplished specific actions to raise the local community consciousness towards a suitable self-management. 

Finally, informal initiatives are rising as unexpected way to meet Roveri Community.  An example is the B2B aperitif, a 

monthly opportunity for the industrial community to meet up and discuss about some possible common aims. The idea is 

that the current Roveri Smart Village governing board can support the growth of a new Roveri board constituted directly by 

the entrepreneurs according to the cooperative approach. This will be one of the final project goal. Future intentions will also 

concern the implementation of research projects in the field of circular economy always in the perspective to determine and 

reinforce sharing and mutual behaviour that are the grounds of community building and collaboration. 

4. Conclusions 

Thanks to the projects integration and the adoption of a collaborative approach, some basic steps were achieved towards 

Roveri Smart Village Project. Main actions have been realized to meet local industrial community and to explore the 

community intentions. In particular, starting without an institutional management board, a great effort has been given to 

promote projects that can promote a community building and sustainability transition in a wide and heterogeneous industrial 

context as Roveri is. The combination of different projects within Roveri industrial area has allowed to accelerate a dynamic 

transition process in order to tackle the numerous challenges related to environmental, social and economic aspects. As a 

result, the attention on the growth of the Roveri community is now extraordinary. Next steps are pushing the research and 

the industry associations world towards experimenting new models of collaboration specially though the involvement of the 

local industrial and craft associations. 

Acknowledgements 

The authors would like to thanks Food Crossing District partners; Go-SIV Project partners and Martina Francesca, pioneer 

of Climate KIC Programme for their contribution to this paper. 

References 

Cutaia, L. Morabito, R. Barberio, G., Mancuso, E., Brunori, C., Spezzano, P., Mione, A., Mungiguerra, C.,  Li Rosi, O.,  
Cappello, F. 2014. The  project  for  the  implementation  of  the  industrial  symbiosis  platform  in  Sicily:  the  progress  
after  the  first  year  of  operation  Pathways  to environmental sustainability. Methodologies and experiences, Springer. 
ISBN 978-3-319-0825-4. 

Eurobarometer. 2017. SMEs, resource efficiency and green markets. Available at 
https://data.europa.eu/euodp/en/data/dataset/S2151_456_ENG (accessed March, 2018) 

European Commission, EC, 2012. Directive 2012/27/EU on energy efficiency, amending Directives 2009/125/EC and 
2010/30/EU and repealing Directives 2004/8/EC and 2006/32/EC. OJ L315, 14 November 2012. 

Hatuka,T. and Ben-Joseph, E. 2017. Industrial Urbanism: Typologies, Concepts and Prospects. Built Environment, Vol 
43,No. 1, March 2017, pp.10-24. 

Italian Decree, 4 luglio 2014, n. 102 "Attuazione della direttiva 2012/27/UE sull'efficienza energetica, che modifica le 
direttive 2009/125/CE e 2010/30/UE e abroga le direttive 2004/8/CE e 2006/32/CE". 

Instituto Elos, 2012. Elos oasis game methodology. Available at: www.institutoelosbrasil.org. (Accessed March 2018). 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

752



Scalbi S., Ansanelli G., Bendini A., Buttol P., Chiavetta C., Cortesi S., Cutaia L., Elmo G., Fantin V., Mancuso E., Porta 
P.L., Preka R., Rodriguez-Estrada M.T., Sposato P., Gallina Toschi T., 2017. The FOOD CROSSING DISTRICT Project: 
Industrial Symbiosis for the agrofood sector in the Emilia-Romagna Region in Italy. In Proceedings of the first SUN 
(Symbiosis User Network) Conference, 25 Ottobre 2017, Roma, Italia. ISBN 978-88-8286-358-6. 

Sposato, P., Preka, R., Cappellaro, F., Cutaia . L. Sharing economy and circular economy. How technology and collaborative 
consumption innovations boost closing the loop strategies. Environmental Engineering and Management Journal (EEJM), 
Vol.16 , No.8 . pp.1797-1806. 2017. 

UN-Habitat. 2011.  Cities and Climate Change: Global Report on Human Settlements . London: Earthscan. Available at: 
http://mirror.unhabitat.org/downloads/docs/E_Hot_Cities.pdf 

Valpreda E., Moretti L., Brunelli W., Cappellaro F., Segreto M-A., 2018. A new collaborative model for a holistic and 
sustainable metropolitan planning. TECHNE Journal of Technology for Architecture and Environment. Special Issue 1/2018 
on “European Pathways to Smart Cities” (paper approved). 

 
 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

753



Implementing circular economy in Umbria through an industrial  

symbiosis network model 

Laura Cutaia1, Elisabetta Boncio2, Tiziana Beltrani1, Grazia Barberio1, Erika Mancuso1, Andrea Massoli2, Susanna Paoni2, 

Silvia Sbaffoni1, Marco La Monica3    

 

1 ENEA, Italy ,laura.cutaia@enea.it 

2 Sviluppumbria S.R.L , Italy, e.boncio@sviluppumbria.it 

3 Free lance researcher, marcolamonica@hotmail.it 

 

Abstract 

Industrial symbiosis (IS) is a concept based on the idea of industrial ecosystems establishing symbiotic relationships between 

economically independent industries in order to make industry more sustainable and achieve collective benefits (the term “industrial” 

can also be extended to other anthropic systems). IS engages traditionally separate industries in a collective approach to competitive 

advantage involving physical exchange of materials, water, energy and by-products. Development of IS depends on an enabling 

context of social, informational, technological, economic and political factors. The Umbria region is characterized by a highly 

competitive productive and economic industrial system with a very significant presence of manufacturing activities. IS is in line with 

the recent European strategies for decoupling economic growth from natural resource consumption through the promotion of more 

sustainable business models. This paper reports the activities developed by Sviluppumbria (Multi-functional Agency of the Umbria 

Regional Authority) and ENEA (Italian Agency for New technologies, Energy and Sustainable Economic Development) in the 

framework of the Innetwork project 2016/2017  2014-2020 ROP Umbria ERDF , Axis 1, Action 1.2.1) to support SMEs to 

individuate symbiosis opportunities at regional level in 2017. The project for an Industrial Symbiosis (IS) network in Umbria had the 

following objectives: (I) analysis of the productive sector in Umbria (II) local network activation with public and private actors (III) 

collection and processing of data (IV) development of handbooks for two most significant synergies and involvement of the 

interested companies to focus on specific solutions for resources valorization; handbooks has been developed with the collaboration 

of involved companies. Two workshops have been held in Terni (07.04.2017) and Assisi (09.06.2017), where more than 50 SMEs 

participated, and about 200 resources in output and about 80 resources in input have been shared among companies. More than 200 

potential synergies were found among the participating companies, some of them found by ENEA with a specific data analysis. The 

resource streams and synergies have been studied to realise two technical handbooks: one handbook for the production of 

nutraceutical substances and the other one for energy production both from scraps coming from agro-industry. In the present paper 

the handbook for the nutraceutical substances production from scraps coming from agro-industry will be presented. 

 

Keywords: Circular economy, Resource efficiency, By-products, Synergies, Network, Umbria. 

 

1. Introduction  

Industrial symbiosis (IS) is an emerging field of industrial ecology concerning the collaborative management of resource flows in 

business networks with the aim of achieving at the same time economic, environmental, and social advantages (Mirata, 2004). IS 

usually occurs between geographically proximate firms, e.g. firms co-located in clusters or industrial parks, as well as at regional 

level (Paquin and Howard-Grenville 2009). The fundamental principle of IS is the sharing of resources between firms. IS involves 

interconnections among industrial processes performed by traditionally separate industries, such as the physical exchange of 

materials, energy, water and by-product, to create mutual benefits (Boons et al. 2011; Chertow, 2000). In this way, the consumption 

of materials and energy is optimized, and by-products from one industry serve as raw materials for other industries, reducing disposal 

of waste and loss of resources (Frosch and Gallopoulos, 1989). The economic benefit associated with IS are in different dimensions. 

Economically, companies benefit by access to cheaper resource, avoiding disposal costs, and/or gaining extra profit from selling the 

by-products. The environmental advantages come from reducing resource consumption and mitigating environmental pollution 

(Erkman, 1997; Chertow and Lombardi, 2005). Finally, innovative business models can create a new relationship between companies 

and consumers (European Commission, 2014a). 

Recent European policy documents have supported IS as an integral part of economic and environmental policy. IS is actually 

identified as a tool to implement circular economy in the last circular economy package of European Commission. In its Action Plan 

for Circular Economy, the European Commission targets a more sustainable and resource-efficient economy in Europe, identifies the 

need to promote IS and announces revised European regulation of waste in order “to clarify rules on by-products to facilitate 

industrial symbiosis and help create a level playing field across the EU” (European Commission, 2015). According to the 
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internationally recognized waste hierarchy IS application at local scale can contribute to the waste prevention and to the systematic 

reuse of waste and by-products minimizing in this way the need to extract natural resources and the depletion of environment 

(European Commission, 2008). ENEA (Italian Agency for New technologies, Energy and Sustainable Economic Development) and 

Sviluppumbria (Multi-functional Agency of the Umbria Regional Authority) cooperated to develop a IS network model among the 

companies in the Umbria region for the implementation of industrial symbiosis and new cooperative business models in the 

framework of the project Innetwork 2016/2017 (2014-2020 ROP Umbria ERDF , Axis 1, Action 1.2.1). 

Sviluppumbria contacted about 100 companies in order to involve them in the IS working workshops. 50 companies participated at 

the Terni and Assisi workshops held in 2017 April 7th  and 2017 June 9th respectively. They shared about 200 output resources and 

about 80 input resources. More than 200 potential synergies were identified. ENEA processed the data in order to list the potential 

synergies identified for each company participating to the workshops and to find more suitable potential synergies with an ex-post 

data analysis carried out by ENEA starting from data collected during workshops. According to the most significant synergies in 

terms of amount of involved resources and interest from companies in deepening the analysis, ENEA set up handbooks for describing 

in details the synergies for two particular cases: one handbook for the production of nutraceutical substances and the other one for 

energy production both from scraps coming from agro-industry. In the present paper the handbook for the nutraceutical substances 

production from scraps coming from agro-industry will be presented. 

 

2. Methods 

In 2011 ENEA started the development and the implementation of an IS network model thanks to three projects in three Italian 

regions: the “Eco-Innovation Sicily” project (Cutaia et al., 2015; 2014a; Luciano et al., 2016); the "Green Project - Industrial 

Symbiosis" in Emilia-Romagna (Cutaia et al., 2016; 2014b); and the "Industrial Park of Rieti-Cittaducale" project in Lazio (La 

Monica, 2016). The ENEA methodology used in all these projects to support companies in the realization of IS matches is the same 

applied in Umbria within the project presented in this paper. That consists of the following three phases. 

A first organizational phase: 

 analysis of the territorial context and, in particular, of its productive sectors; 

 creation of a company database also geo-referenced; 

 networking and promotion activities through more moments of contact with the selected companies located in the area and 

other stakeholders (e.g. public authorities, decision makers, institutions and associations of category) in order to illustrate 

the project and invite them to the workshops organized in order to get information on company inputs-outputs; 

 sending emails to the companies taking in part in the workshops where are asked to fill in ENEA input–output table before 

the meeting so as to carry out a data collection on resources that they want to put in sharing within the project (those 

resources could be eventually updated and improved both during and after the workshops);  

 organization of workshops in which ENEA identifies together with the companies the possible symbiotic synergies using 

input–output tables. 

In the first phase it is interesting to underline that the ENEA input-output table is a data sheet to obtain information on resources that 

companies want to voluntarily share with others. That one foresees a taxonomy for the inventory of inputs or requested resources and 

of outputs or generated resources by companies (Figure 1), taking into account as resources “materials, energy, services, skills” and 

using code systems officially used in Italy (according EU regulation) for different kind of inventories (e.g. Nace codes, ATECO 

codes, ProdCom, EWC) with which companies normally deal with. Information asked in the input-output tables for collecting data 

are, in fact, the more simplified available in order to allow companies to fill the tables with the less possible effort, because 

information asked are those already used by the companies for their normal management.  
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Figure 1. ENEA input-output table (Cutaia L, at al., 2015) 

A second executive phase: 

 carry out workshops with companies; 

 a first moment of "data processing" during the workshops, i.e. the analysis of all the input-output data and identification of 

synergies with the companies; 

 after the workshops, ENEA sends back an email to the companies with the list of shared resources by each company for 

their final control so that after information shared by companies through input-output tables are loaded on the ENEA 

platform; 

 a second moment of "data processing" in which through the ENEA platform to identify further synergies compared to these 

ones found during the workshops; 

 selection of the paths of IS to be proposed to companies; 

 in-depth study of all issues to implement the pathway; 

 first drafting of operating handbooks reporting selected IS paths. 

Data elaboration and searching for synergies has also been realised with the help of the IS platform (www.industrialsymbiosis.it) 

developed by ENEA and used, with the same metrics and taxonomy in similar projects in Italy and abroad. The platform is based on 

the concept of IS which engages traditionally separate industries and other stakeholders in a network to foster eco-innovation 

strategies and a more sustainable use of resources (Chertow, 2000; Lombardi and Laybourn, 2012). It works through: 1) the 

interconnection (networking) among traditionally separated stakeholders (users) through matching between demand and supplyof 

resources shared by companies ; 2) existing databases and/or created by users that can be geo-referenced through Geographic 

Information System; 3) a central manager, that is ENEA. 

The third final phase: 

 carrying out a consultation meeting among the companies involved in the possible paths of selected IS, ENEA and other 

stakeholders where they discuss feasibility and different characteristics for implementation them; 

 review of the handbooks based on feedbacks obtained during the consultation meeting with the companies and other 

stakeholders; 

 final drafting of the handbooks; 

 delivery of final handbooks to the companies involved. 

In this last phase it is important to underlines that the handbook offers a systemic approach and knowledge base to support companies 

in the implementation of IS patterns found during or after the workshops, providing specific and tailored information for regulations, 

standards, logistical aspects, technical aspects, etc related to the specific synergy analysed. The handbook is organised in a first 

synthetic part (summary scheme) and a second containing all the useful documentation (technical dossier), citied in the first part. 

This useful tool aims to verify the feasibility of the synergies identified from a technical, logistics, economic and regulatory point of 

Input / 

Output
Risorsa (descrizione) Risorsa (nome commerciale) Risorsa (tipologia 1) Risorsa (tipologia 2 - a)

Risorsa (codice)

 [CER -  se rifiuto]

Risorsa (codice) 

[ProdCom -  se 

sottoprodotto]

Risorsa (codice) 

[NACE -  se servizio]

Tipo di 

quantitativo 

risorsa

quantità unità di misura

Scheda raccolta dati INPUT/OUTPUT
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view through a holistic approach that analyzes every single step of the path. The handbook allows identifying the issues to 

deepen/solve or barriers to overcome in order to implement synergies such as characterization and qualification of materials or 

administrative requirements. Moreover, this document can be a solid starting point for the setting up of an handbook, valid in an 

average way, and that allows the replication of the described IS pathways at similar cases. 

The involvement of companies is based on a proximity criterion in the surrounding of the cities of Terni and Assisi, realised with the 

help of Sviluppumbria. 

 

3. Results and Discussion 

According to the proximity criterion, about 100 companies have been invited to take part to the workshops in Terni (07.04.2017 – 

Figure 2) and Assisi (9.06.2017) and, at the end, 24 companies participated at the workshops in Terni and 26 in Assisi. Table 1 shows 

the types of companies taking part to the workshops. It can be highlighted that the manufacturing sector was the most represented in 

both workshops followed by the agriculture sector. 

 
Figure 2.Terni Workshop 2017 April 7th 

 

Table 1. Companies participating at workshops held in Terni (2017April 7th) and Assisi (2017 June 9th) 

Companies Terni  Assisi  TOT 

Agriculture 1 7 8 

Manufacturing 18 15 33 

Waste management activities 1 0 1 

Construction 1 1 2 

Wholesale 0 2 2 

Financial activities 1 0 1 

Professional, scientific and technical activities 2 1 3 

TOTAL 24 26 50 

 

The supply chain mainly represented in both workshops was the agro-industrial one with 18 companies: 8 from the Agriculture 

sector, 8 from the Manufacturing sector and 2 from Wholesale. 

In Table 2 are reported the first results of both events. The resources shared during the workshops are 45 inputs (resources needed) 

and 201 outputs (resources offered). Wood and wood products are the most significant inputs, while agro-industrial waste and plastic, 

plastic products and rubber are the most significant ones for outputs. 

As a whole about 250 resources were shared and about 260 potential synergies were identified, as reported respectively in Table 2 

and Table 3. 
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Table 2. Resources shared during the Terni (2017April 7th) and Assisi (2017 June 9th ) workshops (input, output) 

Resource 
INPUT OUTPUT Total 

Terni  Assisi  Terni  Assisi  Input Output 

Energy 1 --- 4 --- 1 4 

Service 2 1 1 14 3 15 

Capacity 1 1 1 --- 2 1 

Paper and paper products 4 --- 7 9 4 16 

Chemical products 1 5 5 4 6 9 

Metal and metal products 2 2 12 8 4 20 

Wood and wood products 6 13 15 6 19 21 

Agro-industrial waste 2 ---- 16 26 2 42 

Construction and demolition 

waste 

1 2 --- 3 3 3 

Plastic, plastic products and 

rubber 

1 --- 29 7 1 36 

Exhausted oil   2 2 0 4 

Mixed packings   2 6 0 8 

Glass   --- 1 0 1 

Water and sewage sludge   8 4 0 12 

Other   4 5 0 9 

TOTAL 21 24 106 95 45 201 

 

Resources shared in Terni and Assisi have been cross-checked for looking for more potential synergies and the results are shown in 

the column “mixed” in Table 3. 

Table 3. Matches  shared during the Terni (2017April 7th)  and Assisi (2017 June 9th )Workshops 
MATCHES Terni  Assisi  “Mixed” TOTAL 

Energy 4 --- 4 8 

Service 5 --- --- 5 

Paper and paper products 6 16 17 39 

Chemical products 4 --- --- 4 

Metal and metal products 6 16 17 39 

Wood and wood products 20 7 8 35 

Agro-industrial waste 19 36 15 70 

Construction and demolition 

waste 

4 1 1 6 

Plastic,  plastic products and 

rubber 

19 2 13 34 

Mixed packings --- 1 --- 1 

Water and sewage sludge 8 1 2 11 

Other 5 2 --- 7 

TOTAL MATCHES 100 82 77 259 

 
Resource streams and synergies have been deeply analysed to realise two technical handbooks: one handbook for the production of 

nutraceutical substances and the other one for energy production both from scraps coming from agro-industry. The specific issues on 

which focus the development of handbooks has been selected according to the most important streams, even in quantitative terms, 

and according to the availability of involved companies to provide more specific information both from the output side and from the 

input one. The following paragraph reports the handbook for the nutraceutical substances production from scraps coming from agro-

industry. 

 

3.1 Handbook for the nutraceutical substances production from scraps coming from agro-industry.  

The companies involved in a possible path of IS aiming at the production of nutraceutical substances from agro-industrial scraps are 

four: one input-company (U015) that wants to have these resources and three output-companies (U024, U033, U055) that want to 

give them out (Table 4). Companies, as well as streams, are named with the code used in the project and not reported with its own 

name for privacy reasons. 
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Table 4. Companies involved in the handbook for the nutraceutical substances production from scraps coming from agro-industry. 

Workshop 
Company 

code 
Legal form Production site Province 

NACE 

Rev.2 
Activity description 

TERNI U015 
Limited liability 

company 
Terni Terni M72.19 

Other research and experimental 

development on natural sciences 

and engineering 

TERNI U024 
Sole 

proprietorship 
Terni Terni C10.41 Manufacture of oils and fats 

ASSISI U033 
Sole 

proprietorship 
Foligno Perugia A01.26 Growing of oleaginous fruits 

ASSISI U055 
Limited liability 

company 
Marsciano Perugia G46.33 

Wholesale of dairy products, eggs 

and edible oils and fats 

 

The input-company U015 is a company having his production site localized in the city of Terni. According to the NACE code this 

company carries out research and experimental development in the field of natural sciences and engineering. Its activity is mainly 

focused on obtaining products from the extraction of polyphenols of the olive. 

The output-companies are as follows: 

 U024 is a company whose production site is located in the city of Terni. According to the NACE code, it works in the 

manufacture of oils and fats. Its main activity concerns the collection and storage of olives and the extraction of oil through 

an olive-press and its storage and bottling. 

 U033 is a company having his production site localized in Foligno in the province of Perugia. According to the NACE 

code this output-company mainly deals with the growing of oleaginous fruits. The farm cultivates olive trees following the 

principles of organic farming producing also an extra virgin organic olive oil thanks to an olive-press. 

 U055 is a company whose production site is located in Marsciano in the province of Perugia. According to the NACE code, 

it works in wholesale of dairy products, eggs and edible oils and fats. This company mainly produces wines and olive oil 

and sells its products either through direct sales or through its online store. 

  
Figure 3. Geographical location of companies located in Umbria Region (Italy). 

 

Handbook for the valorisation of waste from the processing of olives refers in particular to the reuse of the vegetation waters that 

come out from the mills. With regard to this synergy, four companies are involved: three companies share vegetation waters and a 

U055 

U015 

U033 

U024 
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company receives them. The receiving company is able to valorize these waters in a chemical production process that extracts useful 

substances for the nutraceutical sector. The term "Nutraceutical" derives from the union of "nutrition" and "pharmaceutical" and 

refers to those nutrient principles contained in foods that have beneficial effects on health. They are normally present in natural food 

but industrial transformation processes can affect its presence in final food products. Nutraceuticals can be extracted, synthesized and 

used as food integrative, or added to food. Company that receives these waters operates in the field of chemical extraction, in the 

research and innovation of new solutions to be put on the market. They produce natural raw materials with a high biochemical 

impact. Their production site has a plant for the extraction of polyphenols from the vegetation waters from the olive-oil production. 

Practically, first of all the waters are  stored in large silos and then transferred to evaporators which concentrate the most reach part in 

substances.  In this step the concentrated water is mixed with ethanol in a mixer at a temperature of 4°C. After 24 hours, allowing the 

most solid substances to settle, the concentrate goes to the distiller. The distiller extracts the ethanol that is expelled from the 

concentrate, and produces the rest as a gelatinous appearance. This final product is dark and gelatinous with a very high content of 

polyphenols, very interesting for the cosmetic industry. The Company produces a high quality anti-aging cream. The product can be 

sold in the form of a polyphenolic compound for different uses and sectors. This process represents a strategic opportunity because it 

could be applied to vegetation waters coming from several mills located in the area and can be applied to other similar situation, quite 

usual in Italy. The very strong point of this synergy is the very high added value of the final product (the concentrated polyphenol 

gelatine) that has several application potentials. Following figure shows the relations of the synergy related to the waste water 

streams from olive-oil valorisation for polyphenol extraction. With the red line are indicated the match identified during the 

workshops, with the blue ones the matches identified by ENEA. 

 

 

Figure 4. Waste water streams from olive-oil for polyphenol extraction - Synergy layout  
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Regulatory issues  
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  Directive 

2008/98/EC 

  Regulation 432/2012 Regulation on the use of 
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law 
    Directive 88/388 and 

Decision 1999/217 on 
aromatizes; Directive 

76/768 on cosmetic 

products 

National 

Legislative Decree 

152/6 By-product: 

art.184 

Decree by-
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October 2016 

 Regulation on the use of 

additives in food 

products: Ministerial 
decree 209/96 

 

Technical issues  

Specific process: 

olive waste 

processing 

 Data sheet from 
Annex 2 of the 

DM by-products 

Subscription to the 
demand exchange 

platform offered by DM 

by-products 

  

Logistical issues 

Authorization 

permission 

 Supply contract 
by-products 

Transport documents   

 

Figure 5. Layout and summary table for the nutraceutical substances production waste water from olive-oil production. 

 

4. Conclusions 

Based on the IS approach, the proposed methodology can be considered an interesting solution to facilitate the IS at a regional level 

and local level. The methodology helps to promote the efficient use of resources and new business models through the selection of 

the most promising synergies between companies, and the possibility of new opportunities for collaboration in the sharing of 

infrastructure and services. The methodology was tested in an industrialized area of Umbria region (Italy) that has many industries 

not strongly cooperating, at least from the point of view of enhancing circular economy through the IS. Most companies are SMEs 

with a high number of small different flows, in input and in output. The industrial symbiosis pilot project in the Umbria region is 

ended but ENEA is currently working to evaluate the economic feasibility of the synergies proposed in comparison to the existent 

scenario (BAU, Business as Usual). The results of the economic assessment will be integrated properly in the corresponding 

handbooks and delivered to the involved companies as well as presented to main stakeholders. The collaboration between ENEA and 

Sviluppumbria will probably continue, given the very positive feedback that the pilot project on industrial symbiosis had from 

companies and stakeholders. 
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Abstract 

The development of an Industrial Symbiosis (IS) is a socio-technical phenomenon; this is much more evident when an IS relies 

on existing contexts. Industrial networks have been proven to be one of the best models of local industrial development, and 

favourable contexts for IS. It is widely recognised that the features of the starting contexts may deeply influence the 

development of the IS, the present article aims to contributes to this debate investigating the networking features (entities/nodes 

and relations/ties) of six industrial contexts. The study proposed is a meta-analysis of the experiences gained by the authors in 

the carrying out studies concerning the potential development of IS in Italian local industrial networks.  

 

Keywords: Industrial Symbiosis, Industrial Ecology, Industrial Network, Clusters, Districts 

 

1. Introduction  

Industrial Symbiosis (IS) is an approach that promotes the engagement of communities of companies in improving their 

economic and environmental performance through collaborative strategies (Chertow, 2000). IS networks are considered as 

“complex adaptive systems”, which can arise in different ways and evolve over time (Ehrenfeld and Gertler, 1997; Boons et 

al., 2016; Chertow, 2007; Chertow and Ehrenfeld, 2012). An IS may rely on new or existing contexts and evolve in a planned, 

facilitated, or spontaneous way; from an operational point of view, it may include multiple solutions (e.g. synergies within 

supply chains, synergies from shared use of utilities, synergies from local use of by-products, energy, or wastes) (Chertow, 

2000). In the literature, there is still much debate on how to make the IS successful and on the factors that affect its 

implementation, including technical and organisational aspects, regulatory issues, stakeholders involvement, and economic 

feasibility (Deutz and Gibbs, 2008; Heeres et al., 2004; Boons and Baas, 2006); it has been outlined that symbiotic synergies 

are also enabled from a base of social relations, which find strength in trust and cultural elements (Doménech and Davies, 

2011). Industrial networks are considered to be one of the most promising contexts for IS, due to the geographic proximity 

and the general tendency to collaboration of companies (Erkman and Van Hezik, 2014; Hewes and Lyons, 2008; Sterr and 

Ott, 2004; Wallner, 1999). They can take various forms (e.g. cluster, districts, supply chains) and may operate at different 

spatial scales, i.e. local, regional, national, supra-national (Smith et al, 1991; Powell et al, 1996; Gulati, 1998).  

The study here proposed is aimed at investigating different typology of network in relation to the development of an IS strategy. 

The main objective is to highlight the structural and organizational elements of each context, and the physical and social 

relationships that characterize them. A proper and timely identification and comprehension of these aspects (e.g. nature of the 

entities involved, type of exchanges, size of companies, spatial distances, roles, internal hierarchies, external influences) may 

be useful for the selection of the most appropriate approach to be followed in IS development, for the identification of the 

technical solutions to be implemented, but above all for the understanding of the “operating dynamics” of the network.  

The study is largely based on the results obtained by the authors facing the development of IS in existing industrial networks. 

Research on various forms/models of agglomerations of companies have been conducted; among them, the six here presented: 
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planned industrial areas, local supply networks, districts, ecologically equipped industrial areas, innovation poles. The article 

is structured as follows: an analytical framework has been firstly defined, the features of each network have been then analysed 

and represented; the results obtained by comparing the six contexts in the perspective of IS development have been then 

discussed.   

2. Methods 

The study applies the typical methodological approach of Industrial Ecology (IE), encompassing systemic and interdisciplinary 

analysis for the identification of potential areas for theoretical, methodological and practical advancements in knowledge. As 

mentioned, the background of the analysis comes from the empirical experience gained by the authors in previous studies 

(Taddeo et al. 2012; Simboli et al. 2014; Simboli et al. 2015; Taddeo 2016; Taddeo et al. 2017a 2017b; Simboli et al. 2018-In 

press) (fig.1). 

  

Figure 1. The six empirical contexts (network models) considered in the study 

In the study here presented, the structural (entities/nodes) and relational (ties/flows) features of six types of network have been 

considered. Our exploratory research question is: how can the structure and relationships of the existing network influence the 

development of the IS? We deemed this further deepening capable of providing both methodological and applicative 

contributions for IS studies and for the policies of sustainable local industrial re-development, especially in countries, such as 

Italy, where local networks are widespread. For the preliminary literature overview, the authors have defined a set of key-

concepts (Industrial Ecology; Industrial Symbiosis; industrial networking; industrial clusters) and combined the same for a 

keyword research. Data have been retrieved from scientific databases. General information about empirical contexts were 

obtained by Regional and local regulations, technical reports and official websites. For the empirical part of the study, 

according to Costa and Ferrão (2010) and Mirata (2004), the approach followed is mainly inductive; the case studies results 

are here used for a meta-analysis of findings, drawing on the principles of multiple case study and interpretative research (Yin, 

2014; Walsham, 1995; Eisenhardt, 1989). Since the focus is on socio-technical contexts, the used data and information have a 

qualitative and quantitative nature. The results of the analysis carried out have theoretical-methodological and empirical nature; 

they will be presented below and subsequently discussed. 

3. Results and Discussion 

3.1. The relevance of networking in IS  

Networks have been primarily analysed by economic and management literatures (Granovetter, 1985; Gulati, 1998; Kogut, 

2000; Padgett and Powell, 2003; Giuliani, 2007). Their distinctive features (e.g. dimension of companies; products and 
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processes involved; prevailing technological standards; workforce needs; presence of utilities; logistics and other support 

activities) and the basic relationships that characterize them are often closely related to their origins (Markusen, 1983) for 

instance: 

a) networks planned, or emerged to exploit a unique or specific resource (oilfield, cultivable land, a given raw material), 

may lead to the development of settlements that are characterized by a certain level of homogeneity, in terms of 

organizations and technologies involved; 

b) networks born after the establishment of a large/leading manufacturing company in a given territory may be 

characterized by the presence of several complementary productions and services, managed by SMEs, this may also 

depend on the nature and the complexity of the final productions;  

c) networks promoted by government incentives, or for the presence of generic factors (low cost of labor and 

infrastructures) led to the development of heterogeneous settlements, in which no specific industries/processes or 

structural relation may be detected.  

Network has been defined by Powell and Smith-Doerr (1994) as “a set of nodes linked by a set of relations”. In the context of 

this article, network nodes are constituted by companies that relate to each other through various types of relationships. 

Examples of business relations are inputs (material and energy) and service exchanges among the members. Along with 

business relationships, networks can be strongly linked by social relationships (Granovetter, 1973). Marsden and Friedkin 

(1993) argue that social relations influence firm actions: the pattern of relationships between network nodes and ties shapes 

the behavior of other actors in the network. We distinguish between two types of relationships among actors, namely, personal 

and professional. Professional relationships are identified in terms of the various connections that bring people together to 

make a business; personal relationships, such as friendship, kinship, and political and geographic relationships usually rely on 

informal ties between components (Padgett and Powell, 2003; Lincoln, 1990). Personal relationships are recognised to be vital 

for the growth of a network since they enable members to trust each other’s behavior (Gulati, 1998, Ceci et al, 2010). 

Geographical proximity is recognised as key element in generating and facilitating relations within networks (Becattini, 1992; 

Cooke, 1996; Rallet and Torre, 1999; Boschma, 2005). 

Networking, both social and material, is a common theme of several studies concerning the development of IS in existing 

contexts. Some of them investigated the interactions of the economic and social aspects in the implementation of sustainable 

development strategies within local and regional networks (Cohen-Rosenthal and McGalliard, 1996; Gibbs, 2003; Chertow et 

al, 2008; Baas and Huising, 2008; MacLachlan, 2013); other have deepened the role of tacit and explicit knowledge and ICT 

tools in order to enhance collaboration (Grant et al., 2010), others have focused on embeddedness, associated with the concept 

of trust (Doménech and Davies, 2011) or proximity (Schiller et al., 2014; Velenturf and Jensen, 2016), for the application of 

Social Network Analysis (SNA). During time, several authors recognize the potential of IS to create new opportunities and 

add value to local production systems that find best expression in the model of industrial clusters or districts (Roberts, 2004; 

Baptista, 1998;  Wallner, 1999). In this sense, networking can be seen not only as a prerequisite, or as an enabling element of 

IS, but also as an effect. Studies conducted within long-standing IS, as for example the Kalundborg case, demonstrate that 

symbiotic networks are capable of modifying themselves, thus creating new spaces for collaborations and relations among the 

companies involved (Chopra and Khanna, 2014). 

3.2. Network models analysed and their features, as emerged form case studies 

This section presents the structure (nodes/entities) and relations (ties/flows) as emerged in the types/models of local networks 

investigated: industrial areas, local supply networks, districts, Ecologically Equipped Industrial Areas (EEIAs), Innovation 

Poles (IPs). The following diagrams synthetically reproduce the main features of the networks in the various contexts analysed; 

however, to improve their readability, some nodes and/or ties have been omitted. Figure 2 shows a map of the graphic signs 

used to represent contexts, entities and flows involved in the analysis. Different nodes colour represent different industrial 

sectors, different nodes size represent company size (small, medium, large). 
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Figure 2. Map of the graphic signs used to represent contexts, entities and flows involved in the analysis 

 

The aspects detected concerning the entities involved are: the number, the nature (public or private), their average size, the 

sector of activity, moreover, the presence of service companies, public companies, plants for the production of energy, waste 

treatment facilities involved in the network were detected. Regarding the relationships, importance was given to business 

relationships (supply of goods and services, energy or water), disposal of wastes and social relations (formal and informal).  

- Industrial area or Industrial pole (Chemical Pole and Urban Industrial area):  The first type of industrial contexts – here 

named “industrial poles”- have been widely disseminated in Italy after the industrialisation stage that characterised the 1960s. 

During that period, the progressive affirmation of large industrial complexes was the result of economic policy guidelines, 

which identified the industrialisation of the country as the primary objective to ensure economic growth and social 

development. Such a strategy was characterised by the presence of a large base production plants, which had the role of a 

“development pole”. In some cases, the development pole was located near an urban site, equipped with infrastructure and 

services (in particular, a port, an airport and railways); in other cases, especially in Southern Italy, the large plants were 

established far from urban sites, with a limited presence of infrastructure (Lefebvre, 1999). Figure 3 summarises the main 

existing nodes (entities) and relations (flows) as emerged in the empirical context analysed (Taddeo et al, 2012).   

 

Figure 3. Entities and relations as emerged from the Chemical Pole 
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The 1970s crisis and the renewed global economic dynamics contributed to a review of the national production strategies. 

Alongside the large plants, new models of medium and small-sized industrial settlements were promoted, having their centre 

of gravity in residential settlements. These were called “planned industrial areas” and they involved local authorities (first the 

municipalities) or other local government agencies and private individuals, to provide primary infrastructure (roads, electricity, 

water, sewerage, etc.) and to manage the spatial location of companies. Ever since their appearance, the theme of the interaction 

between these settlements and the surrounding local (natural and residential) systems has been the source of criticalities, 

generating the loss of competitiveness of companies and depopulation of rural and residential settlements (Lefebvre, 1999). 

Figure 4 summarises the main existing nodes (entities) and relations (flows) as emerged in the empirical context analysed 

(Simboli et al, 2018 –In press). 

 

Figure 4. Entities and relations as emerged from the Urban Industrial Area 

- Supply networks (Automotive local supply network): These models are usually promoted by large firms believing that a 

potential competitive advantage is to be gained promoting the creation of a network of small firms (e.g., subcontractors or 

suppliers) (Dosi et al., 1991; Smith et al., 1991). The leading company generally deals with final processing, and the suppliers 

take intermediate processing of transformation or production of modules and components. These settlements operate in 

manufacturing, hardly involve primary processes or energy production; among the companies there is a productive 

complementarity that is an expression of the finished products created by the leading company. Also from the technological 

point of view, local suppliers often depend on innovations proposed by the final producer (Pavitt, 1984). Figure 5 summarises 

the main existing nodes (entities) and relations (flows) as emerged in the empirical context analysed (Simboli et al., 2014). 

 

Figure 5. Entities and relations as emerged from the Automotive Local Supply Network 
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- Districts (Agro-food district): Industrial District (ID) is considered one of the referential models of territorial agglomeration 

of companies (Becattini, 1989; Porter, 1990; Martin and Sunley, 2006). IDs identify local industrial systems -that involve 

companies (usually belonging to the same sector), community and institutions- on which, the geographical proximity promotes 

the establishment of strong ties as vehicles for exchanging knowledge, information, values and good business and social 

practices (Enright, 1995; Storper and Harrison, 1991). During the last century, ID has been proven to be the best model of the 

Italian industrial development both in terms of efficiency and flexibility (Belussi and Garibaldo, 1996; Becattini, 2004), this 

led to identify it as a model of "flexible specialization"; in some contexts, it is now facing problems related to the persistent 

and growing global competition and also to internal limits (De Ottati, 2009; Guerrieri and Pietrobelli, 2004; Lazerson and 

Lorenzoni, 1999). Figure 6 summarises the main existing nodes (entities) and relations (flows) as emerged in the empirical 

context analysed (Simboli et al., 2015). 

 

Figure 6. Entities and relations as emerged from the Agro-food District 

 

- Ecologically Equipped Industrial Areas (EEIAs): This is an industrial model introduced in Italy in 1998, by the Legislative 

Decree 112/98. The aim was defining an advanced approach for planning, designing and managing sustainable industrial 

settlements, inspired by the principles of IE (Daddi et al., 2015). The national law provides specific requirements through 

which the model can be implemented: i) EEIAs are provided with the infrastructures and the systems required to ensure 

protection of health, safety and environment (such as the presence of a water purifier consortium, a centralized area for storage 

of waste, and energy production systems servicing the area); ii) EEIAs are characterised by centralized forms of management 

- a Management Body- of the infrastructures and of the shared services within the area; iii) the companies located in the EEIAs 

are exempt from obtaining the authorizations required for use of the infrastructures and services on site and, lastly, they must 

obtain administrative and bureaucratic simplifications and incentives. Figure 7 summarises the main existing nodes (entities) 

and relations (flows) as emerged in the empirical context analysed (Taddeo, 2016). 
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Figure 7. Entities and relations as emerged from the EEIA 

- Innovation Clusters/Poles: The EU regional policy guidelines 2007-2013 defined innovation cluster as “groups of 

independent organizations operating in a particular sector and region and designed to stimulate innovative activity by 

promoting intensive interactions, sharing of facilities and exchange of knowledge and expertise and by contributing effectively 

to technology transfer, networking and information dissemination among the undertakings in the cluster” (EU, 2006). In some 

EU member states, as in Italy, the concept of innovation cluster has been translated into Innovation Poles (IPs). Such Poles 

are being designed and implemented in several major Italian regions, mostly through a top-down identification of specific 

technological and territorial targets (Caloffi and Mariani, 2011). From an operational point of view the members of an IP are 

usually: production and/or services companies; local authorities; research infrastructures (linked to universities or other R&D 

centers); business incubators; laboratories and testing centers (Umbria Innovazione, 2010).  Figure 8 summarises the main 

existing nodes (entities) and relations (flows) as emerged in the empirical context analysed (Taddeo et al., 2017a). 

 

Figure 8. Entities and relations as emerged from the Wood-Furniture Innovation Pole 

 

3.3 Discussion of results 

It should be noted that in the studies that inspired the present analysis the symbiotic solutions emerged as more suited to the 

various contexts were strongly influenced by technical aspects of the contexts (characteristics of processes, products and 

therefore flows, but also normative and economic aspects etc.), however, focusing attention on the characteristics of entities 

and existing relationships involved, further insights emerge. 
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The following table summarizes the characteristics that have been detected in the networks that have been analysed. In 

particular, aspects concerning the nodes of the network (companies), the ties (relationships) and any external connection with 

local and stakeholders and urban settlements have been highlighted (Table 1).  

 

Table 1: Main features of the networks analysed 

 

NODES (COMPANIES) FEATURES 

Number and size of companies - The number of companies involved has not emerged as a critical aspect in view of the 

development of SI, if not related to the geographical location of the entities and the homogeneity of the sectors involved. The 

contexts analysed showed a strong variability in this sense, from very small settlements (5 companies for the Chemical Pole) 

to networks involving over 300 entities (for the Innovation Pole). Increasing the number, the complexity of data collection 

may increase, but also the possibility of matching between companies. The size of the companies has instead emerged as a 

relevant aspect, especially for the willingness to accept innovations for the provision of data and information. In the contexts 

analysed there was a widespread diffusion of SMEs (micro-enterprises in the case of the agri-food district), large companies 

were present, in line with the literature, in the chemical sector and in the automotive subcontracting network (lead company). 

It should be noted the positive influence that large companies can have on the behavior of SMEs in the same context (Chemical 

Pole, Automotive Local Supply Network).  

Networks spatial extension - Results show that local networks can have a variable spatial scale. At a minimum size level they 

may overlap existing industrial clusters or districts (Chemical Pole; Urban Industrial Area), or may involve companies 

belonging to the same region (Automotive Local Industrial Network; Agro-Food District) or even beyond regional boundaries 

and then operate transversely to existing industrial sites (Innovation Pole). The theme of the spatial scale is strongly debated 

in the scientific literature on IS (e.g. Laybourn and Morrissey, 2009; Roberts, 2004). In general, in IS based on exchanges of 

low value-added flows (e.g., wastes), long-distance transfers can generate extra costs, as well as additional environmental 

impacts. Therefore, proximity, in general, plays in favour of a great efficiency of IS exchanges and collaboration; nevertheless, 

 
 

CHEMICAL POLE 
LOCAL SUPPLY 

NETWORK 

AGRI-FOOD 

DISTRICT 
EEIA 

INNOVATION 

POLE 

URBAN 

INDUSTRIAL 

AREA 

N° OF NODES –

COMPANIES- 

INVOLVED 

5  18 > 300 < 20 > 100 > 50 

AVERAGE SIZES 

OF NODES –

COMPANIES - 

Medium and large 

companies 

Large and small 

companies 

Micro-family, Small 

and Medium 

companies 

Small, medium and 

large companies 

Small, medium and 

large companies 

Small, medium and 

large companies 

NETWORK 

EXTENSION 

(SCALE)  

< 5 km – (MICRO) 15/20 km – (MESO) 15/20 km – (MESO) 1 km – (MICRO) 
> 50 km 

(REGIONAL) 
< 5 km – (MICRO) 

SECTORS 

INVOLVED 

Basic chemicals; 

Energy production; 

Services 

(HOMOGENEITY) 

Automotive 

components secondary 

processing; Services 

(HETEROGENEOUS 

/COMPLEMENTARY) 

Cultivation; food 

transformation; food 

packaging; Energy 

production 

(HOMOGENEOUS) 

Multiple industrial 

sector; Services; 

Energy production 

(HETEROGENEOUS) 

Production and 

service companies 

related to the aim of 

the IP 

(HOMOGENEOUS) 

Multiple industrial 

sectors and services 

(HETEROGENEOUS) 

EXISTING 

BUSINESS 

RELATIONS 

(PREVAILING) 

Supply and utilities 

sharing 
Supply relations 

Competition and 

supply 

No specific business 

relations expected 

No specific business 

relations expected 

No specific business 

relations expected 

EXISTING SOCIAL 

RELATIONS 

(PREVAILING) 

Collaboration 

(weak) 

Coordination and 

collaboration (strong) 
- Coordination (strong)  

Coordination and 

collaboration 

(strong) 

Coordination and 

collaboration (weak) 

URBANIZED 

AREAS INVOLVED 

1 municipality (near 

the network) 

No specific urban areas 

related to the network 

>10 municipalities 

in the area (not 

related to the 

network) 

No specific urban 

areas related to the 

network 

No specific urban 

areas related to the 

network 

1 (integrated to the 

network) 

COORDINATING 

BODY  INVOLVED 

Local Observatory 

for the Chemical 

Industry 

CISI consortium 

(especially represented 

by the President of 

CISI) 

Provincial 

Association 

of Agricultural 

Producers 

APEA Management 

body 

Coordinating body 

(designed by public 

authority) 

Provincial body for 

industrial development 

OTHER LOCAL 

STAKEHOLDERS 

INVOLVED 

Province of Pescara; 

Chamber of 

commerce 

Chamber of commerce; 

Industrial Association; 

Foundation for 

disadvantaged workers 

Chamber of 

commerce; 

Industrial 

Association 

Province/Municipality Region Municipality 
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some results suggest that, dealing with recovery and recycling issues, is not possible to assign any particular spatial scale a 

priori, because economic transaction reasons often prevail (Lyons, 2007; Hewes and Lyons, 2008).  

Sectors Involved - The same is for the range of sectors covered by the six networks. Some of them are -by definition- constituted 

by companies and entities belonging to the same supply chain or industry (Chemical Pole, District; Local Supply Network), 

this implies a certain level of homogeneity in terms of processes, materials and products manufactured; other (Urban Industrial 

Area; EEIA) presents a wide range of sectors involved. Also the level of homogeneity/heterogeneity of processes may strongly 

affect the level and types of synergies that could emerge from the context (Reniers et al., 2010; Cavallo and Stacchini, 2007; 

Korhonen, 2001). 

 

TIEs (RELATIONS) FEATURES 

Relationships are another variable data in the analysed contexts. In some cases the relations among the companies of the 

networks were very frequent and structured, especially in the form of business relations (District; Local Supply Network) in 

others sporadic and random (Urban Industrial Area); we can also underline the complementarity of some of them (Local 

Supply Network) and the repetitiveness of others (Agro-food District). It should be noted that some models of networks 

analyzed do not necessarily entail business relationships between the participants (Innovation Pole, EEIA). In all the contexts, 

the analysis conducted revealed forms of collaborations in joint purchasing or new market penetration, or R&D activities, but 

never in the joint management of waste (excluding the EEIA). Only in one case of (Agro-food District) competitive relations 

emerged. The presence of stable informal social relations is a prerequisite of only two context (Chemical Pole and Automotive 

Local Supply Network). The existence of a stable relational basis represents an element of interest in the IS perspective, at 

least for the instrumental role that they could play in enabling trust and collaboration among their members, thus making them 

aware of being part of a network that is oriented to change. This would represent a fundamental prerequisite for sharing 

innovative solutions and strategies, such as the IS. 

Local actors and institutions. A number of studies indicate that one of the key factors to greater success in planning an IS lies 

in the involvement and active participation of a number of local stakeholders, such as political bodies, associations and 

communities of individuals (Ayres, 1996; Baas, 1998). Such entities have demonstrated capable to play a crucial role at 

different level: as public bodies (e.g. municipalities in the case of the Chemical Pole and the Urban Industrial Area; Region 

for the Innovation Pole), associations (e.g. chambers of commerce, associations of industrialists in the cases of the Agro-Food 

District, Chemical Pole and Automotive Local Supply Chain). Their engagement can play a positive role both in data 

collection, and in promoting initiatives that can support the development of the IS over time (Lowe, 1997). 

Management Bodies – The presence of formal relations involving management bodies emerged in three cases (Local Supply 

Network, EEIA, Innovation Pole). In general, their main potential can be attribute to the role of “facilitator” that it may have 

in respect of the performances that the companies involved in a network may otherwise pursue individually (sharing services, 

infrastructures, technologies, administrative simplifications, marketing policies). The main limits concern an excessive 

planning, bureaucracy and a top down approach that can be a disincentive for companies and could severely limit the initiative 

of enterprises, that instead, in the models inspired by IS must be proactive and participative.                                            

Urbanized areas – The presence of urban settlements near the industrial network has been detected on three case studies. For 

two of these (Chemical Pole and Agro-food District) the presence of social relationships was noted, above all for labour supply, 

moreover, the communities’ involvement has been recognised as a critical element in the development of IS (Gibbs et al., 

2010; Roberts, 2004) their support must be carefully considered, already in the first stages of the IS design, and must be also 

managed in the long-term, because it is essential in building a culture for the sustainable local growth. Urban centres are also 

potential partners in the development of IS solutions; in a specific case (Urban Industrial Area), the interpenetration of 

industrial and urban areas is total. In such cases hybrid solutions of IS and Urban metabolism can be usefully experimented 

(Simboli et al., 2018 - In press).  
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Conclusions 

 

The study presented, analyzing six case studies, highlighted how some networking variables, including: the size, the number 

and the geographical location of the nodes, the business and social relations (formal and informal) the role of external entities, 

can play a significant role in the development of IS. From an overall analysis, it is clear that local networks can take various 

forms. The six cases examined, although belonging to the same territory, present very different features. This is partly 

attributable to the different origins, but also to how they have evolved over time. The homogeneity of the processes, an aspect 

that has historically characterized the Italian districts, is no longer a distinctive feature of modern forms of agglomeration; in 

some cases, service activities are of great importance. At the same time, the relationship with the local community (urban 

settlements) is not always detectable, while the role played by external support bodies is significant. Some types of networks 

are characterized by intense business and social relationships (local supply network), while others are held together by the 

pursuit of a common goal, but internal relations are scarce. These results confirm and reiterate the need for contextualization 

of SI studies and that the development of such strategies is hardly attributable to a univocal model. The variety of cases taken 

into consideration is a strong point of the study, but at the same time a limit, because socio-economic contexts are subject to 

strong variability (both spatial and temporal) and for that reason the study can not be considered exhaustive and the results 

obtained can not be easily generalized. At the same time, the methodology used, aimed at a first qualitative-quantitative survey, 

could be enriched, e.g. by the use of Social Network Analysis tools. However, the exploratory approach used allowed 

researchers to obtain enough insights to guarantee a more in-depth prosecution of the study. 
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Abstract 
Circular economy (CE) proposes alternative models where the value of products and resources is kept as long as possible 
and wastes are considerably reduced or even eliminated at all stages of their life cycle. Due to the high concentration of 
economic activities and the intensive use of resources, cities are privileged places where CE models need to be achieved.  
The transition towards circular economy represents new challenges for business, new ways of consumers behavior and new 
solutions to transform waste into resource. The embedment of a CE approach at urban scale can allow the transformation of 
cities from resource consumers and waste producers towards closed-loop systems. In particular CE models overcome wastes 
and inefficiencies of linear economy and support the transition towards an innovative perspective of resources use/value 
optimization, reaching both environmental and economic sustainability. However, achieving the transition towards a circular 
economy requires the adoption of systemic approaches. The implementation of CE strategies and models is necessary to face 
several urban challenges; on the other hand the users experience of these innovative models is crucial. Thanks to the Urban 
Living Lab (ULL) approach, an open and creative innovation processes where phases are guided directly by users can be co-
created. This paper describes CE models co-design process engaging citizens and local urban stakeholders. Several CE 
models have been explored: regeneration practices related to civic agriculture, sharing economy initiatives as co-working, 
resource optimization models as local and km0 production, close-loop models as re-use centers and experiences of smart 
waste management systems. This experience has been realized in the framework of Italian national strategic projects for the 
implementation of Smart City Models, funded by the Fund for Research into Electrical Systems (RSE). The adoption of 
systemic and collaborative approach of ULL for CE models co-creation has allowed the identification of circular solutions 
acting as catalyst for urban district transformation. The combination of the cooperative approach and resource efficiency 
strategies has resulted in several mutual competitive advantages towards actions integration and connection at various levels. 
 
Keywords: urban living labs, smart city, smart community, circular economy models, sharing economy  

1. Introduction  

According to European Commission (2015), Circular economy (CE) entails the establishment of alternative models, where 

the value of products and resources is kept as long as possible and waste are considerably reduced or even eliminated at all 

life cycle stages.  The transition towards a circular economy represents a challenge for business, new behavioural ways for 

consumers and also new solutions to transform waste into resources (MacArthur, 2012). Due to the high concentration of 

economic activities and the intensive use of resources, cities are actually privileged places in which the transition towards 

circular economy can be achieved (MacArthur, 2017). Actually, over the 50% of the world population lives in cities (World 

Bank, 2017). According to the Habitat III New Urban Agenda  (2017), cities cover approximately only 2% of the total land, 

but they are responsible of the 70% of economy (GDP), over the 60% of global energy consumption, the 70% of greenhouse 

gas emissions and the 70% of global waste. Cities role as powerful driver of circular innovation has been highlighted in the 

Circular Economy Draft Action Plan, recently published in the framework of Urban Agenda for the EU (2018), In particular, 

cities can act as enablers of potential measures and influence both the consumers and the businesses towards circular 

economy. European cities are also well positioned to address complex problems through practical experimentation and 

innovation (Wolfram, 2017). To achieve that, the involvement of city managers and active stakeholders participation is 

crucial, requiring multi-level governance and new visions for the city future (Bai et al., 2016). Actually, the embedment of 

CE strategies into urban planning and real-life operations can provide innovative city policy frameworks and design. 

Nevertheless, the CE linkage to geographical scales is often still under-tapped and cities struggle in their transition to 

implement a full CE model incorporating regenerative practices (Franklin and Marsden, 2015). In particular, closed-loop 
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models are complex problems for many city-makers and many barriers (physical, cultural, ecological, legal, financial etc.) 

still occur  (Malekpour et al., 2015). To stimulate the implementation of CE models and strategies, it is highly necessary to 

change existing urban planning instruments. As Patti and Polyak (2017) affirms “for centuries, urban planning and 

development, had been an exclusively top-down process: the hegemony of modern state planning in organising 

environments according to pre-established principles, and the non-recognition of non-governmental contribution to shaping 

space has often provoked conflicts between public, private and civic actors”. The integration of co-design processes and 

innovative governance models can support the development of new flexible systemic urban planning instruments (Webb et 

al., 2017)..According to Kirchherr (2017), new collaborations among citizens, researchers, governance and every urban 

stakeholder are key elements to fully implement urban circular actions based on a holistic and systemic approach, like 

circular economy really is. In fact, making cities sustainable means rethinking every element of urban living. The 

involvement of citizens and researchers supports also a smart city transformation (Innella, 2017), overcoming the gap and 

the barriers in the CE road (De Jesus, 2018). Therefore the transition to a circular economy can only be achieved when all 

stakeholders – individuals, the private sector, government and civil society – collaborate, adopting a multisector and 

multistakeholder approach (World Economic Forum, 2018 2018). 

This paper focuses on the role of city in the transformation of current linear models towards circular ones. In particular, the 

research question is related to identify which CE models are key-drivers for circular economy transition and 

multistakeholder engagement. 	

This research is yet in progress and funded by the Italian Fund for Research into Electrical Systems (RSE) in the framework 

of a project for the development of a Smart District Model in an Italian demonstrator quarter: Centocelle in the city of Rome. 

2. Materials and methods 

Transforming the current "linear" system into a circular economy model requires both a radical and systemic innovation 

(EIO, 2016). Therefore the transition towards circular economy is a process requiring systemic intervention that integrates 

technology, governance and strategies at various levels (EU, 2014). According to the Theories of Sustainability Transitions 

(TST), systemic innovation should be not only technology-driven, but need the involvement of social and structural aspects 

(Markard, 2012). The ambition is to achieve ‘socio-technical innovation’, a radical change at level of multi societal and 

multi-actor (Geels, 2010). In the following, a systemic approach supporting CE urban transition has been explored with the 

aim to create a systemic innovation process that can truly promote circular economy principles at urban scale.  To achieve 

that, CE strategies and models embedding circular principles into urban planning and operations have been firstly 

investigated. Secondly, an Urban Living Labs (ULL) approach has been implemented. Thanks to an open innovation process 

for user engagement CE models have been co-designed. This process has been contributing to identify a systemic and 

collaborative urban transformation towards circular city in a demonstrator quarter of the city of Rome. The following 

paragraphs describe the methods and the approach adopted for CE models identification and co-design.  

2.1 Circular Economy Models at urban scale  

According to European Commission (2012), the growth in global consumption of non-renewable resources, the progressive 

scarcity of raw materials, including the progressive depletion of water supply sources, the land use due to waste storage are 

several key elements that characterizes a linear economy approach. In particular, as described in Figure 1, several 

inefficiencies are affecting different sectors (Sposato et al., 2017): 

- mobility: cars are parked in the most of their lifetime (88% in Italy),  

- housing: in EU-27, 25 billion square meter of building area are empty or underused,  

- office: the 35-40% of European office are underused; 

 - consumption models: during the lifetime the 50% of goods are underused (i.e. the 93% of the lifetime a drill is underused). 
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Figure 1.	Inefficiency of different sectors: mobility, housing, goods and services consumption models (Sposato et al., 2017) 

With the aim to overcome the inefficiencies of linear models, the integration of different approach towards system 

innovation is required (EIO, 2016). In particular, strategies for the reduction of waste generation and related environmental 

contamination are necessary. According to Mac Arthur (2015), CE models allow to overcome wastes and inefficiencies of 

linear economy and to limit the emissions caused by wastewater and waste management. In particular, the ReSOLVE 

framework has defined six strategies supporting the transition towards CE models in a perspective of resources use/value 

optimization, reaching both environmental and economic sustainability. The ReSOLVE strategies are related to:  

• Regenerate, i.e. nature-based solutions and ecosystem services to maintain and enhance the earth biocapacity. 

• Share, i.e. to get the full use out of goods and eliminates waste and duplication.  

• Optimize, i.e. to remove waste, energy and materials inefficiencies in the manufacture of goods, and in the use of 

them as well. Also the use of technology helps to maximize resource use. 

• Loop, i.e. resources processing and loop around with the aim to put back into the economy, rather than lost to it 

through landfill. 

• Virtualize, i.e. dematerialization of goods and products. 

• Exchange, i.e. swapping in new technologies, upgrading or replacing older ways of doing things.  

The adoption of the ReSOLVE strategies at urban scale results in CE models aimed at supporting and steering innovation 

towards circular city. On the other hand, a change in social attitudes towards more resource efficiency behaviour is needed.  

For this reason, the CE models identification has been carried out adopting an Urban Living Lab (ULL) approach. 	

2.2 Urban Living Lab approach for the CE  co-creation 

New collaborations are emerging in cities in the form of Urban Living Labs (McCormick and Hartmann, 2017). According 

to Fuad-Luke (2009), the participation of the user to the creative phases of innovation is called co-creation and offers a 

multiple stakeholders process including users. A renowned  approach to co-creation is provided by living laboratory or 

living-lab. According to Bergvall-Kåreborn (2009), Living Lab is “a user-centric innovation milieu built on every-day 

practice and research, with an approach that facilitates user influence in open and distributed innovation processes engaging 

all relevant partners in real-life contexts, aiming to create sustainable values”. Moreover, a Living Lab is an environment 

where innovative instruments are conceived, designed, developed and evaluated together with users’ active participation 

(ENoLL, 2015). The fundamental concept is to gain direct and unfiltered access to users’ ideas, experiences, and knowledge, 

based on their daily needs and desire so as to design solutions, environments, interactions and services that truly respond to 

their aspirations and requirements. Especially in cities, an experimental way to plan, design and innovate urban planning are 
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Urban Living Lab (ULL). According to McCormick and Hartmann (2017), ULL are sites developed to design, test, and learn 

from social and technical innovation in real time. Therefore, ULL can be considered both an arena for innovation and a 

collaborative approach for involving researchers, citizens, companies and local governments in an urban experimentation. 

This study adopts the ULL approach with the aim to identify CE models at urban scale. This experimentatal path has been 

carried out in the framework of an Italian national strategic projects, aimed at the implementation of Smart District Model in 

a demonstrator quarter of Rome, called Centocelle.  According to De Nictolis et al. (2017), in a Smart District Model, public 

institutions, citizens, business and research are allied to improve the quality of urban life through integrated, sustainable and 

technologically advanced solutions. This has a positive effects on environment, economy and society. Therefore, ULL can 

provide a valid support for the co-design of a Smart District Model. In the Centocelle project, the ULL approach has been 

applied to identify, valorize and connect CE models. Thanks to a series of meetings and events (Figure 2), citizens have been 

playing an active and crucial role and, as a result,the CE models co-creation have been carried . 

 

 

Figure 2. Urban Living-lab meetings in Centocelle (Rome) 

3 Results and discussion 

This study has explored the identification of CE models associated to ReSOLVE strategies adopting an Urban Living Lab 

approach. One of the ULL goals has been to co-design throughout an innovation process and a collaborative approach. 

According to ULL approach (McCormick, K. and Hartmann, 2017), the innovation process has been open and creative and 

ULL phases has been guided directly by the users. During Centocelle project, participants have identified, shared and co-

designed different urban initiatives adopting circular economy strategies with the involvement of citizens. In the following, 

the identified CE models and the advantages of regeneration, sharing, optimization and loop strategies adoption, have been 

described. 

3.1 Civic agriculture 

Civic agriculture is an example of CE model applying regeneration strategies. It is a locally-based practice for space 

regeneration or food production. Unlike traditional agriculture, these practices are realized in urban areas and carried on by a 
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group of citizens, representing a sustainable to large-scale agriculture. Civic agriculture is often based on sustainable social, 

economic and environmental practices, developing a community social responsibility sense. Many forms of civic agriculture 

are also called “shared gardens” and/or  “community gardens”. A community garden is first of all a public space with social, 

cultural and environmental purposes enhancing urban commons, such as urban green spaces. Unlike traditional public 

gardens, in community and shared gardens citizens have a leading role, aiming to regenerate their neighbourhood  with a 

common project. In addition to urban gardens, civic agriculture can also concern agriculture practices  useful to support the 

viability and continuity of local farms committed to sustainable agriculture. Some of these models are known as Community 

Supported Agriculture (CSA). Generally, a CSA is based on a partnership between local consumers and local organic 

farmers. At the beginning of each season, consumers are committed to buy an amount of farmers products (fruit, vegetables, 

meat, cheese, eggs, honey, nuts,…) with an agreed price. Alternatively, farmers agree to supply good quality products, 

locally produced at a fair price.  

The advantages of civic agriculture models are related to urban spaces regeneration, soil consumption reducuction and local 

products enhancement. As a consequence, also the environmental impacts due to food transport and consumption are lower. 

Furthermore, also social advantages are related to these models because the citizens commitment in urban regeneration allow 

to improve and beautify urban neighborhood. 

The following civic agriculture experiences have been achieved in Centocelle (Rome): 

• Regeneration of “Giorgio De Chirico” Park;  

• “Villa Flaviana” community garden; 

• Tor Sapienza community garden; 

• Centocelle Park regeneration; 

•  Piazza Martiri” regeneration; 

• “S. Felice” community garden; 

• Urban map of community gardens in Rome (ZappataRomana). 

3.2 Coworking 

Coworking spaces are CE models based on sharing strategies. This new working organisation model is based on 

collaboration and cooperation among professionals. Each coworking is configured as a small community. Some of them are 

thematic ones in which there are of similar sectors (i.e. architects, designers and graphic designers). Other coworking spaces 

are more heterogeneous, hosting professionals from different sectors. Within a common working space, users have the 

possibility to share work stations and/or other services such as conference rooms, kitchen, relax areas, etc. In the last years, 

because of the economic crisis and the evolution of new technologies, coworking spaces have been highly increased. Most of 

freelance workers prefer coworking than traditional office, but also companies find coworking services more useful than 

opening new offices in other cities (Porretto, 2018).  

There are mainly economic advantages related to coworking in terms of reduction of traditional office fixed costs (e.g. 

equipment, utilities, renting,...). Furthermore, coworking offers the opportunity to meet other professionals and to collaborate 

in multidisciplinary way. Finally, according to European Parliament (2016), sharing equipment and services allows to reduce 

energy-environmental impacts and to extend the life of goods often exposed to programmed obsolescence (e.g.  computers, 

printers, etc.). The energy consumption advantages are mainly due to the equipment and space sharing use. Moreover, an 

optimizitation of heating of the rooms has reached important adventages too. Furthermore, some coworking are starting from 

the recovery of the existing building heritage. Therefore, these spaces offers the possibility to redevelop architectural and 

social space (Cheshire, 2016). Another important urban benefit related to the coworking is the reduction of work mobility 

demand. Generally, coworkings stimulate carpooling initiatives among colleagues or neighbouring companies employees. 

As a consequence an energy consumption reduction and less pollution and GHG emissions are achieved.  
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Two coworking spaces are located in Centocelle quarter: 

• “Fusolab2.0” 

• “L’Alveare”. 

3.3 Local purchasing groups and local markets 

These CE models promote innovative consumption behaviour where goods are sold in the same production area, thus 

ensuring resources optimization. Actually, the most part of fruit and vegetables consumed in city covers thousands of 

kilometres before reaching the market. In Italy, almost the 98% of agricultural products are transported for more than 50 km 

from the production place. Only the 20% of total energy is originated by agricultural production, the most part of energy 

consumption coming from processing, packaging, refrigeratiing, transporting and distributing phases. In order to reduce 

impacts deriving from all of these phases, the local (also called zero-kilometre, km0, zero miles) productions are spreading 

out. In Italy the “zero kilometre” culture is quite recent, and it has been spreading out in the last decade. Citizens play an 

important role in the growing up this kind of consumption model, because of the so called G.A.S. (Italian for ethical 

purchasing groups): an Italian-based system of purchasing goods collectively. These groups are usually set up by a number 

of consumers who cooperate in order to buy food and other commonly used goods directly from producers or from big 

retailers at a price that is fair to both parties. Actually, the great demand for local foods has determined the proliferation of 

the so-called farmer markets, in which farmers and breeders avoid the large-scale retailers and offer their products directly to 

the consumer. Farmer markets are generally located in public spaces, creating connections among civic agriculture initiatives 

and other local actors.  Also "zero-kilometre” restaurants are quickly growing up, and the catering offers dishes with locally 

ingredients, cooked according to local traditions.  

The enhancement of local supply chains brings several advatages, such as the creation of new urban spaces promoting the 

market of zero-kilometre food products. As a consequences, a new culture of local economy is growing up. In fact, these 

models have been becoming new social lifestyle and exchange centres, helping communities emancipation and creating new 

services and social infrastructures in which commerce supports social cohesion and does not disrupt it. A better integration 

of marketplaces in food distribution chains can also strengthen links between urban and rural areas, creating new social 

interactions. 

In Centocelle quarter, several initiative of G.A.S can be found, (http://www.gasroma.org). Other initiatives related to local 

food are: 

• Roma Capannelle farmer markets (http://www.mercatocontadino.org/public/quando-e-dove-mercato-contadino-

castelli-romani/mercato-contadino-roma-capannelle/),  

• "Zero-kilometre” restaurant and shop such as DOL (http://dioriginelaziale.it/)  

3.4 Water House 

A "zero-kilometre" service delivering water from local water supply. The Water House is a modern water fountain, 

electrically powered, providing good and safe water 24 hours a day. Water House is natural or sparkling cool water 

dispenser available both for citizens and tourists. Different advantages are related to Water House. First of all, this model 

allows to reduce the use of mineral water plastic bottles As a consequence, pollution and transport related to the plastic 

bottles production are decreased. In particular, CO2 emissions are cut of 0.12 grams for every unused 1.5 liter PET bottle. 

Moreover, avoiding the plastic bottles use results in both home wastes reduction and also economic advantages, estimating 

about in 600.00/year euro for an average family. Therefore, the introduction of this modern water supply allows 

communities to save both economic and environmental resources. Another advantage related to Water House is the creation 

of a new urban space where socialization can increase. 
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In Rome, the first Water House ha been inaugurated in September 2014. Currently, 46 Water Houses have been installed in 

Rome: 18 located in the city districts and 28 across the province of Rome. In particular, 5 of the Water Houses installed in 

the city’s historical centre were redesigned with a “kiosk-like” look and painted green, making them more similar to the 

news agent stands seen across the area and better integrated in the context in which they were placed. The water distributed 

by these “hi-tech big-nose shaped fountains” is the same as that delivered by the aqueducts and the quality is certified by 

strict regular checks conducted by ACEA and the relevant local health authorities. Water Houses have a 180 l/h flow rate, 

allowing a 1-litre bottle to be filled in 20 seconds. Theyare fitted with monitoring equipment in synch with ACEA remote 

control systems, and even showcase power supply sockets enabling cellular phones and tablets (or any USB device) to be 

charged. 

3.5 Closed-loop models 

CE models applying loops strategy are related to smart waste management systems, where wastes are not to be disposed, but 

they are re-introduced in a new economic cycle. Smart waste management models are technological systems stimulating 

citizens participation, because citizens are the key drivers  of any waste reduction action. For example, citizens can confer 

their "goods", i.e. recyclable materials (PET, caps, aluminum, glass, HDPE)  into eco-compactor systems obtaining "values", 

such as coupons / discount to be used in commercial shops.   

Other closed-loop models are second-hand markets and repair centres. In particular, the preparation for re-use of discarded 

objects allows to reduce landfill and incinerator waste disposals. Second-hand markets have been creating a network of 

individuals, businesses, recovery facilities and know-how able to develop a real circular economy district based on second-

hand sector. In Italy, the second-hand sector has reached 50,000 operators and 80,000 employed people. Thanks to the re-use 

centres, employment targets are growing up and wastes are significantly reduced.  

The advantages of the loop strategy are related to the recovering of waste fractions and activation of a production process at 

local scale. All these systems are providing a great incentive for citizens involvement, facilitating to close the loop and to 

optimize resources. According to data collected by the Italian National Network Operators of the Used (Rete ONU, 2018), it 

has been estimated that the second-hand sector subtracts about 300,000 tons a year waste, corresponding to about 4-5 

kilograms per inhabitant per year. 

In Rome, some initiatives related to closed-loop strategies are: 

• Second-hand Market called “Mercatino Capannelle” founded in September 2011. It has 5 pavilions and over 

4000sqm of outdoor spaces. Antiques, collectibles, modern art, models, objects, crafts, typical products and much 

more are exhibited at each event. 

• Every month AMA, the waste management agency of Rome, arranges a special Sunday openings of recycling 

centres. This is a special free collections of  bulky waste at Recycling Centres. Recycling Centres open and 

special recycling points are set up in all the City Districts on alternate Sundays. 

In the previous paragraphs, several CE models have been identified at urban scale. Thanks to the involvement of users, CE 

models have been steering citizens in the transition from a linear economy to a circular economy. The above-mentioned CE 

models have generated circular chains and services that can truly help to promote circular economy approach at urban scale. 

In particular, the application of CE strategies such as regeneration, sharing, optimization and loop allows to improve the 

environmental performances. Moreover, the ULL approach has created an urban space for experimenting circular economy 

principles and improving citizens gathering and interaction. Future activities could refer to the identification of appropriate 

indicators to measure the CE benefits. 
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Generally, CE models codesign is an important tool to supports the creation of a Smart District Models in Centocelle 

(Rome).  

4 Conclusions 

Both for the high population density and environmental issues, cities are places where great critical hotspots and significant 

opportunities coexist. For this reason, cities are becoming the priority places for a transition towards circular economy. 

Cities need to prioritize a systematic transition from the linear paradigm of production and consumption to a circular model, 

keeping materials in use for as long as possible and maximizing their economic value. However, the transition cannot be 

achieved by any single actor. It will require collaborative efforts across the value chain, involving individuals, the private 

sector, different levels of government and civil society. Each city stakeholder has a role to play in creating an enabling 

environment to mainstream the circular economy: governments provide legislative incentives; companies implement new 

business models; civil society conducts advocacy and research; and individuals change consumption behaviour. 

Transforming cities into circular aggregates requires not only top-down traditional urban planning approach, but also a 

collaborative approach based on user experience and co-creation. In this paper, a multistakeholders approach has been 

described. In particular CE models have been identified overcoming the linear economy “produce-use-throw” approach and 

bringing an integration of research and circular innovation processes in communities real life. This paper has described the 

Centocelle project where co-design interventions have been carried out with the aim to reach efficient resource management 

at urban scale. Thanks to the Urban Living Labs (ULL) approach, this paper has explored CE models where citizens are 

placed at the centre of innovation. Examples of identified CE models are regeneration models based on civic agriculture as 

shared and community gardens or Community Supported Agriculture (CSA). Furthermore, CE models based on the sharing 

practices of coworking. Other CE models are related to resource optimization throughout the promotion of new consumption 

model based on zero-kilometre and local production. Finally, CE models as smart waste management systems and second-

hand market and re-use/repair centres are identified. The CE models enhance the opportunities offered by circular solutions 

to the specific needs and aspirations of local contexts and cultures, activating citizens creativity potentials. In particular, the 

ULL approach has allowed activating the urban community, acting as a catalyst for the engagement of different urban 

players and the introduction of new urban lifestyle towards circular economy. Moreover, in a Living-Lab setting institutions 

are brought out of traditional contexts and populates an ecosystem that grows and evolves day after day, offering future-

looking experiences (EnOLL, 2015).  Finally, CE models have generated environmental gains and new interactions that have 

positively and actively influenced people life. A triggering processes of urban and social micro-regeneration towards a smart 

city model would be targeting. 
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Abstract 

Humans as part of the environment always try to improve their standard of living. When the impact of development has 

affected life, humans choose to adapt existing circumstances. In Indonesia, many communities in urban areas want to live in 

improper regions, due to poverty and social inequalities, even settling in dangerous areas such as river borders, hazard-prone 

areas and industrial zones with high levels of pollution. In line with the 11th principle of Sustainable Development Goals 

(SDGs), Indonesia seeks to make cities and human settlements inclusive, safe, resilient and sustainable based on Strategic 

Environmental Assessment (SEA) approach. Spatial Planning Regulation as the legal instrument intended to integrate all 

activities related environment in Indonesia is the primary instrument to support. The spatial plan primarily provides legal 

certainty for all businesses. The importance of such documents requires the excellent quality of the spatial planning process 

including the rules.  This research is aimed to examine the relevance of SEA in the process of spatial planning. To realize the 

SDGs, spatial plan in Indonesia becomes the most important legal document. To make it happen, the quality improvement in 

the planning process is significant. Moreover, the guarantee and certainty of the SEA are indeed used as the basis for 

determining the function and appropriation of an area, especially in urban areas.  This study uses the approach of legislation, 

conceptual and comparative. The method of analysis of legal principles is based on the behavior of the community, where 

research on policies is a philosophical study and contains the ideal element of law and support by research on legal systematics 

concerning constitutional symptoms and associated with the legislation. Based on the results of the research, SEA has not been 

entirely used as the basis for planning the spatial plan of the urban area, due to government policies that have not been oriented 

towards environmental interests to realize the integration between the people and the cities. The law should be directed to 

accomplish harmonious, productive and sustainable cities with the people. Towns and human settlements inclusive, safe, 

resilient and sustainable will be realized when every decision maker makes the environmental protection objective approach 

paradigm. Spatial plans drawn up by concrete and direct ecological approach will realize the goal of the SDGs as well as the 

country's goal of creating a just, prosperous and equitable society to ensure the needs of present and future generations. 
 
Keywords: Spatial, Planning, Sustainable, Regulation, SEA  

 

 

1. Introduction  

 

Humans have the instinct to continue and improve their quality of life. Regularity and harmony between human and 

environment become a necessity that wants to be realized to create a just and prosperous society. In the development of 

civilization and human thinking, science and technology continue to grow to fulfil human needs. In line with these 

developments, the law must always adapt and limit for anticipation every situation to protecting the public interest. Human 

activities are influenced by the environment, in the sense of interaction between humans and their natural habitat. The 

environment as a place of human life and other living creatures is contained in a spatial system supported by its function in 

promoting growth. Spatial system with a functional approach consists of areas that support each other between its elements 

form a system. Indonesia as an archipelago divides the space into land, sea, air and space within the earth, where there are 

significant centers of activity that develop in line with the political, economic, social and cultural developments of the people. 

 

In the development as an agrarian country, Indonesian people tend to live in rural areas with the primary function of agricultural 

activities. Economically and considerable availability of natural resources sufficient to meet the needs of the community, 

country areas first developed in Indonesia compared to urban areas. In the pre-independence period before 1945, only a few 

cities in Indonesia were developed with urban planning following the structures and patterns that many adopted the urban 

designs of countries in Europe, notably the Netherlands. In the period 1800-1942, Indonesia, then known as the Netherland 

Indies, had several foundations in urban or city planning such as Staadsblad 1882. 104 governing the spatial arrangement or 

zoning regulation. Urban areas under this regulation established in Indonesia known as municipalities such as Batavia 

(Jakarta), Surabaya, Semarang (1905) were formed; Bandung (1906), Medan (1909). Similar urban planning with the approach 

of the center activity adjacent to the spatial structure in the form of roads and other infrastructure networks. 
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In the early independence period post-1945 - 1949, in Indonesia Staadsvorming Ordonnance (SvO), 1948 No. 168 on 

Establishment of Cities became the legal basis for the establishment of urban areas in Indonesia. After 1949 where Indonesia 

has had stability in the security sector since then, the era of development in Indonesia began to be a national policy in the 

context of recovery efforts including the development of infrastructure with the substantial utilization of resources to promote 

the national economy. 

 

Indonesia's national development since 1949 turned out to have changed the paradigm and culture of Indonesian people who 

have been doing many activities in rural areas massively move to urban areas. This has resulted in an ever-increasing rate of 

urbanisation that has resulted in a decrease in environmental capacity and can no longer support the lives of humans and other 

living creatures in urban areas. Developing urban areas in Indonesia has caused environmental problems, there are at least four 

issues related to development, especially in urban areas, among others, First, population, Second, poverty, Third, pollution 

and Fourth, policy. (Danusaputro 1985) In this perspectives view interpreted that in urban areas with rapid population growth 

and land use limit poverty for most people who live in urban areas. Indirectly, the circumstances cause pollution to the 

environment due to space limitations. The situation is also influenced by the policy of the short-term-oriented government that 

does not prioritise the environmental aspect resulted in urban areas becoming uninhabitable areas to live. 

 

One of the government's efforts to overcome the dispute of allocation of space in Indonesia is by stipulating the first spatial 

law legislation in Indonesia in 1992. With the enactment of the regulation, Indonesia entered the spatial planning era with the 

beginning of the spatial plan as a plan document for spatial use activities. Various obstacles encountered in the implementation 

considering the project made on the condition of space that is not regular and that uncontrolled. Development so far that is not 

oriented to the function and area designation occurs in many urban areas in Indonesia, even many regions that are made not 

following its designation as the number of the disaster-prone areas used as settlements. As the population continues to increase 

in urban areas and limited space and environmental capacity, the Government requires the provision of 30% green open space 

in urban areas. The policy e to solely the interests of humans and other living beings to maintain the city climate due to 

pollution due to emissions as well as show the function of green space as local climate control. 

 

Concerning spatial planning constraints in Indonesia, it is indirectly influenced by the status of land rights. Indonesia embraces 

the concept of property rights, in which the paradigm is owned that a person who holds land rights can carry out any utilization 

activities on his land of rights without the permission of the government even though in the concept of land regulation in 

Indonesia, the land has a social function. What this concept resulted in many activities is technically incompatible with the 

designation of the space, causing discomfort and disharmony. The issue of rights causes many communities to utilize land that 

is not functional and even tends to endanger and threaten environmental functions such as utilization of river borders and road 

borders, especially in urban areas in Indonesia. 

 

In the era of the first spatial law since 1992 in Indonesia has not significantly affected the improvement of spatial function, 

even uncontrolled spatial use and the role of law through licensing, as a control instrument has not shown its role in preventing 

the occurrence of environmental degradation in Indonesia. The political change of law and the paradigm of society towards 

the plan began to be known by the new standard, in which violating the plan is unlawful, in the sense of breaking the idea can 

be directly imposed sanctions by using law enforcement instruments. With the ineffectiveness of the spatial plan efficiently, 

in 2007, Indonesia changed the spatial law to strengthen the compliance and law enforcement instruments and affirmed the 

position of the spatial plan as the basis for all spatial activities in Indonesia. In the matter of content changes, several important 

things are related to the division of spatial planning affairs between the central and regional governments, where directly the 

spatial planning era prioritises the participation of the newly developed society after 1998 in the reform era. In the level of 

theory and concept, space is part of unity in the understanding of the environment. In the Indonesian setting, space is positioned 
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as a venue for the interaction of environmental elements that constitute a system of Indonesian national law. This is 

demonstrated in the 2009 environmental law that explicitly links the environment with spatial plans and development plans. 

The instrument used in the environment is the existence of strategic environmental assessment (SEA) which is a series of 

systematic, comprehensive, and participatory analyses undertaken to ensure that the principle of sustainable development has 

become the basis and integrated with the national and regional development in Indonesia. 

 

In its application, SEA shall be integrated into the spatial plans regulation including their detailed plans, national and regional 

policies, plans including programs with the potential to impact and risk the environment (Asdak 2012). Some things of concern 

regarding SEA include: First, for the preparation and evaluation of policies, plans, and programs related to spatial planning, 

the obligations of SEA implementation are embedded in Government Regulation No. 15 of 2010 on the Implementation of 

Spatial Planning. In this regulation, it is stipulated that the preparation of spatial plans should consider the carrying capacity, 

capacity and environmental importance through the SEA. Second, Strategic Environmental Assessment aims to ensure 

sustainable development become the primary consideration in the activity of exploiting environment including its resources. 

The realization of sustainable concept in Indonesia is now integrated and based on the SEA, which contains various provisions 

and direction of how to realize sustainable development based on UUPPLH becomes the basis for preparation and evaluation 

of spatial plan and development plan. Third, development planning in Indonesia is related to various regulation especially 

regarding the environment and spatial arrangement, and it is formulated in the obligation of implementation of the SEA by 

Central Government, Provincial Government and Regency/City Government. 

 

Accordance with the Law No. 32 of 2009 regarding Environmental Protection and Management (UUPPLH) which requires 

the implementation of the SEA in the preparation and evaluation or review of the spatial plan concerning the carrying capacity 

and environmental importance. The position of the SEA as a document that contains a scientific study in order to realize the 

development in Indonesia is currently able to operationally provide real direction including functionally linked with the setting 

of the function space in the spatial planning. Although currently Indonesia has had a legal basis in both the General and 

technical rules that are assigned the Minister of environment, but refuses to load many and obvious how to associate the SEA 

in spatial arrangements in Indonesia. 

 

In chapter II of the regulation of the Minister of the environment about the guidelines of the SEA the year 2011, it is expected 

that the study is the integration of SEA in the policy, plan or program, so look at the form of the document, but the referenced 

studies does not guarantee Foundation firmly in the laws and regulations in Indonesia. This causes only placed as technical 

documents and not legal documents, where the influence of the policies of the more dominant compared to the expected legal 

certainty. 

 

In 2011, the Ministry of spatial Indonesia, trying to compile the SEA needs the preparation or evaluation of spatial plans, yet 

thought-provoking authors still stuck on principles of law and authority, so that when imposed for compiled would be contrary 

to legal regulations as well as going on arbitrariness, where the preparation of the SEA rather than into the authority of the 

Minister of spatial field in Indonesia. It also results in uncertainty as well as its operational SEA drawn up not in ensuring 

sustainable development in Indonesia. 

 

In practice in some parts of Indonesia, found various areas which seems to ignore the SEA formally nor materially. It did 

recently became a problem when the draft regulations presented to the regional legislature formally, so it is definitely in the 

process of evaluation and preparation of spatial plan completely ignores the SEA in determining the functions and designation 

of an area. 
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To realize one of the goals of SDGs especially in achieving the Sustainability of Cities and Communities, Building cities and 

settlements that are inclusive, quality, safe, resilient and sustainable, law through legislation especially in the field of 

environment, spatial and development has a vital role. Concerning SDGs, in principle, the Indonesian legal system that 

embraces the primacy of national law, the status of legislation as positive law has its primary functions and positions, so that 

the objectives contained in the SDGs must be adopted in legislation to be implemented. 

 

Various considerations substantially determine the embodiment of a safe, convenient and sustainable city. With the concept 

of sustainability, environmental concerns in the SEA shall be the scientific basis to be referred to in the determination of a 

function and area designation. The relationship between structures and spatial patterns integrated with the spatial plan plays 

an important role. Formally, in the process of drafting and evaluation of spatial plans, SEA has been prepared, but the material 

or substance still tends to justify the planning process for non-environmental purposes. 

 

This paper illustrates the legal view of the SEA link as an instrument and scientific basis with spatial planning and 

development. Spatial planning as the legal basis is the primary instrument in realizing the objectives of SDGs, especially to 

achieve a livable and environmentally sound city. The strengthening of the legal system to encourage the function of the SEA 

becoming the leading instrument in the spatial plan is required. With the mainstreaming of the law, the control instrument, as 

well as it’s anticipatory and corrective functions indispensable to create a safe, comfortable, productive and sustainable for the 

benefit of present and future generations. 

 

2. Methods 

 

The method of legal, juridical normative research used in this study. (Seokanto and Madmuji, 2007). The analytical, descriptive 

method used with a completely holistic approach. The system means a unified entity neatly arranged on the following parts of 

the details in such a way as to achieve a definite goal. (Danusaputro 2001) The pattern of research and applied assessment of 

the environmental law and spatial planning aims to know and understand the wisdom in solving spatial problems. The 

comprehensive study on environmental law and spatial arrangement with particular attention, to find the form and pattern of 

spatial law arrangements that are especially suited to the needs of Indonesia, to enforce into the Indonesian national system in 

the field of environmental law and spatial planning. 

 

The legal materials required in this study are primary legal materials, secondary legal materials and tertiary materials. Primary 

legal documents are legal materials obtained directly from authorised sources, in the form of legislation, jurisprudence, treaties, 

including those received in electronic form through internet media. The analysis by using a legal interpretation of data and 

information obtained concerning the principles and norms prevailing in society. In the analytical process, it assessed by 

considering the current problem (ius constitutum) and the anticipated condition (ius constituendum) to the gap between das 

sain and the das solen. 

 

Secondary legal materials are legal materials not obtained directly from the source, but explain or explain the primary legal 

material such as research results, meeting/meeting minutes, seminar results (national and international), and the work of law 

related to research material, either directly or indirectly. While tertiary legal materials are, materials that provide guidance and 

explanation of primary and secondary legal materials, such as legal dictionaries, either directly or indirectly with the problems 

studied. 

As a study in the field of law, methods of approach with secondary law materials are prioritized by doing the interview against 

the policy makers to be able to understand the paradigm of thinking in interpreting laws and regulations as well as the legal 

system that linked the obligation of SEA in the process of drafting and evaluation of spatial plans in order to realize the goal 

of SDG's in Indonesia. 
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The analysis Method uses first, the study of legal principles against the rules of law. Research on principles is a philosophical 

study and contains an ideal element of the law. Secondly, research on legal systematics regarding legal events and associated 

with the characteristics of legislation, Third, research on the level of vertical and horizontal synchronisation, and the Fourth 

Legal History with methods of identification of the stages of legal development. 

 

 

3. Results and Discussion 

 

Indonesia as a constitutional State based on the 1945 Constitution continues to develop the legal system to realise the objectives 

of the State. L. Friedman's view states that the legal system consists of components, Legal Structure, Substance, Function, and 

Culture. These components are related to achieving the objectives of the law and bring about justice in society. (Friedman 

1986) Institutions are the basic framework for the legal system. L. Friedman points out that "when considering the theory of 

partial structures, of influence on the behaviour of judges, and of different theories of legitimacy in various parts of the legal 

system" (Lipson, 1976) basic and essential part of a legal system. 

 

The substance of the law is the main component to realise the objectives of a rule, where legal element consists of regulations 

in material and formal (procedural). (Hart 1994) expressed his view of the Concept of Law in the primary rules comprising 

legal norms containing obligations and secondary rules containing authority to legal subjects. (Chand, 1994) The three types 

of secondary rules include First, the rules that facilitate the legislative, executive or judiciary to change the primary rule (Rule 

of Change), Second, the rules of dispute resolution (Rule of Adjudication), and Third, rules that provide guidance to determine 

that a norm is a legal norm (Rule of Recognition). 

 

In a developing country where the gap between economic and environmental interests is still significant, the law must have a 

different function than usual. The law becomes a short-term solution but must provide direction for the implementation of 

orderly and orderly development in line with the purpose and function of law in society. The concept of law in development 

proposed (Mochtar 1972) by giving the contribution to the legal system in formulating the definition of law by looking at the 

characteristics of the Indonesian. Where law as a set of rules and principles governing human life in society, also include 

institutions and processes (processes) necessary to realise the law in reality. Mochtar's concept of law with a personal approach 

of the Indonesian became the basis of the national policy of development since 1973 and became the basis for the establishment 

of a national legal system. According to Lili Rasjidi, definition law from Mochtar, the word principle and rule describe Law 

as a normative phenomenon, while the words of institutions and processes describe Law as an empirical phenomenon. This 

aspect established the Indonesia legal system. 

 

The legal theory of development including the definition law from Mochtar in its implementation is the foundation for the 

state guidance of development policy. Mochtar definition was formulated based on the situation and condition of Indonesian 

society, as well as the characteristics of the Indonesian nation and directly or indirectly established the national legal system 

during that period. Related to “institution” definition Mochtar interpret not only institutions in the sense of state organs but 

also the legal institutions in the society that have grown and developed in Indonesian society, such as customary law 

community institutions and marriage institutions.  

 

Since the imposition after the Reformation era in Indonesia 1998, Mochtar concept of law is no longer the basis for the 

development of Indonesia's national legal system. Romli said that the Long-Term Development Plan, which was applied as a 

substitute for the previous regime, tended to use the legal system according to Friedman, where the law as a system is the 

subject of social science, where there is an interaction between the structure, substance and legal culture. As for the 
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construction emphasised in the judiciary, the element stresses the content of a rule and legal culture as in the culture of the 

society in general. Romli further underlines that with the development of Development Law Theory, the aspect of bureaucracy 

becomes one of the important things that helped determine the direction of development of the legal system in Indonesia. 

 

The legal system of Indonesia as a system of rules that apply in the sense of positive law that is legislation consisting of 

elements where one and other interlocked and affected (Bisri 2012). Indonesia's legal system developed and adjusted to 

Pancasila as state philosophy and the 1945 Constitution. As the source of all sources of law, as the foundation and test stone 

of the existing system given the enactment of the Transitional Rules of Article II which still impose some part of the colonial 

law and the establishment of the legal system in the future. Mandated legal unification stipulates that throughout the 

archipelago of Nusantara there is only one national legal system. Based on the systemic view, then in the National Law system 

based on Pancasila and the 1945 Constitution every legal area that is part of the national legal system sourced from Pancasila 

and the 1945 Constitution. 

 

Safe, comfortable, productive and sustainable environments are achievable goals, where a spatial arrangement is an important 

aspect of making it happen. In terms of the fundamental aspects of the philosophical issues of the development of 

environmental thinking, the change of views is related to the concept of anthropocentric and ecocentric. The conflict between 

the ideology of nature conservation and the exploitation of natural resources continues through conceptual and ideological 

debates (Suharjito 2008) In the development of human thought about nature in the sense of the environment, and it is seen that 

humans control nature and nature serve human needs. The conservation movement considers nature and resources valued as a 

commodity for human (economic) benefit. Sustainable forest development efforts are carried out, but focusing on looking at 

the forest from its parts is like a tree, not as an ecosystem as a whole. 

 

The development of thinking is influenced by conservation movements that have short-term and long-term perspective on 

balance, but the practice of short-term perspective is more dominant than the long-term. Conservation movement that began 

early 20th century is ideology anthropocentrism. Views (Hoffman and Sandelands, 2004) state that: "The past century has 

witnessed unprecedented economic growth and prosperity. It has been witnessed as well as depressed upon nature. Today 

there is the debate between two moral postures to reconcile these developments. One takes a human-centred, or 

anthropocentric, view of our relationship to nature, to emphasise the value of securing the resources we need for further 

development. " 

 

In essence, unpredictable economic growth that tends to the social welfare impacts on the environment. It is based on the view 

that man is the centre of life on earth. Furthermore, a paradigm shift by considering the environment occurs when 

environmental degradation has affected human beings and other living things as Hoffman and Sandelands view that the other 

takes an environmental centred, or ecocentric, view of the relationship to nature, to emphasise the value of conserving her 

integrity and beauty. The ecological approach becomes the basis for activities involving resources, Ned Hettinger and Bill 

Throop states that: "Several popular held rationales for these judgments are rooted in ecocentric ethics. An ecocentric ethic 

treats natural systems as intrinsically valuable and morally considerable. This ethic is holistic in that it bases moral concerns 

primarily on features of natural systems rather than on the individuals in them. Traditionally, ecocentric ethics has relied 

heavily on "holistic" ecological theory to provide its empirical foundation. It has evaluated human impacts on the environment 

primarily regarding their effects on the integrity, stability, and balance of ecosystems. " 

 

Sustainable concept (sustainability) became one of the fundamental concerns in the development of environmental 

management. John Morelli stated that: (Morelli, 2011) "... while the concept of sustainability is increasingly appreciated as a 

useful concept by itself, it appears to be serving some purpose when preceded by a delineating modifier like" ecological "or" 
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agricultural "or" economic. "Efforts have been made by members of various professions to give meaning to the terms within 

the context of those respective professions." 

 

A view of the concept of sustainability is put forward in The Brundtland Report, as reported in the World Commission on 

Environment and Development which states that: (C.J. Barrow, 2006) "Most of today's decision-makers will be dead before 

the planet feels the heavier effects of acid precipitation, global warming, ozone depletion. . . . Most of the young voters of 

today will still be ... Sustainable development has three component goals: economic development (especially poverty 

reduction); social development; environmental protection. " 

This shows that sustainability is strongly influenced by decision-making and appropriate steps to safeguard the interests of 

future generations. That sustainable concept must be integrated into the idea of sustainable development to protect current and 

future investments. In this case, the application of eccentric concepts in its development is realised with the development of 

environmentally sound and sustainable.  

 

One such science that is directly related to the objective of environmental function protection is the arrangement of the spatial 

plan and explicitly states that the basis of the national spatial mechanism is based on the insight of the archipelago and national 

resilience. Although the new spatial law was enacted in 1992, the science of urban area planning has evolved since the era 

before independence. The need and scientific development of spatial planning function in supporting the environment has been 

developed to realise the purpose of spatial planning.   

 

Daud Silalahi states that the development of spatial law in Indonesia is influenced by various aspects, among others; First, the 

housing arrangements since 1890, Second, the influence of the codification of Town planning in 1909-1978, Third, the 

influence of the housing town planning, etc., 1919, and the influence of health regulation 1919. Further, Daud Silalahi describes 

the impact of the concept of development on the idea of law governance, with directives about buildings and land, changes in 

use and licensing systems in development. 

 

Spatial Planning Regulation toward Sustainability in Indonesia 

Spatial is expressed as a container that is terminology declared as accommodating in a container collect which about the spatial 

function to provide the environment in the sense of all its elements including the interaction of activities carried out by humans 

and other living things. This concept causes the container to be made based on conditions. Spatial planning approaches the 

problem with the approach of protection function and cultivation function to realise a safe, comfortable, productive and 

sustainable spatial. 

 

Spatial planning mandates that the management of various natural resources on land, in the oceans, and in the air, needs to be 

carried out in a coordinated and integrated manner with human resources and artificial resources. In the pattern of sustainable 

development of spatial development developed in a dynamic environmental order and still maintain the preservation of 

environmental capability by environmentally sound development, which is based on Nation's Insight and National Resilience. 

To come to a clear conceptualization of the relationship between adaptation and spatial planning, and to define the potential 

role of spatial planning in adaptation to climate change. We define spatial planning as the development of future-oriented, 

holistic policies that integrate and balance demands and requirements of society and various governmental policies into a 

desired future physical organisation of spatial. (Bart Jan Davidse, Meike Othengrafen and Sonja Deppisch 2015) 

 

SEA provides the basis for establishing protected areas by approaching and assessing the extent of the capacity, carrying 

capacity and resilience of the area, and recommending what should be considered as the foundation of the spatial plan for the 

future area. The criteria in Indonesia national spatial planning in identifying a region becomes important as the basis of strategic 

value and priority of area determination. Regarding to the spatial plan for the area that serves cultivation, basically designate 
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the designation of the area that functions as cultivation, among others: the area of production forest allocation, the area of 

forest land use, the area of agricultural allotment, the area of fisheries allotment, the area of mining allotment, the area 

designation of industry, tourism designated area, settlement designated area; and/or other designated areas. 

 

SEA as consideration for every decision made by government influence directly to the activity that may cause harm to the 

environment. The main idea is to guarantee every decision to archive sustainable development. How to implement is another 

issue, but to improve the influence of strategic environmental assessment (SEA) on decision-making, have been considered 

for decades within SEA literature. The development in the use of these theories in SEA literature has similarities with the 

development in the decision-making discipline itself. (Lyhne 2012) 

 

There is the debate on the suitability of SEA in developing country contexts where there is growing evidence that EIA is not 

working well (Mwalyosi & Hughes, 1998). Often the reasons are not so many technical ones, as issues of lack of political and 

institutional will, limited skills and capacity, bureaucratic resistance, antagonism from stakes, corruption, compartmentalized. 

Organizational structures and lack of clear environmental goals and objectives. Undoubtedly, these structural problems will 

loom large as constraints to the introduction of the SEA. Also, there are many issues regarding the use of SEA in industrial 

countries that are unresolved and, more seriously, glossed over in promotional literature 

 

The urban area as a cultivation area has significant activity in the field of trade and service, where there are many centres of 

business, so it tends to be a lot of mixed regions wherein one region has many functions. It is not expected in the concept of 

spatial planning, structure and spatial patterns into concepts that must exist to realise a safe, comfortable, productive and 

sustainable. The rationale of the spatial plan is to plan the spatial to protect the environmental function. Currently, spatial 

planning is more likely to see the condition and a minimal load of plans and tend not to dare to plan what the current areas 

will be for the next 20 years. In the view of the plan, in practice if there is a difference between the plan and the existing, all 

parties tend to state that the 20th-century is wrong. Whereas the essence of the plan is that the government through the theory 

of the welfare state approaches to direct a future region whether it remains a cultivated area or planned to be changed into a 

protected area in order to maintain the availability of resources within it.  

 

How to make the spatial planning model in urban area is the challenge in Indonesia. Mainly spatial planning models achieve 

more than monitoring in that they proceed beyond description to explanation. By using theories about human behavior–

habitual or (more or less) rational choice behavior under constraints (informational, monetary, temporal) – a relevant part of 

reality, say a city is re-constructed as a virtual reality (in a more general sense) which is, in all relevant features, structurally 

similar to reality, i.e. responds in a similar way to external stimuli. If that can be demonstrated – the validation step – the model 

can be used for forecasting, i.e. can be exposed to stimuli reflecting expectations about how the world at large will develop, 

and will predict how the city is likely to respond to these stimuli. (Wegener, 2000). This how the human behavior will be the 

essential aspect of planning. Difference culture and habit must human-centered when the planning process and public 

participation will change and influence the character of the urban area in Indonesia. 

 

In his position in the national legal system, the laws became the cornerstone of spatial to evaluate and adapt the legislation 

contains a provision about the utilization of spatial has been in force, namely Ordinance legislation on water, land, forestry, 

mining, regional development, rural, urban, transmigration, industry, fisheries, roads, the continental shelf, the exclusive 

economic zone of Indonesia Indonesia, housing and the settlement, tourism, transportation, telecommunications, etc.. 

 

As for some consideration of the need for a change of settings, among others: First, the Union, the national and international 

situations that demand the enforcement of the principle of integration, sustainability, democracy, and justice in the framework 

of the Organization of the spatial which is good. Second, the implementation of the policy of the autonomous region which 
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give greater authority to local governments in organizing spatial so that the implementation of the authority need to be regulated 

for the sake of maintaining harmony and alignment inter-regional routes, as well as interregional disparities do not cause. 

Third, awareness and understanding of the people who are against the higher spatial arrangement, which requires the 

construction, execution, and supervision of structuring a spatial to fit the developments that occurred in the community. 

 

Spatial Plan as a product implementation of spatial became one of the basics in the utilization of spatial. Understanding of 

spatial as a container which include land, sea, and air spaces, including spaces in the Earth as a whole region, where humans 

and other living creatures, doing activities, and maintaining his survival being the attention which the spatial plan of 

arrangement should be aimed at maintaining the containers in order of protection function of the environment. 

 

Sanctions against the permission giver showed that breaking the plan is unlawful, as well as sanctions that are likely to be 

directed at the recipient permission has also been directed to give permission when publishing permission not in accordance 

with the spatial planning.  Basically the enforceability of environmental and spatial arrangements are inter-related and 

complementary. In an effort to achieve the goal of prevention or preventive aspect, be the main thing in the preservation of 

environmental functions, so that preventive instruments play a role which is important in order to realize the goal of protection 

and embody an orderly spatial. 

 

In the compliance of the law in relation to environmental and spatial, in principle put forward the principle of prudence, where 

uncertainties about the impact of a business and/or activities because of lack of mastery of science and technology is not a 

reason to delay measures to minimize or avoid threats against pollution and/or damage to the environment. This into 

consideration for business activities and in the preparation of spatial plan in order to anticipate a negative impact to the 

environment due to the use of space. 

 

SEA Practice for Sustainability in Indonesia 

SEA basically have a goal and a very important function in relation to spatial, an obscure setting Conditions and framework 

that does not correspond to the needs of the arrangement must be addressed with changes in legislation so that SEA not just 

the document only positioned as a formal requirement, but more generally judicial review should appear as an instrument that 

can guarantee a sustainable development approach to compliance is based on a spatial plan. 

 

With regard to the drafting of the Guidelines, the Government has set SEA regulation of the Minister of State for the 

environment of the Republic of Indonesia number 09 Year 2011 about the guidelines of the Strategic Environmental Study. 

Some of the material the Ministerial Regulation charge that the document contains, among others, SEA: (1) chapter I 

introduction, (2) CHAPTER II Integration SEA in the policy, plan, and/or programs, (3) CHAPTER III phase of SEA, (IV) 

CHAPTER IV Methods SEA implementation and (5) chapter V documentation, public access, and quality assurance SEA. 

When referring to the above guidelines is clearly visible that the SEA study only as it functions not directly related to the 

technical determination of the location of protected areas or areas of cultivation and not declare them upright area can be  

 

SEA shall be the basis in the preparation and evaluation of spatial plans. In practice SEA compiled conditionally according to 

the needs, so the specific time and arranged SEA fits a specific need. Other problems, as the study of exemplary SEA describe 

don't give a stuff what or how the integration of material charge against spatial plan. Basically the plan was drawn up with the 

spatial still accommodate the interests and objectives of various other laws, so it is very important for the strengthening of the 

function of determining the area of SEA on which to base development activities. The fundamental thing is the harmonization 

of terminology between the setting of the field of the environment by spatial. 

Current development planning showed weak implementation caused not sourced in planning policies and programs on the 

spatial plan. In the year 2016 through presidential Regulation number 3 of the year 2016 about national strategic Projects, the 
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Government set the strategic projects including the development of the field of infrastructure development. With regard to the 

implementation of National Strategic Project, carried out in accordance with the Spatial Plan and is technically not possible to 

move from the planned location, spatial adjustments can be carried out in accordance with the provisions of legislation in the 

field of spatial. 

 

One national project development is a fast train project Jakarta-Bandung. Spatial plans of counties/cities which are crossed by 

the project have not been set up on the location of the crossing as well as the allocation. Fast train project assignment it should 

be entered in the National Ministry Agrarian and Spatial. The preparation of the national settlement awaits spatial planning 

revision spatial planning in eight district and cities of the project along the 142 km from Jakarta's Halim, headed to the area of 

Tegalluar, Bandung Regency West Java Indonesia. 

 

Based on the position of spatial planning on the trajectory of the project infrastructure development fast train from Jakarta, 

Bandung, some spatial planning yet can be customized quickly in the year 2016 investigation of Spatial. This shows the 

policies and programs that are not in accordance with a defined spatial plan will have constraints related to licensing. In essence 

the basic spatial planning is not solely on the policies that give priority to economic interests, the fast train project Jakarta 

Bandung cause polemic not because of no beneficial the project to be carried out, but likely to be at issue in the planning 

process and whether the location that will be used as the trajectory for arbitration was undertaken has been set with SEA which 

consider the capacity and support environment.  

 

SDG’s Goal 11 Implementation in Indonesia 

SDG Goal 11 – the urban goal – requires a precise definition of what constitutes ‘cities’, ‘urban’ and ‘human settlements'. 

Currently, governments use definitions that are nationally decided. Despite numerous efforts, however, it is not envisaged that 

countries would agree on a harmonized, universal, definition of ‘urban' in the short term. Instead, when monitoring and 

reporting on this goal and related indicators, it is possible that countries will continue to use national definitions. These 

definitions are based on criteria such as population size, population density, the proportion of the population in non-agricultural 

occupations, etc. (UN-Habitat: Monitoring Framework, SDG Goal 11) 

 

Based on the general principles to inform a follow-up and review framework of the 2030 Development Agenda and taking 

into account discussion papers on this topic, UN Habitat’s support and contribution towards the Goal 11 indicators and other 

SDGs indicators with an urban basis could be as follows for national level: (UN-Habitat: Monitoring Framework, SDG Goal 

11), First, assist in the definition of national targets, connecting to global objectives, including specific benchmarks and 

standards at the country level, Second, Assist in the strengthening and alignment of institutions and policies to respond to 

urban SDGs, Third, Assist in the definition and reinforcement of ‘means of implementation’, supporting the creation of country 

implementation plans, Fourth, advice on the mechanisms integrating national and local planning processes to the urban SDGs, 

both for implementation and monitoring, and Fifth, provide technical advisory services on implementation strategies and the 

localization of indicators at city/urban level. 

 

The Fifth indicator must considering, First, identifying key local/territorial stakeholders, Second, analyzing and defining roles 

and functions of local governments and stakeholders, Third, defining mechanisms and processes for facilitating the 

implementation process, Fourth, analyzing participation and inclusiveness for the implementation process including the 

definition of local accountability mechanisms, Sixth, involving communities in non-conventional, Seventh, forms of data 

collection and reporting, and Eighth, Review short- and long-term outcomes and lesson learned from the process, using a 

similar framework (City Prosperity Initiative). 
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Formulation SDGs goal in Indonesia national development and achieve the goal of spatial planning, this question and 

challenger for the government.  Improved Spatial Configuration on SDGs scheme targets focuses on spatial aspects of 

sustainable cities that would most likely not exist under any other non-urban goal. As such, they are the priority. They are also 

unique, which is a dishonest argument since they strengthen the claim that a dedicated urban SDG is necessary. In addition, 

they reinforce one of the most crucial prerequisites for sustainable cities: proactive spatial layouts that anticipate and guide 

future growth by securing public space, structuring street and block layout and encouraging logical plotting. Without spatial 

planning, design, and transit-oriented development cities may lock themselves into unsustainable settlement patterns, 

retrofitting out of which is often too complicated and expensive ex-post facto for many cities. Indeed many of the world's 

fastest-growing cities are already be set by diseconomies of agglomeration whereby congestion, segregation and sprawl set in 

before a city can ever enjoy the benefits of concentration. (UN-Habitat). This example must be considered to develop urban 

planning in Indonesia. 

 

Spatial utilisation paradigm, particularly in areas that exploit natural resources is the maximum utilization. The spatial plan is 

one of the instruments used to control the usage where at a certain time, the area of natural resource exploitation activities are 

stopped, not because it has been depleted but to keep available for the benefit of future generations. Some of the basic things 

in the renewal regarding the SEA, spatial plans and development of national and regional scale are that the government should 

be able to energise the spatial plan and development plan gradually. Development as one of the causes of changing capacity, 

carrying capacity and resilience of the environment arranged after the establishment of the container in the form of spatial 

plan. Spatial plans that have established areas that take into consideration aspects of environmental protection should be 

controlled instruments so that in the spatial and development environment relations scheme will stem from the approach, 

environmental capability, strategic value and development priorities. In the reform model, Indonesia must have a national 

strategic environmental assessment that includes the national environmental capacity. This is a foundation for what spatial and 

development planning can be done to achieve sustainable development.  

 

The purpose of SDGs is in Indonesia, as a common goal of the world community, from the legal aspect, applied directly 

considering Indonesia involves the primacy of national law. Each program and activity structured according to the 

development plan and spatial plan. In the legal system in Indonesia, the spatial placing the arrangement as a container that 

accommodates environmental interaction, where the precautionary instrument in the form of SEA is what determines the 

function and allocation of an area specified in the spatial plan. The challenge is the responsibility of the government, where 

the future SEA must be able to play scientifically and technically justify a determination of the region and lead to the realisation 

of a sustainable urban area.  

 

Basically, with or without the goal directed in SDG's concepts in realizing a liveable city, Indonesia since 1992 has established 

a rule that to develop futuristic spatial that is comfortable, safe, productive and sustainable. As a form of State responsibility 

rules already highly developed and adequate as well as continues to be developed in Indonesia which is system will 

significantly support the global goal as directed in the purpose of SDG's. The improvement of the quality and suitability of the 

SEA in the preparation and evaluation of spatial plans become the inevitability that soon done for alignment and 

synchronization of national policy that will have an impact on international responsibility together with the international 

community. 

 

4. Conclusions 

 

Sustainable urban areas based on their planning on scientific considerations, while taking into account the characteristics of 

the region and the community. So mainly in realising the purpose of SDGs in Indonesia must start from the integration and 

strengthening SEA in the national legal system. The concept of legal development by placing the law as a tool to change 
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people's behaviour becomes important; the people here are not only individuals but also the government in the State 

administration. SDGs objectives, especially in achieving Sustainability of Cities and Communities, Building inclusive, quality, 

safe, sustainable and resilient cities and settlements in Indonesia can only be accomplished through spatial planning, whereby 

the whole approach, cross-sector and comprehension, become the sole foundation in every utilisation activity. Law as a means 

of development that is corrective, futuristic, and anticipatory becomes the main thing in the effort to realise sustainable urban 

area.  
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Abstract 

For the last two decades many cities have proposed strategic or action plans to guide their development. A review of 

strategic/action plans of 33 cities obtained searching through Google, <city> and <strategic plan>, reveals interesting 

suggestions to prepare new strategic plans or to modify present ones. It has been observed that almost half of them are just 

general proposals while 18 of them proposed using indicators to guide and evaluate city development. Most of these 

strategic plans do not consider the impact of cities on their hinterlands, or proposed the integration of data at different levels 

as it could be integrating data for the public, policy makers or experts. Neither, they consider aggregating data as composite 

indexes of life quality, human wellbeing, progress, or others. Six major factors extracted after a Multivariate Factor Analysis 

grouped the 379 indicators of the 18 strategic plans as indicators of quality of life, economic conditions, infrastructures, 

safety, basic needs, and accessibility. Most of the strategic plans reviewed used indicators covering the triple-bottom line 

(environmental, social and economic aspects) although focussing more on social aspects than on economic and 

environmental ones. Only 8 out of 18 strategic plans have a quite even distribution of environmental, economic and social 

indicators. It has not been observed that cities with a high economic income have a more even distribution of indicators 

among social, economic and environmental. However, cities with better environmental conditions indicated by the air 

concentration of suspended particles, and human aspects, indicated by the human development index, have a more even 

distribution of indicators among the three classic dimensions of sustainable development. Using strategic plans with a more 

even distribution of indicators covering this triple-bottom line and integrating indicators as indexes of livable, viable and 

equitable cities will take their societies closer to the sustainability pathway.  

 

 

Keywords: city, sustainability, strategic, plan, indicators  

 

1. Introduction  

Cities are unsustainable systems because, generally, they receive most of the resources they use from outside the city. 

However, many cities around the world are planning and performing plans to improve their performance and to incorporate 

actions towards sustainability. The starting step uses to be to prepare and write a strategic plan based on evaluating 

indicators of sustainable development. Many types of indicators of the three classic dominions (environmental, social and 

economic) have been used. Also indexes, combinations or synthesis of indicators, have been used. Tanguay et al.  (2010) 

after reviewing 17 literature reviews of urban sustainable development indicators, concluded that a common methodology 

should be designed to select and combine indicators to evaluate sustainable development plans of cities although local 

aspects can be neglected.    

The strategic plans of a city may include a general approach, actions and indicators or indexes of the state of the city. The set 

of indicators included reflects the characteristics of the city and its capacity to accomplish sustainable development 

challenges (Bithas and Christofakis, 2006). An even distribution of indicators included in strategic plans among the three 

classic dimensions of sustainable development (environmental, economic, social) reflects an improved approach towards 

cities sustainability (Basiago, 1999).     

In this paper we review the strategic plans of a number of cities in the five continents, study the selection of indicators used 

in these plans, their distribution among dominions of sustainability and their relationships with welfare indicators. We 

hypothesize that rich and power cities have incorporated more sustainable plans to their planning than cities in less 

developed countries or with lower welfare standards. 
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2. Methods 

The strategic plans of 33 cities from all around the world were reviewed searching through Google for <city> and <strategic 

plan>. A selection of 18 cities from the five continents was obtained after eliminating strategic plans of cities not using 

indicators but just using a theoretical and general approach. A Factor Analysis was performed with R (R Development Core 

Team, 2015) to select major factors of covariation of the 379 indicators included in the 18 strategic plans selected after a 

Scree test (D’Agostino and Russell, 1998). The distribution of indicators used with respect to the three classic components or 

dimensions of sustainable development (environmental, economic, social), not considering the institutional dimension here, 

was used as a proxy to classify the strategic plans as weak (a high number of indicators corresponds to one of these 

dimensions, one or two dimensions have less than 20% of indicators representing one or two of the dimensions) or strong (a 

quite even distribution of the indicators between the three dimensions, no one of the dimensions has less than 20% of the 

indicators) sustainability approaches. The Gross National Income (GNI) per capita purchasing power parity (PPP) index, the 

Human Development Index (HDI) (a composite index of life expectance, education and per capita income characteristics) 

and the PM10 index (air concentration of suspended particles lower than 10 µm in diameter) were used to relate the 

distributions of indicators by sustainability dimensions to, respectively, economic, social and environmental characteristics 

of the cities. 

. 

3. Results and Discussion 

Only 18 out of the 33 strategic plans of cities searched are featuring indicators and or indices. This means that only 54% of 

the strategic plans reviewed are using indicators or indexes in order to set and measure objectives of sustainability. If this 

were a representative sample of strategic plans of cities around the world, we could conclude that a low number of cities are 

approaching sustainability planning with a minimum scientific background. Fig. 1 shows the number of indicators 

corresponding to each of the classic dimensions –environmental, economic, social- most frequently used to study 

sustainability issues, excluding the institutional dimension. Social indicators are the most common ones used in these 

strategic plans, much more than environmental and economic indicators. The numbers of indicators classified as equitable 

and livable are much higher than viable indicators. 

                                                     

Figure 1. Number and percentage of environmental, economic and social indicators used in the strategic plans of the 18 

cities studied. Also number and percentages of indicators that overlap two of these dimensions are shown 

 

Among the 379 indicators considered in the 18 strategic plans, 368 (97%) were mentioned one or two times, 5 three times 

(1.32%), 5 four times (1.32%), and 1 five times or more (0.26%). The most used indicator is population growth, used in 7  
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strategic plans, followed by % CO2 related emissions, life expectancy, % inhabitants living in poverty, % recycled waste 

which were used in 4 strategic plans.  Seven out of the 18 cities have strategic plans with a quite balanced distribution of 

indicators representing the three classic dimensions of sustainable development. This is called strong sustainability (Mori 

and Christodoulou, 2012). Here it is represented by the strategic plans of New York, Seattle, St. Louis, London, Melbourne, 

Kiev, Davao, and Wellington in Fig. 2. The rest of the cities show a dominance of indicators of any of the three dimensions 

with respect to the others. 

                                

Figure 2. Ternary diagram showing the percentages of indicators related to economic, environmental and social dimensions 

in the strategic plans of the studied cities.  

 

Six major components of variability grouped most of the indicators included in the strategic plans after the factor analysis 

performed. Table 1 shows the components and three major indicators associated with these components.  We labelled the 

latent factors as generic characteristics of city living conditions. E.g., Quality of life is associated to the indicators water 

consumption, public green zones and regeneration of polluted areas.  Some indicators could be grouped as either 

environmental, economic or social characteristics. However, the latent factors segregated quite significant indicators related 

to the label assigned to them. E.g., household income, consumption of energy and youth unemployment are clearly economic 

characteristics and so they are labelled in the second latent factor. And so on, infrastructure, safety standards, basic needs 

coverage, and accessibility are the rest of latent factors grouping the indicators used in the strategic plans of the cities 

studied.   

   

Table 1. Principal components and three indicators associated to these components after a PCA analysis performed with the 

indicators of the 18 strategic plans studied.  

                                         

Latent Factor  1st major indicator 2nd major indicator 3rd major indicator 

Quality of life Water consumption  Availability of public 

green zones  

Percentage regenerated 

polluted areas 

Economic conditions Median household 

income increase 

   Final consumption 

of energy by inhabitant 

Youth unemployment 
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Infrastructures Rain water directed to 

wastewater treatment 

plants  

Percentage of 

households using the 

public sewer   

Percentage of 

households using the 

public water supply 

service 

Safety standards Average daily 

population in jail 

Percentage of domestic 

violence victims away 

from shelters  

Social vulnerability 

index. 

Basic needs coverage Households distribution 

by cooking appliance 

Weight of public health 

expenditures on GDP 

Community distribution 

by distance to nearest 

health facility  

Accesibility/Surplus 

standards 

Proportional change in 

number of citizens 

walking or biking as 

main transport mode 

Proportion of first 

engaged people in 

cultural city activities  

Proportion of residents 

living within 300 

metres   

 

 

 

Figure 3 shows that there is not a clear relationship between economic aspects and strong sustainability of the strategic plans 

(considered as an even distribution of indicators between the three classic dimensions of sustainable development). It is both 

low and high income cities have weak and strong strategic plans. In contrast most of the cities with high Human 

Development Index and PM10 index have a strong sustainability approach in their strategic plans. This may indicate that 

cities highly concerned with social (HDI) and environmental (PM10) issues have also a high consideration of the importance 

of approaching strong sustainable development. But also that the sample of strategic plans used is not enough for this type of 

suggestions and that further studies in this line should be performed (Maclaren 1996). 

                                               

Figure 3. Distribution of the strategic plans of the cities studied by their equitability between the three classic sustainable 

development dimensions and their GNI index. 

 

4. Conclusions 

Fifteen out of 33 strategic plans of cities do not include indicators but just general strategies and intentions of actions. Only 8 

out of 18 strategic plans can be considered strong sustainable approaches as the numbers of indicators correspond in an even 

proportion to the three classic sustainable development dimensions (economic, environmental, social). Most of the indicators 
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in the rest of strategic plans correspond to one of these dimensions and the other two dimensions are represented by less than 

20% of the indicators each. Most of the indicators are related with quality of life in the cities. The other major factors 

grouping indicators are economic conditions, infrastructures, safety, basic needs and accessibility facilities. There is not a 

clear relationship between the economic characteristics of the cities and the classification of their strategic plans as weak or 

strong sustainability. In contrast, most cities with good HDI and PM10 have strategic plans with a quite even distribution of 

indicators between the three classic sustainability aspects. These results indicate that there may be a gap in the methodology 

to write strategic plans of cities and that the sample of strategic plans of cities should be enlarged to improve the analysis of 

sustainable development plans of cities. The development of a common methodology to elaborate strategic plans of cities, 

including a common set of indicators and indices made of combinations of indicators would help to compare sustainability 

plans of cities. Incorporating a leakage indicator, the external dependence and impact of cities on areas elsewhere, which is 

also a common gap in strategic plans of cities, would take the development of cities towards the sustainability pathway.  
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Abstract 
Nowadays, the ongoing changes in the global economy influence all components of the local and regional economies around 
the World. According to Agnew (2000 and 2001) and Haukkala et al. (1999) regions are often conceptualized as units of 
social-economic space characterized by production structure of all ownership forms, population, employment concentration 
as well as governmental institutions. Fundamentally, they are a social, cultural, political and economic interaction system 
(Agnew, 2000, 2001 and Haukkala et al., 1999 in Palekiene et al., 2015), which face several challenges regarding the well-
being of their inhabitants. In such a setting regional development becomes more and more important, while regional and local 
economic development –as Simmie and Martin (2010) point out– is far from a smooth and incremental process, instead, it is 
the subject to all sorts of interruptions and disruptions (such as periodic economic recessions, the unpredictable rise of major 
competitors, unexpected plant closures, the challenges arising from technological change and the like), and the state responses 
answering these challenges and the degree of decentralization and the adaptive capacity of territories differs to a high extent 
even in the same national economy. The KRAFT (‘Creative City, Sustainable Region’) Concept developed by iASK (Institute 
of Advanced Studies Kőszeg, Hungary) is a regional development initiative, which focuses on the connectivity and cooperation 
of key players of the regional economy including businesses, local and regional governments and academic institutions. The 
current research aims at introducing the most important criteria considered during the development of the concept and the 
resulting KRAFT-index, a complex analytical tool suitable to demonstrate regional development tendencies, the attitude of 
regional players towards cooperation and their ‘creativity potential’ regarding eight specific development areas pointed out 
by: literature review1. economic development, 2. governance, 3. social vitality, 4. health, 5. culture, 6. networks, 7. natural 
and built environment, 8. education, learning. The research paper highlights the most important steps of the development of 
the KRAFT-index, the methodological issues considered during its creation and will demonstrate its practical implementation 
in Veszprém, a middle sized town in Hungary, situated at the Pannonian Region of Hungary which is the main examination 
area of the iASK. We will highlight pros and cons of such development initiative in practical use and emphasize the role and 
importance of various stakeholder groups which were involved in the development process (mayors of the interest geographical 
area, specialists from data mining and sampling experts to sociologists). Finally, we will provide a sharp analysis of the case 
study in the light of UN SD goals for assessing potential synergies of the methodology and the framework. Results of the 
research show that while there have been efforts towards cooperation by the municipality before, there is still a large potential 
in creative collaboration between different stakeholders in order to foster a more balanced and sustainable development path. 
 
Keywords: KRAFT-index, regional development, stakeholders, Sustainable Development Goals 

1. Introduction  

In line with globalization, appearance of global supply chains, emerge of new economic systems in core-periphery system, 

‘learning regions’ as well as industrial regions the research about how different territories would maximize the welfare of well-

being of residents has become important. The economic – social – environmental resources, often referred as ‘territorial’ 

capital is vital in case of any shocks which emerge in today’s world of transitions like economic downturn, industry shocks 

which influence the path and pattern of regional economic growth, the quality of life of the inhabitants as well as the state of 

built and natural environment. As Palekiene et al. (2015) describe, the question why one region is more vulnerable to economic 

shock than other resulted to analyse regions as a unit of social-economic space, characterized by production structure of all 

ownership forms, population, employment concentration as well as governmental institutions, fundamentally, a social, cultural, 

political and economic interaction system (Agnew, 2000, 2001; Haukkala et al., 1999 in Palekiene et al., 2015). Regions, with 

specific structures, often represents an inner core-periphery system, where the importance of cities, larger settlements is high, 

the neighbourhood often depends on the economic viability and growth of core areas (like urban-rural linkages). Regional 
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development, aiming to maximize the welfare of inhabitants, to create a sustainable territorial structure for long term viability 

trough the mobilization and exploitation of local resources has high importance in population retention. Nevertheless, as while 

Simmie and Martin (2010) point out regional development is far from a smooth and incremental process, instead, it is the 

subject to all sorts of interruptions and disruptions (such as periodic economic recessions, the unpredictable rise of major 

competitors, unexpected plant closures, the challenges arising from technological change and the like), and the state responses 

answering these challenges and the degree of decentralization and the adaptive capacity of territories differs to a high extent 

even in the same national economy. 

Considering the importance of cities in regional developments several attempts have been made in order to assess and make 

comparable the performance of cities in maximising human wealth. The Urban Sustainability Index (USI) used by van Dijk 

and Mingshun (2005) to measure the urban status, coordination, and potential of four Chinese cities. The Urban Vitality Index 

(UVI) by Yang et. al. (2010) demonstrates that he urban ecosystem can be regarded as a vital organism considering its 

characteristics in terms of structure, function, performance and evolution, hence based on the concept of urban vital organism, 

the framework of urban vitality index covering producing power, living status, ecological ascendancy and vital force, is 

constructed to represent the urban ecosystem development status from the economic subsystem, social subsystem, natural 

subsystem and ecological regulatory subsystem, respectively. Even national initiates exist like the Malaysian urban Indicators 

Network as discussed in Marzukhi et al. (2011): sustainability city indicators can be seen as a measure that gives a summary 

of information about the subject of the problem. Besides these basically descriptive tools, the Winnipeg Quality of Life 

Indicators assess the Community Quality-of-Life Indicators, as Hardi and Pinter (2007) introduces the fundamental of the set 

of indicators in Winnipeg is that people value the quality of life (QOL) in the settlement; they appreciate the size and pace of 

the city and its amenities; they are strongly attached to their neighborhoods; and they feel that Winnipeg is a great place to 

raise a family. They all wish to maintain this QOL for future generations, but they are concerned that it may be fading as 

regional development is far from a smooth process. 

The KRAFT (Creative City, Sustainable Region) Concept 

The Creative City – Sustainable Region (KRAFT) is a relatively new concept that perceives effective regional cooperation 

among economic and social actors as the measure of successful investment and development. It is rooted in the conviction that 

the key to successful development initiatives and projects is the effective cooperation between the socio-economic stakeholders 

of the relevant region. The concept takes into consideration individual (company, city, university etc.) and community interests 

in the region. 

Due to similarity of the idea between Winnipeg Quality of Life Indicators and the KRAFT Concept, the KRAFT-index have 

been developed in accordance with the ‘big brother’. During the development of the KRAFT-index we were able to pay 

attention not just to focus on the difference circumstances of economic – social – human infrastructure but also to assess to 

what extent the city is good to live in. 

Short description of the test area: Veszprém 

Veszprém is one of the oldest urban areas in Hungary, and a city with county rights. It lies approximately 15 km north of the 

Lake Balaton. It is the administrative centre of the county of the same name. Veszprém is a historic town, a regional centre of 

the catholic church, a place, where the first institution of higher education was established in the country that taught the seven 

liberal arts as early as the 13th century. According to legend, Veszprém was founded on seven hills. Veszprém had an important 

religious role during the struggle to make Christianity the official religion of Hungary - Stephen I of Hungary defeated the 

armies of his chief opponent, Koppány, near Veszprém. The city became the first episcopal seat of Hungary in 1009 and an 

archiepiscopal seat in 1993. Veszprém was the favourite city of Queen Gisela, the wife of St. Stephen. For centuries, the 

queens of Hungary were crowned by the bishop of Veszprém. The city is still often called ‘the city of queens’. The historic 

centre of Veszprém is the castle, which - together with the surrounding town - was one of the significant centre of the country 
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until the Turkish occupation. The medieval castle and town suffered large-scale destruction in the Turkish period. The present-

day historic town evolved during the town development constructions of the 18-19th and the early 20th century. World War II 

and the following period caused relatively little damage to the old centre. On the other hand, Veszprém is a modern, developing 

city with lots of cultural events, modern infrastructure, common places, parks, zoo, sport facilities, traditional and modern 

restaurants, bars, museums, theatres, and its world-famous handball team. With its population of about 60.000 residents 

Veszprém is a place to live for different generations. (veszprem.hu, online; www.veszpreminfo.hu, online; Örsi, Á., 1994) 

Veszprém municipality and along with its Bakony and Balaton region with its social, cultural, economic background is one of 

the most competitive applicant for the Capital City of Culture 2023 title. 

2. Methods 

The KRAFT-index is a complex, multi-purpose indicator aiming to describe both the state of the art and further development 

potential of a region or city concentrating on creative, inclusive solutions. 

The KRAFT-index not only proposes an integrated analytical framework that enables the collective recognition of individual 

(i.e., corporate, governmental, academic) and common interests, but also provides the framework for a more complex and 

profound understanding of middle- and long-term development objectives of dominant actors. This integrated approach is the 

key to future success and socio-economic and ecological sustainability (Miszlivetz and Márkus, 2013). 

The KRAFT-index is based on the following potentials: 

• Creativity and innovation potential; 

• Social capital, network potential; 

• Sustainability potential. 

The creativity and innovation potential reflects the ability of knowledge production. Going beyond the traditional mind-set, 

this potential is the foundation of social and economic development by providing new ideas and solutions. Social capital and 

network potential forms the basis for successful cooperation between socio-economic actors. Sustainability potential expresses 

the social, economic and environmental aspects of sustainability. 

These three potentials are measured by identifying indicators on the following key areas: 

1. Economic development 

2. Governance 

3. Social vitality 

4. Health 

5. Culture 

6. Natural and built environment 

7. Networks 

8. Education and learning 

The structure of the KRAFT-index 

The indicators of the KRAFT-index can be classified based on their content or data sources. According to the content of the 

KRAFT-index core, region-specific and other indicators are differentiated.  

Core indicators are calculated for every analysed region. Region-specific indicators are relevant for the development of a given 

region and they vary from region to region. Other indicators show those specialties that play a key role only in a given region 

and are not relevant in any others. 
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Another classification uses a methodological approach. Hard indicators of the KRAFT-index come from already existing 

databases. Soft indicators, on the contrary represent the attitudes, opinions of local residents, local governments, as well as 

for-profit and non-profit organizations having a fundamental driving role in the region. 

Data collection 

The KRAFT-index was developed by following the traditional research process. The literature review aimed at analysing the 

relevant theories including, but not limited to regional development, strategic management, and sustainability. Special 

attention was payed to the smart city and creative city concepts and related measurement issues. Based on the synergies of 

these concept the theoretical frame of the KRAFT-index was developed.  

Data collection was organized according to the classification of the KRAFT-index structure. Hard indicators were purchased 

from the Hungarian Statistical Office, from the National Health Insurance Office and from regional databases.  

Soft indicators resulted from different surveys. A questionnaire was developed in order to identify and collect opinions and 

attitudes of local residents. The questionnaire contains mainly closed questions. Closed questions provided on one hand ordinal 

data when a 4 grade scale was used to measure the strength of attitudes or emotions of respondents, and on the other hand 

nominal data when different categories were restricted to a few options. In a few cases open questions were formulated in 

order to allow people to express what they think in their own words. Open-ended questions enabled respondents to answer in 

as much detail as they like in their own words. Open-ended questions were applied to collect suggestions of local residents 

regarding future development opportunities and needs.  

Furthermore, structured interviews with executives of SME-s and large-sized enterprises, local entrepreneurs as well as with 

the chairman of Chamber of Industry and Commerce and with the chairman of Association of Entrepreneurs were carried out 

in order to discover the entrepreneurial approach of local development.  

The interview with the mayor allowed to understand the reasons, driving forces and challenges of the local development 

strategy. 

Table 1. Research methods applied in the definition of the KRAFT-index. Source: own compilation. 

Research method Data provider Volume 

Questionnaire for on-site survey Respondents from the residents 1200 

Interview Mayor 2 

Interview SME 4 

Interview Large-sized company 2 

Interview Entrepreneur 2 

Interview Chairmen: Chamber of Industry and Commerce 1 

Interview Chairman: Association of Entrepreneurs 1 

The development of the KRAFT-index started with the definition of the areas for measurement. In order to raise potential 
synergies, the team members had different scientific background (law, management, sustainability studies, territorial 
development, education, tourism). These areas have become the factors of the index. The longest part of the development was 
the questionnaire. We not just focused on the scaling, right questioning methods but furthermore how to ask representatively 
residents. We held two workshops to invite stakeholders. The first was dedicated to the sampling method, the second was open 
for the representatives of the local government to share their ideas. Besides the questionnaire we continuously consulted the 
local government about the data they would provide for the definition of specific areas. We also tested the content of the 
questionnaire with stakeholders in order to filter the non-compliances. 

3. Results and Discussion 
After the scientific group research work, workshops with relevant stakeholders (data sampling experts, sociologists, 
negotiations with representatives and reliable persons of local government) we defined the KRAFT-index. The index covers 
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eight key areas of intervention which are divided into factors, groups to which indicators are ordered. The next table provides 
an overview of the content with respect to the data sources used for the definition of the indicators too. 

Table 2. The KRAFT-index. Source: own compilation. 

Key areas of intervention (themes) No. Factor 

Economic development 1. Economic activity 

2. Local economic incentives 

3. General economic and income status of inhabitants 

4. Entrepreneurship 

Governance 1. Sense of security 

2. Citizen satisfaction with governance 

3. Advocacy 

4. Social engagement 

Social vitality 1. Confidence 

2. Demographic patterns 

3. Social responsibility 

4. Local identity 

5. Support the local citizens in need 

Health 1. Health situation 

2. Health services 

3. Citizens’ way of life 

4. Health support 

Culture 1. Cultural activity 

2. Cultural supply 

3. Cultural support 

Natural and built environment 1. Satisfaction with the natural and built environment 

2. Level of environmental activity 

3. State of the environment 

4. Urban infrastructure 

Networks 1. Regional identity 

2. Human relations 

3. Social inclusion 

4. Digitalization 

Education, learning 1. Qualification 

2. Competences 

3. Research & Development (R&D) 

4. Satisfaction with education 

5. Education support 

 
Economic development on the supply side concerns the enterprise population of the area, economic incentives provided for 
running a business, while on the demand side concerns the income patterns of residents, and their attitude towards 
entrepreneurship. Sense of security like behaviour and actions in case of abuses of residents, satisfaction with governance, 
advocacy of both parliamentarians and the municipality, the degree of the municipality asks and considers the opinion of the 
inhabitants in case of local matters/ affairs are examined at the governance area. In case of social vitality, we assess the level 
of confidence among inhabitants, with special attention to their relations with others. Demographic pattern, the degree of the 
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municipality acts towards population retention are also included. Concerning health, the institutional system and personal 
preferences, attitudes are both examined. Culture is consisted with the cultural supply, cultural activity of residents and their 
satisfaction with the supply, and with the support provided by the LG: The natural and built environment area assess general 
satisfaction patterns, involvement in environmental issues, the state of urban green areas and the infrastructure used both for 
assessing the state of the environment and used by the residents. Networks area integrates issues concerning the tolerance level 
of the area, regional identity, the awareness of residents concerning developments and the level of digitalization on household 
and on settlement level. Education and learning integrates the supply and demand side too: results of the education and the 
acquires competences and knowledge of residents.  
 
The KRAFT-index and the UN Sustainable Development Goals 

 
As a result of the methodology applied during the development of the KRAFT-index the derived indicators correspond with 
the UN Sustainable Development Goals adopted on the 25th of September, 2015 by the General Assembly as part of the United 
Nation’s 2030 Agenda for Sustainable Development. 
Most of the 17 interrelated goals are relevant for regions, as well as cities and other settlements within their confines. Moreover, 
Goal 11 is taking a closer focus on sustainable cities and communities: ’Make cities inclusive, safe, resilient and sustainable’.  
The United Nations sees cities as ’hubs for ideas, commerce, culture, science, productivity, social development and much 
more’ (UN.org, online), which makes them ideal scenes for the implementation of many of the SDGs. 
The UN also acknowledges many challenges cities and other communities face including a lack of adequate housing, the 
limitations of public transportation, congestion and problems with other infrastructure. 
Since the KRAFT-index was developed in order to facilitate a sustainable development pathway for regions and their 
settlements, it covers all SDGs, but puts an emphasis on those, which require a local or regional perspective to be handled in 
a successful manner. In line with Goal 11 of the SDG, the KRAFT-index emphasizes the importance of the appropriate 
management of cities and other communities and intends to provide local and regional managers with a practical assessment 
tool. 
The following table provides a summary of the interrelationships between the domains of the KRAFT-index and the 17 
Sustainable Development Goals. As it can be seen from the table, while all SDGs are represented in the KRAFT-index, Goal 
11 regarding sustainable cities appears in all of the domains. 
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A more detailed look at Goal 11 and its ten targets reveal the suitability of the KRAFT-index to measure development along 

this dimension as shown in the following table. 

Table 3. Targets under Goal 11 and the corresponding measures within the KRAFT-index Source: own compilation. 

No. Target under Goal 11 Measure within the KRAFT-index 

1 Adequate, safe and affordable housing 
and basic services 

New houses and apartments built 

Satisfaction with the services provided by the local government 

2 Safe, affordable, accessible and 
sustainable transport systems 

Satisfaction with the public transportation system 

State of roads, bike paths, public areas and buildings 

3 Inclusive and sustainable urbanization; 
participatory, integrated planning and 

management 

Participation of inhabitants in local affairs 

Inhabitants understanding of local development strategies and plans 
of the municipality 

4 Protect and safeguard the world’s cultural 
and natural heritage 

Selection of cultural activities; number of visitors 

Number of cultural institutions; satisfaction with cultural services 

Cultural support provided by the local government 

5 Reduce impacts of disasters None 

6 Reduce the adverse per capita 
environmental impact of cities 

Satisfaction with the natural environment (quality of for e.g. air, 
water, ground, plants), cleanness of the streets  

Inhabitants understanding of the state of local environment 

Use of alternative energy sources 

State of the infrastructure: water usage, sewage system, selective 
waste collection 

7 Provide universal access to safe, 
inclusive and accessible, green and public 

spaces 

Green spaces  

Bike paths, roads, public areas 

8 Support links between urban, peri-urban 
and rural areas 

The inhabitants’ involvement with the region 

Consumption of local products and services  

Awareness of regional development processes 

9 Integrated policies and plans towards 
inclusion, resource efficiency, mitigation 

and adaptation to climate change, 
resilience to disasters 

None 

10 Support least developed countries in 
building sustainable and resilient 

buildings 

None 

The KRAFT-index measures the number of houses and apartments built as one of the key indicators of the ‘Economy’ domain 

based on available regional statistical data. The transportation system is assessed through the surveying of the satisfaction of 

the inhabitants with public transportation and through a number of indicators reflecting the condition of roads, bike paths and 

other elements of the infrastructure. 

Under the ‘Governance’ domain a number of variables are assessed such as the awareness of the inhabitants of local 

development processes and their involvement in decision making.  

Cultural heritage is an important field of the KRAFT-index and as a result various features are measured including the habit 

of the local population regarding the consumption of cultural services and their satisfaction with these services, as well as the 

support provided by the municipalities for cultural purposes. 
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A number of variables have been designed to assess the state of the local/regional environment. Inhabitants are surveyed 

regarding their opinions of the different elements of the natural environment such as air, water, soil and noise. Parallel, their 

energy and water usage patterns are assessed along with their satisfaction with the sewage water and waste management 

systems. 

The adequate nature of green spaces is also assessed through the use of available regional statistical data.  

The ‘Networks’ domain of the KRAFT-index aims to shed light on the linkages between the different social groups and the 

relationships between the settlements of a region. Inhabitants are asked regarding their understanding of their regions and their 

participation in regional activities, as well as their consumption patterns. 

Discussion 

Results from the on-site survey 

During 2 months 1,200 questionnaires have been collected in Veszprém. The responsible enterprise of the survey expressed 

the openness and willingness of residents to answer. Filling one questionnaire required about 35-40 seconds, the interviewers 

used tablet devices for the data collection. The computer-assisted data collection with the tracking ensure the representability 

checkable. The results indicate the city is a good place to live in and local are proud of both material and immaterial aspects 

of the town like the handball team, nice atmosphere, monuments. Concerning the satisfaction with services, health services 

are the critical part while the education pattern of the city is excellent. 

Interviews with enterprises, economic institutions 

The results of the interviews with the with executives of SME-s and large-sized enterprises, local entrepreneurs as well as with 

the chairman of Chamber of Industry and Commerce and with the chairman of Association of Entrepreneurs are discussed by 

focusing on how effective the cooperation is in the of university-industry-government relationships as well as on how they see 

the long-term perspective of local economic development. 

The biggest obstacle to the local economic development lies in the lack of workforce in the region and in the uncertainty of 

the legal environment. Potential driving force for the local economic development is to educate people by focusing on 

sustainability, environment protection, environmental friendly technologies and solutions. 

The cooperation between the private sector and the local government has to be developed. It is characterized by formal 

diplomacy and mutual representation. No cooperation with NGOs was discovered in the interviews with representatives of the 

private sector. Large-sized companies and SME-s reported existing cooperation with the local university (University of 

Pannonia) especially in engineering and IT education and research. Important milestone was the establishment of the dual 

education programs at bachelor level in the last two years. This cooperation has to be improved in the future. Entrepreneurs, 

as opposed to, realized sometimes hostile attitude of the university towards their businesses. 

Interviews with the municipality 

Local and regional municipalities are keys to the success of the development and the application of the KRAFT-index for 

several reasons: 

1. A sense of ownership by the municipalities is to be developed to gain their full support 

2. Data collection can be facilitated by them by urging inhabitants and local organisations to participate in the index 

development process 

3. Municipalities themselves can provide important data regarding their problems, objectives, operations and 

achievements 
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4. Municipalities form the main target audience of the KRAFT-index since they can act upon the results to promote 

local/regional development. 

While the core set of indicators to be assessed in each region/settlement should be the same across all regions in order to make 

the calculation of the KRAFT-index possible, additional indicators may be developed to reflect local circumstances and to 

cater for the needs of local players, especially local decision makers. 

Taking these considerations into account, the municipality of Veszprém was involved already at an early stage of the indicator 

development process by organising a workshop with the participation of several representatives of the municipality. At this 

stage of the process indicators were not yet fully fixed and suggestions could be taken into account. Also, region specific 

indicators were identified to be included in the surveys. 

Later on, the municipality provided information about the town in order to facilitate the sampling of local inhabitants for the 

survey and the municipality also contributed to the communication efforts to increase participation. 

Additionally, two interviews were conducted with the mayor of Veszprém and data was collected through the so called 

‘Municipality data sheet’. 

The interviews contributed to a deeper understanding of local problems, including economic, social and environmental issues 

and also revealed the intentions and actual measures carried out by the municipality. While the results of the interviews cannot 

be analysed with statistical methods, they can be still used during the evaluation of local development patterns and when 

making recommendations regarding future policy intervention. 

The case of Veszprém also revealed a number of limitations of the interview methodology. Interviews and additional data 

collection require effort and time on behalf of the municipality and not all data is readily available. The assessment of local 

development processes can be subjective influenced by local politics and other factors and it is hard to obtain a balanced 

picture of existing problems and the impacts of potential solutions. 

4. Conclusions 

The KRAFT-index characterises economic development by four factors providing a good overview of the current state of the 
economy and the potentials for the future.  

The indicator describing per capita income of the residents tries to provide a general picture of the welfare of the population, 
however, many respondents were unwilling to provide this information limiting the usefulness of the indicator. 

Other variables provided useful information regarding how locals see themselves (e.g. how creative, innovative they are) and 
provided a rather optimistic picture for the case of Veszprém. However, when we inquired about actual plans to start up a new 
business venture, few revealed such plans for the near future. This points at some inconsistencies in the answers provided, 
which will need further consideration in the future. 

In the case of the natural and built environment, inhabitants proved to be generally satisfied with the state of the environment, 
but found it hard to distinguish between different environmental media (i.e. evaluating the state of air and water quality, soil 
pollution and noise very similarly). This raises the questions whether respondents have enough information to answer these 
questions and ultimately how decision makers should interpret and use the data. 

The development of the KRAFT-index was an inclusive, long term process which utilised the different viewpoints of various 
scientific fields. The willingness of residents for giving answer when on-site survey was due, indicates that it covers those 
aspects of quality of life, personal patterns and urban concerns which are important for the regional development. 
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In Southern Chile, historical sites declared as Typical Zones (TZ) - Zonas Típicas - are subject to conflicts that brings up 

serious concerns on heritage restoration regarding land use management of surrounding areas. New challenges are set 

regarding the definition of heritage value to include the physical, cultural, morphological and economic contexts. As the 

emergence of primary rural and urban settings built out of wood, current historic settlements are named as “Wooden Cities” 

with 150 years old. Management conflicts are apparent whereas heritage administration is scattered and segmented between 

many institutional agencies and lack of unity in sites that are characterized to serve public interest as a whole. In correlation 

with the national regulation framework on heritage conservation, heritage values (HV) are categorized in factorial assets opens 

the door for developing opportunities for cultural heritage and urban context objectives. The research presents an empirical 

case study launched was a call for valorizing the TZ in Valdivia during the planning intervention of a mandated bridge 

construction by the Ministry of Public Works, where its access is planned to use part of that historical area. Through the 

empirical, multifocal and qualitative analysis, cross-disciplinary research diagnosis, focuses on a case study of Wooden Cities. 

This could help in enhancing the quality of strategic plans and provide solutions to insure an integral 

development. Furthermore, the pragmatic research, analysis and outcomes helps to understand that several entry points can be 

used to both, develop and conserve a protected area in benefit of cultural landscape of the Wooden Cities. Through interpreting 

the protected site as a dynamic context, a local model could be initiated for Wooden Cities. Last but not least, the diachronic 

analysis and the association to positive externalities establishes alignment within global framework and sustainability 

measures. 

 

Keywords: Heritage, Typical Zone, Development, Sustainability, Innovation 

1. Introduction  

 

For the last two decades, urban culture and heritage have significantly been threatened from mounting pressures of 

urbanization. Conservation and safeguarding themes have long debated among the international level (UN-HABITAT, 2015). 

Nowadays, the definition and role of cultural heritage scope has been widened to include issues that could have not been 

thought about 50 years ago. The relevance attributed nowadays in Chile’s cultural politics conservation management, 

challenges the relationship between institutionalized heritage sites and their surrounding areas, resulting in evidence of need 

of widening heritage scope. Under local tools1, neighbourhoods in historical sites in Southern Chile, have weakly managed to 

be protected from disappearing. Some are perceived immobilized for the achievement of better quality of life. However, the 

application of local definitions and heritage factors are still in need of an integral clear understanding of the context and coping 

with the global standards. There is a major difference between the national legal framework and the global one that emerges 

from international directives and agreements. Chilean national legislation still treats protected heritage assets as object which 

restricts heritage management as a development opportunity of a living site, as recommended the international guidelines of 

managing cultural world heritage (Duhalde, 2005; González et. al, 2012; UNESCO et al., 2013). Global tools and guidelines 

give prominence to culture as a land-based identity, acknowledge scales, update debates, and expand heritage identification 

and definitions (UNDP, 2015; UNESCO, 2017; UN-HABITAT, 2017). Qualitative requirements are undermined by the lack 

of greater cross-sectoral coordination regarding heritage assets managed by ministerial portfolios with their own urban goals 

and quantitative impact measures for inputs at the national hierarchical level (WHC, 2004). The research demonstrates the 

factors of cultural heritage definition in the Southern Chilean context, assessed to give shape to the protection of a historic 

zone based on international tools when responding to the requirements of the Environmental Impact Assessment System. 

 

In the Southern Chile, heritage assets of urban historical developments are mostly wooden-built buildings of no more than 150 

years. Wooden-built settlements aligned with the habitat of Mapuche communities predominant until the end of XIX has 

resulted in the emergence of the first rural and urban settings of the South. Issues and challenges related to heritage 

conservation can be identified in those settlements and neighbourhoods established between the late 19th century until the late 

20th century. The research designates such characterized settlements as Wooden Cities as a reference to how cultural landscape 

is identified in its social and geographical setting. Currently, Wooden Cities are facing a number of challenges regarding an 

                                                       
1 Valuing Heritage Program, MOP. Heritage Reconstruction Plan Program, MINVU, and local plans managed jointly by 

municipalities (initiative), sectors (advisory services and standards) and private businesses (funding.) 
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integral rescue and conservation discourse counting the different factors of heritage development.  This results in the lack of 

sustainable conservation procedures, which influences the restoration within an inconsistency of an joint vision of cultural 

heritage and planning development (UNESCO, 2013).   

 

TZs are subject to a number of conflicts that casts serious concerns on heritage restoration. The main legal body for the 

protection of cultural heritage in Chile corresponds to Law No. 17.288 of National Monuments Council (CMN), which dates 

back to 1970. The declaration states a number of classifications of national monuments which includes historical buildings 

managed by the Ministry of Housing and Urban Development (MINVU) as well Typical Zones (TZ) under purview of the 

National Monument Council (CMN, 2011). It characterizes communities by their typical or picturesque appearance and 

declares their protection and conservation by virtue of its public interest (MINEDUC, 2011; González et al., 2012). To the 

previous ones, interventions on heritage protected sites, are added the requirements by Environmental Impact Assessment 

System (Ministry of Environment). The governance of TZs is a combination of national and municipal interest, which produces 

a conflict in how to innovate for better quality of life and develop accordingly. Financial resources of heritage building 

restoration are granted through programs under the National Council of Culture and Arts (CNCA) and the Ministry of Public 

Works (MOP). This tends to hinder a common development platform rehabilitation policy between agencies that take part in 

this process (Torres, 2014), in correlation with the national regulation framework on heritage conservation and it limitations. 

The challenge focuses on heritage sites before which scattered, segmented and State centralized heritage administration results 

to the detriment of local government (municipalities), and strict delimitations between public areas and private property in 

sites that are characterized to serve public interest as a whole. There fore, the central research problem lies in the insufficiency 

of the Law to unite and protect TZs as cultural landscape in the South of Chile, were Wooden Cities attempt to rescue local 

values. These factors limiting heritage sites as whole concept, restricts it management as a development opportunity for cultural 

heritage and urban context objectives. Consequently, the paper investigates the factors taken into consideration within the 

Law, defining that TZs, influences the lack of heritage protection. Qualitative requirements are undermined by the lack of 

greater cross-sectoral coordination regarding heritage assets managed by ministerial portfolios with their own urban goals and 

quantitative impact measures for inputs at the national hierarchical level (WHC, 2004).   

 

The research questions the necessary factors to be taken into account for an integral restoration of a historic zone (TZ) in 

southern Chile. Additionally, the main objective of the research is to redefine the historical zones and their value as sustainable 

development opportunities, helped by the discussion of the process implemented during the bridge’s project. A secondary 

objective is to enhance public processes that involve legal frameworks, institutions and public funds, introducing management 

tools to improve the opportunities for success in heritage conservation. The recommendations intended in the results of the 

paper would help to develop a model that results in a methodology as a subject to replication in Wooden Cities. The research 

is an empirical case study that focuses on a historical Wooden City registered as a TZ inside Valdivia. This is a cross-

disciplinary qualitative research focused on the analysis of a project that has initiated by the motive of a bridge construction 

in a historic quarter declared as a TZ along the river city of Valdivia. The project was a critical political decision to intervene 

in an area of a historic zone, in order to upgrade the city’s infrastructural services. The academia had an important role in 

assessing the area of influence of the bridge construction which arose the topic of reidentifying the TZ as part of the city’s 

identity. As a collaboration of public and academic help, the project succeeded to develop a new methodology development 

for multi-focal diagnosis2. Therefore, this paper is an attempt to set an basic background to facilitate new tools on similar case 

studies the process of identifying, designing and executing urban recovery programs (Rojas, 2004). 

2. Theoretical Background: Heritage Values in global and local framework 

2.1 International definition of heritage values 

 

Significantly, the definition of heritage has changed its reformed scope through time from the 1960s. Based on Ahmad’s (2006) 

content analysis of the definition of heritage internationally, broader understanding of heritage to shift from individual 

buildings to include groups of buildings, historical areas, towns, environments, social factors. It has moved towards social and 

cultural practices and values, economic processes  (UN-HABITAT, 2015). Lately in the 20th century, heritage definition 

settled a common ground, between both UNESCO and ICOMOS (2013), to include tangible and intangible heritage 

significance as well as environments. The following Table 1 demonstrates a compilation of the analyzed literature reviewed 

regarding heritage values and their factors: 

 

As for tangible values, it was clarified as cultural properties to include monuments, groups of buildings and sites (Ahmad, 

2006; UN-HABITAT, 2015). Extending beyond the notion of tangible values, intangible values were explained as the 

representation of knowledge, skills and cultural spaces within. It defines the recreation of communities in response to their 

environments, their interaction with nature and their history. It also includes the sense of identity and continuity and thus 

promoting respect to cultural diversity and human activity (UNESCO, 2003). Scovazzi (2015) has emphasized on the three 

main components that the last Convention of the UNESCO deals with the intangible cultural heritage: Manifestation, 

community, and the cultural space. Each component was defined in detailed view in order to qualify the intangible cultural 

heritage. Manifestation included oral traditions and expressions, including language, performing arts; social practices, rituals 

and festive events; knowledge and practices concerning traditional craftsmanship (Ahmed, 2006; Scovazzi, 2015). Moreover, 

the second component of the community was simply explained as the heritage of humanity where the social component plays 

                                                       
2 The multi-focal diagnosis included: historical analysis, pedestrian observation, legal framework analysis, measuring spaces 

and their dynamics, monographic and landscape characterization, public management. 
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a main role. Cultural space is understood, regarding this component, as not only to be manifested to but shared with someone 

else where generations transmit knowledge and where cultural diversity is active (Scovazzi, 2015). If cultural space is active, 

considering the component of time, then cultural heritage is a dynamic process which differs through period change.  

Table 1. Factors of heritage values; Authors’ construction, 2018 

 

Tangible value Intangible value Environmental value 

Monuments Manifestation  

(a) oral traditions and expressions, (b) 

performing arts;(c) social practices, rituals and 

festive events, (d) knowledge and practices, (e) 

traditional craftsmanship. 

Historic gardens (Man-made) 

Groups of buildings Community (Diversity) Landscape (Man-made and 

Natural aspects) 

Historic centre Cultural Space (Identity)  

Site  

 

Environments were simply briefed by Ahmad (2006) as natural properties. Defining the environmental factors as two main 

components of Historic gardens and Landscapes. Moving beyond man-made historic gardens, Montella (2015) has explained 

landscape as organic product of a community. This is materialized by the evidence of its entire history regarding what has 

been preserved and lost in the dynamic transformation of its environment, its needs and its capacity to respond. Another 

definition is the historic landscape declared by the UN-Habitat (2015), which in an urban area is understood as the result of a 

historic layering of cultural and natural values and attributes.  

2.2 National definition of historical values and Typical zones 

 
The official declaration of TZs is mandated from the CMN under the Ministry of Education that is stated from Law No 17.288, 

titled National Monuments and Related Norms. Dating back to 1970, it clearly considers TZs as historical monuments, typical 

or picturesque areas and sanctuaries of nature with a national interest (González et al., 2012). Initially, the Law mentions the 

term of TZs in Articles No 29 and 30. As explained and cited from González and his colleagues (2012), the CMN’s decree in 

2006 states TZs as: 

 

 "... groups of urban or rural real estate, which form a settlement unit representative of the evolution of the human community 

and that stand out for their stylistic unity, their materiality or constructive techniques; that have artistic, architectural, urban 

and social interest, constituting areas linked by the buildings and the landscape that frames them, highlights and relates, 

forming a landscape unit, with its own environmental characteristics, that define and grant identity, historical and urban 

reference in a locality, town or city ". 

 

From the latter decree, TZs are understood as a physical structure with a social interest, not considering the social interest as 

part of the heritage value. The Law statement refers to TZs as a tangible form of buildings, surroundings of historic 

monuments and typologies as architectural style, morphology, etc. Additional reference to natural heritage as mentioned 

briefly, was reduced to botanical elements found among the properties subject to attention (MINEDUC, 2017). The expected 

maintenance; of values and surroundings; is the preservation of environmental features understood as the urban setting or 

the landscape (Torres et al., 2001). 

 

TZs have been classified operationally by CMN in five categories observed as: historic centre, traditional town, environmental 

historical monument, area and groups of buildings (CMN, Ley Nº 17.288 de Monumentas Nacionales y Normas Relacionadas, 

2006). Such denominations restrict the various traits that characterize a given area in which they differentiate their degrees of 

homogeneity or heterogeneity, their spatial dimension, morphological or architectural and its historical-cultural features 

(González et. al, 2012). All five categories are restricted to be categorized as tangible heritage value if compared to the 

international definition mentioned previously. The following Table 2, categorizes what had been mentioned by the Law 

regarding the factors of heritage value in the name of TZs, in order to clarify the unpresented aspects that should also be 

declared. Recently, TZs have been considered in the mainstream planning system as a Sectoral plan with special studies of its 

morphology (MINVU, 2013).  

 

Considering the process attempted to declare a TZ in Chile, individuals can lead the application to declare a national 

monument. This process begins with the preparation of a declaration case whose contents is presented in front of the members 

of the Council. In accordance, through presenting the historical qualifications, architectural, archaeological and landscape 

photographs and referential audio-visual material of the proposed area. Despite the long process, the advantage is the autonomy 

of local communities and private individuals to lead such procedures; unless they are fully aware of their heritage value. This 

also opens the door for the capacity of communities to technically and financially declare TZs. In other words, gathering 

citizen support and opinions from “owners and authorities” definitely plays an important role in terms of launching the 
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procedures, however the long-term management process could be a disadvantage. An evidence for that way of launching 

procedures, is the significant increase in registration and recognition of Chilean TZs during the last decade, although the 

existence of a clear policy for economic incentives, tax or other types of support to private owners to maintain and renovate 

such buildings is yet a missing aspect (Erlij, 2004; MOP, 2010; González et al., 2012). Moreover, the flexibility of the Law 

does not to differentiate spatially between urban or rural area, gives a wide interpretation of technical instruction in the 

architectural and patrimonial define the intervention conditions (MOP, 2010). A scenario could emerge in the end, may further 

increase the risks regarding heritage conservation goals pursued by the policy itself.  

Table 2. Factors of heritage values according to the Chilean Law No 17.288; Authors’ construction, 2018 

 Tangible value Environmental value 

T
y
p
ic

al
 Z

o
n
es

 

Monuments Historic gardens (Man-made) 

Botanical gardens 

Groups of buildings and their typologies Landscape  

Historic centre  

Site 

 

2.3 Defining gaps between the local and international valuing heritage 

 

From the above analysis, the Chilean definition of heritage and its values dates back up to the definition of monuments of 

ICOMOS and the UNESCO in the 1960s as a category of factors of tangible and intangible values. Environments were 

mentioned in an ambiguous manner, correlating aspects as construction style, materials and techniques that are combined with 

the surroundings and not defined as an organic product of the community or nature aspects. (Montella, 2015; MINEDUC, 

2017) Through cross-cutting local understanding of heritage value under the name of TZs with global definitions of heritage 

factors, Table 3 is realized to visualize the observed current gap: 

 

Table 3. The gap of National Chilean heritage values; Authors’ construction, 2018 

 

 Tangible value Intangible value Environmental value 

T
y
p
ic

al
 Z

o
n
es

 

Monuments Manifestation  

 

Historic gardens (Man-made) 

Groups of buildings Community (Diversity) Landscape (Man-made and Natural 

aspects) 

Historic centre Cultural Space (Identity)  

Site  

 

Global tools and guidelines3 give prominence to intangible values as a land-based identity, acknowledge scales, update debates, 

and expand heritage identification and definitions. By considering these factors, local heritage attributes can be understood as 

a fabric which in turn, is composed of heritage rehabilitation and contexts, and the construction of the cultural landscape. They 

are part of the factors assessed to give shape to the protection of a historic zone based on international tools. International 

definitions consider architectural and landscape factors along with the unavoidable incorporation of the environment (social, 

ecological, economic), the surroundings, the urban fabric, and culture. This is a major difference between the national legal 

framework and the framework that emerges from international directives and agreements. 

 
History, culture and the environment are referenced in these documents as components of heritage quality. Among definitions, 

gaps emerge for urban components’ conservation and restoration projects other than buildings, typologies and morphologies. 

In this sense, Torres (2014) states as follows: in terms of policies, except for volume conservation guidelines, in the Chilean 

context there are no specific regulations for interventions in architectural heritage. 

 

                                                       
3 Referring to the SDGs, New Urban Agenda of Habitat III, WHC-UNESCO 
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Several heritage conservation projects in Chile, the recent cases in cultural heritage4 and natural heritage5, have enhanced the 

value of heritage within the public opinion and also facing private and public agencies as a development factor of impacted 

societies (Saelzer, 2014). Architectural restorations with an urban interest –historic zones– following local and national 

policies under the National Monuments Act (1970), resulting in the conservation of facades and volumes with the ensuing 

under protection of plots, links with traffic routes, physiognomy, urban landscape and other spaces of public interest. If, 

however, mutual dependence gives value to a building complex, there would be a legislative deficit regarding the context and 

interpretation of surrounding areas. In such cases, the heritage asset will remain disconnected from sociocultural and 

socioeconomic developments, and also from the ecological and biocultural systems when, additionally and in turn, there is 

relevant natural heritage in the surroundings. The action of weaving protection for heritage pursuing an active rehabilitation 

with the rest of the city is expected to be relevant in the design of sustainable development. This explains the necessity to 

include socio-cultural and economic analysis to insure an integral study. The following case study defines the heritage value 

in a local context of Southern Chile.   

3. Applying International Definition of Heritage Value on Local Context: Los Canelos Garden Park, Valdivia 

 

The research focuses on a learning process a case study as an example of a launched to respond the Environmental Impact 

Assessment System (EIA) requirements as supported by the Academia. Nevertheless, the motive of project assessment was a 

call for valorizing the TZ in Valdivia during the planning intervention of a mandated bridge construction by the Ministry of 

Public Works, where its access is planned to use part of that historical area. The research discusses an integral design of “Los 

Canelos Garden Park” considering the international definition of HV.  

 

Valdivia is considered one of the oldest cities in the Southern Chile, spatially originated by the street of Los Canelos where 

groups of residential buildings and workshops began to grow from the colonial city and its postcolonial development. While 

landlords of the German immigrants were consolidated between 1849 and 1860, certain typology of architectural style and 

spaces have been integrated within the city (Guarda, 2001). Taking advantage of the river location, plots, houses, trails, 

electrification, and production units were settled along the water way.  

 

For twenty-five years the experience of a TZ in Valdivia has allowed to experience the idea of heritage through its urban life 

in its streets, its various properties. The area of study was documented back to the year 1774, which facilitated the process od 

research analysis for data collection and the knowledge of the evolution of the geographical area and the format. The TZ of 

Valdivia was declared in 1991, beginning from Yungay and General Lagos (GL) street as a structuring road as shown in Figure 

1. According to the national declaration DS 89/1991, the former TZ included the following characteristics:  

 

- Two streets (Yungay and General Lagos), which form a road axis from the intersection with Lautaro street to 

Miraflores street, considering the road and sidewalks. 

- The buildings that face these two streets, including all its surface, which would form a polygon and area of the 

Typical Zone.  

- Buildings for their quality and homogeneity, which would be understood as a homogeneous set.  

- An environmental character with values. 

 

The historic zone interconnects the inner city’s streets, and therefore it has been discussed in a former version to construct the 

bridge related to the conservation of the existing urban centre. In 2015, the bridge was planned by a single sector, and because 

of applying the international factors to HV, it was to be interpreted as a threat for the TZ. When the bridge was relocated for 

the protection of public spaces (existing streets), at a certain distance from a historic monument and to add up restorations to 

the architectural heritage, the opportunity emerged for a cross-disciplinary research regarding the need to answer to the 

multifocal committee of the Environmental Impact Assessment System (SEIA). The relevance gained by the historic zone 

study for the SEIA called for greater coordination at the sector level, including the Regional Ministerial Secretariat of Housing 

and Urban Development. 

 

 Consequently, the project had the responsibility to recommend the factors taken into consideration in order to define the real 

HV. A plan metric documentation was analysed with photographs and images that portray historical as nowadays urban events, 

allowed to identify various thematic areas in the TZ according to their uses, during their apogee as an extension of the urban 

area of the city: e.g. neighborhood zones, areas of productive infrastructure, housing area of high social classes, and smaller 

housing areas. This information allows to recognize and appreciate values and development opportunities in the following 

Table 4 which analyzes the applied factors and elements studied in the project based on the definition of international HV in 

the case study: 

 

 

 

                                                       
4 Impact of the Muelle Barón commercial project (Valparaíso) and Mall (Castro) for the purposes of the World Heritage 

UNESCO Site regarding the urban landscape and the promotion of a local economy scale. 

5 Liquid industrial waste crisis in a Nature Sanctuary and Ramsar site, where citizen actions result in penalties and continuous 

protection and development resources.  
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Table 4. Categorizing factors of heritage values in relevance to the case study; Authors’ construction, 2018 

 

After defining the factors of HV according to the local context of Valdivian city; shown in Table 3, an area of influence was 

spatially identified. The results differed in identifying the impact of a new infrastructure – bridge - in the neighborhood, streets, 

river bank, and Typical Zone embracing the successions and dynamics of that one and half century. This has required the 

mandate of historiographic review to propose distinctions of new urban representation. But the interpretations of a sector that, 

under protection policy, owes its establishment to historical reasons, also owes them to contemporary day-to-day experience. 

This is what the study has proposed and collected through the recognition of three categories that reflect the distinctions 

between the conceived city (given city), the experienced city (represented) and the perceived city (conceptual, imagined) 

(Lefebvre, 2013).  

Tangible value Intangible value Environmental value 

Monuments (Torreón) Cultural values of a locality represented 

by the urban expression 

Historic gardens (Man-made) 

Groups of buildings defined in the 1991 

decree and its surroundings 

Public participation of cultural 

definition 

Landscape associated with a natural 

context and a context of traces left by 

human intervention. (River Valdivia) 

Architectural ensembles and 

architectural typologies that explain the 

thematic zoning 

Observations of anthropological 

experiences. (Identity) 

Bio-landscape context of the 

environment 

Fences with historical value  

Scenery, routes and pedestrian flows, 

from dynamics of public roads. 

 

Figure 1. A map of the case study of Los Canelos indicating the intervention area, and the proposed influence area; 

Authors’ construction, 2018 
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4. Conclusions 

 

A wide platform of HV definition and its contribution is left for the academic discussion, since the lack of an integral context 

to develop historic zones was observed in the study. Valuing heritage depends on each context; however, their factors can give 

guidelines of enhancing regulatory frameworks. Tangible, intangible and environmental values should be identified through 

the process of declaring TZs. Based on local heritage analysis, the attribution towards a better incorporation of contexts and 

complete rehabilitation, suggests the concept of cultural landscape which provides an integral understanding of historical 

zones. Cultural landscape was briefly mentioned in the Chilean regulatory framework and regional diagnosis. Based on 

principles of environmental values, innovation is expected as an outcome from conceiving local- neighborhood development 

through connecting urban development with the cultural and natural heritage. 

 

During the pragmatic research, local residents were asked to define TZ of General Lagos, Yungay neighborhoods. They 

referred only to the facades of historical buildings as a valued asset, however few of them referred to the original families, 

industries, and warehouses. This proves the disconnect of local definition of heritage, where public spaces and private property 

are separate concepts in the process of planning and heritage conservation. Through multi-scaled management projects 

(including local, regional, national, global), a challenge considering the nature of the Organic Municipality Act and sector 

state power is observed to hinder developing a better Typical Zones protection policy. 

 

Thereafter, cultural landscapes, representing nature and man combined works, after case study analysis it shows an increasing 

number of factor in scene:  urban, natural, social, finance, management and governance. Along with integral rehabilitation at 

protected sites, it is an attempt to illustrate the evolution of human society and settlement over time, under the influence of the 

physical constraints, where opportunities are presented by their natural environment and of successive social, economic and 

cultural forces, both external and internal. The case study offered opportunities to register non-previous observed institutional 

aspect and regulatory framework within the understanding of heritage sites. Therefore, it is now a repository of local-national 

information scope and a learning process regarding protection of historic zones which can be considered as a model for the 

Typical Zones in the South of Chile. This includes the environmental circumstances and the replicability among Wooden 

Cities. 
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Abstract 
The transport sector largely depends on oil to meet its energy needs. This has adverse consequences such 
as atmospheric pollution and external energy dependence. As population in urban areas tends to rise, 
urban mobility is a cornerstone of sustainability in cities. In the absence of a functional and appealing 
public transport system the use of private car use tends to increase, causing traffic congestion and air 
pollution, with consequences both at local level (public health, quality of urban space) and global level 
(climate change). In the Lisbon Metropolitan Area (AML) 54% of the house-work commuter movements 
are made via individual transportation, whereas collective public transport satisfies only 27%. The goal 
of this research was to understand the reason for the disparity between demand for private car and 
public transport, a constant negative trend in the past 25 years. The evolution of the transport network, 
service quality and demography were examined. The first conclusion is that the transport network, as 
well as tariff schemes, are very poorly integrated: there are currently about 2000 different tariff variants 
in the 16 AML's public transit companies; this chaotic ensemble is nigh impossible to understand even by 
experts, and is quite difficult to use by anyone not familiar with it. Service quality has decreased because 
of inadequate distribution of the revenue from intermodal passes, low public investment in public 
transport, concession contracts which allow each transport operator to set tariffs, relatively high prices 
and inaccurate information to the public. The key factors to substantially improve the AML public transit 
system (and through it to enable more sustainable transportation in the region) seem to be: an upgrade 
of service performance (links, frequency, information); the definition of a financial equilibrium method 
with adequate public funding; and the creation of a mandatory, unified Metropolitan tariff system. These 
three pillars are linked: one does not seem possible or effective without the others. 
 
Keywords: Integrated Tariffs, Sustainable Mobility, Transportation Policy, Public Transportation, Lisbon 
Transportation. 

1. Introduction  

According to the European Commission (2018) “Urban mobility accounts for 40% of all CO2 emissions of 

road transport and up to 70% of other pollutants from transport.” In the 2011 Transport White paper 

(European Commission, 2011) urban mobility is clearly defined as a priority, and identifies 

intermodality, tariff integration and clear information as the pathway towards more sustainable 

mobility behaviours. This is not the case in the Lisbon Metropolitan Area (AML). 

Historically the urban mobility patterns in the AML saw an increase in public transport use from the 

1960s until the 1990s, when the pattern shifted to a clear preference for individual transportation with a 

steep decline in the collective modes of transport. In the most recent population census (2011) in the 

AML, 54% of the house-work commuter movements were made via individual transportation whereas 

collective public transport satisfies only 27% and soft mobility modes 16% (figure 1). 
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Figure 1. Modal share distribution in the AML by year and mode of transport. Adapted from: (INE, 2012) 

This is partly due to the growth of urban sprawl around Lisbon, to areas where public transportation 

services have been historically less available. Urban sprawl was promoted in the past 30 years by a 

combination of incentives to housing construction, lax land use planning and the creation of radial 

motorways in the AML (Venâncio, 2013). However, this is not the only motivator for the increase in car 

use. In 1993 the publication of Decree-Law nº8/93 allowed for the public transit companies to define 

tariffs at will, effectively destroying the established simplicity of the existing intermodal monthly passes. 

These new passes comprised two or more companies, in contracts established between them which had 

merely to be reported to the regulating authorities, not requiring approval. 

One of the most nefarious effects of this legislation however, was that it fixed the distribution of revenue 

from intermodal pass sales, which means that the revenue the participating companies get is not 

dependent on service provided. To change the revenue distribution matrix a unanimous agreement on 

all participating companies is required, effectively destroying the prospects for any flexibility or 

progress. This allowed some transport operators to decrease service level without affecting the revenue 

from passes, and simultaneously did not compensate transport operators providing better service level.  

Ultimately, this situation has become penalizing for users because the service is less reliable and in rush 

hours vehicles are overcrowded, making for travel conditions which are unsafe and uncomfortable, and 

often require that the user waits for another vehicle, which also leads to higher commute times 

(Comissão de Utentes dos Transportes de Lisboa, 2018). 

The goal of this research is to understand the current transport system, especially the tariff system, to 

better comprehend the reasons for the car-heavy modal share tendency that is currently felt in the AML. 

2. Analysis of the transport system in the AML 

The AML is comprised of 18 municipalities, as shown in Figure 2. According to the 2011 census, the 

residing population is 2.8 million people, representing a growth of 6% over the previous census in 2001. 

The biggest population increases are in Mafra, Alcochete, Sesimbra and Montijo, which are peripheral 

municipalities, whereas the more central municipalities have shown the greatest population losses, 

namely Lisbon, Amadora, Moita and Barreiro.  
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For commuter statistics, however, the census only accounts for “active” population, i.e. working or 

student population, which in the AML amounts to 1.6 million people. Lisbon has a strong polarity, 

drawing in daily over 356 000 commuters from other municipalities.  

 
Figure 2. Lisbon Metropolitan Area, and its municipalities. Adapted from: (DINÂMIA-CET/ISCTE-IUL, 2011; 

EnchantedLearning.com, n.d.) 

The commuter movements show interaction between all municipalities, however, as previously stated, 

Lisbon shows a clear pull over all other municipalities. As shown on figure 3, there is also a strong 

interaction among Sintra, Cascais, Oeiras and Amadora. 

 

Figure 3. Regional interaction of commutes within the AML. Source: (INE, 2012) 

The transport system in the AML is comprised of four main modes of transportation: heavy rail, light 

rail, fluvial and road transport. These services total 16 collective public transport operators within the 

AML, as described in Table 1. Of the road transport operators, the most important is Carris which 
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operates within Lisbon with a few more peripheral lines; this is also the only road operator in the AML 

which also has streetcars, funiculars and elevators. 

Table 1. Operating companies and relative weight in demand, within the AML by mode of transport. 

Source: (Grupo de Trabalho da Secretaria de Estado das Obras Públicas Transportes e Comunicações 

GTSEOPTC, 2011)  

Mode of 
transport 

Transport operator 
Municipalities of 
operation 

Demand 
relative 
weight 

Millions of 
passengers 
transported 
(2010) 

Quality of 
information 
provided 

Heavy rail 
 

CP – Comboios de 
Portugal  

Vila Franca de Xira, 
Loures, Amadora, Lisboa, 
Cascais, Oeiras, Palmela, 
Moita, Barreiro, Setúbal 

11.6% 94.7 

 

 

 
FG ‐ Fertagus* 

Lisboa, Palmela, Amada, 
Barreiro, Setúbal 

2.8% 22.9  

Light rail   
 

 

MTS – Metro 
Transportes do Sul  

Almada, Seixal 1.1% 9.2   

 

ML – 
Metropolitano de 
Lisboa  

Odivelas, Amadora, 
Lisboa, Loures 

22.4% 182.8  
 

Fluvial 
 

 
TT – Transtejo, 
Transportes Tejo  

Almada, Seixal, Montijo, 
Lisboa 

3.5% 28.5  

 

SL – Soflusa, 
Sociedade Fluvial 
de Transportes  

Barreiro, Lisboa 3.5% 28.5 
 

Road 
transport  

 

Carris – 
Companhia Carris 
de Ferro de Lisboa 

Lisboa, Oeiras, Amadora, 
Odivelas, Loures, Almada 

29.5% 240.6 
 

 

VT – Vimeca 
Transportes 

Amadora, Cascais, Sintra, 
Lisboa 

6.6% 53.8  

 

BT – Barraqueiro 
Transportes  

Mafra, Vila Franca de 
Xira, Loures, Sintra, 
Odivelas, Amadora, 
Lisboa 

1.1% 9.0 

 

 

 
RL – Rodoviária de 
Lisboa  

Mafra, Vila Franca de 
Xira, Loures, Sintra, 
Odivelas, Amadora, 
Lisboa 

7.9% 64.2 

 

 

 

SP – Scotturb, 
Transportes 
Urbanos  

Mafra, Sintra, Cascais, 
Oeiras 

3.0% 24.8 
 

 

 

TST – Transportes 
Sul do Tejo  

Montijo, Lisboa, 
Alcochete, Palmela, 
Moita, Almada, Barreiro, 
Seixal, Setúbal 

8.9% 72.4 

 

 

 

TCB – Transportes 
Colectivos do 
Barreiro  

Barreiro, Moita 1.3% 11.0 
 

 

 
ID – Isidoro Duarte  

Loures, Sintra, Mafra, 
Lisboa 

0.1% 1.1   

 
HLM – Henrique 
Leonardo Mota  

Lisboa, Odivelas, Loures 
e Sintra 

0.2% 1.7  

Total 100% 816.6  

*Includes passengers transported by Sulfertagus, a road transport service operated by the same 
company. 

 Accessible and comprehensible information, well organised and compiled. 

 Information scattered and/or poorly organised, though published. 

 Information unpublished or difficult to locate in the website. 
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3. Methods 

To analyse the existing tariff system, the first step was to gather information on tariffs from all operating 

companies within the AML. These were then organised by ticket category, as shown on Table 2, and 

counted the number of tariffs per category, their relative weight in demand and revenue.  

Table 2. Types of tickets in the AML tariff system, their relative weight by transported passengers and 

revenue and total number of tariffs. Adapted from: (OTLIS, n.d.; AMTL, 2011; Carris, 2018; CP, 2018; 

Fertagus, 2018; Mafrense, 2018; ML, 2018; MTS, 2018; Oeste, 2018; Rodoviária de Lisboa, 2018; Scotturb, 

2018; TCB, 2018; TST, 2018; TT/SL, 2018; Vimeca, 2018) 

Ticket 
category 

Characteristics 
Transported 
passengers 

(%) 

Revenue 

(%) 

Number 
of tariffs 

Simple ticket 
One ride. These can be acquired in some shops and 
ticket vending machines, where present. 

2 

31 814 
Board tickets 

One ride, might be more expensive than a simple 
ticket. These are acquired inside the vehicle and price 
may vary with distance travelled. These only exist for 
buses, streetcars, funiculars and elevators. 

Pre-bought 5 
and 10 ride 

tickets 

These are single-ride tickets bought in bulk, and are 
usually at a lower price per ticket than simple tickets. 
depending on the company these might be bundles of 
5 to 10 tickets. 

10 

Zapping 

This is a technological evolution of the pre-bought 
tickets, they are not conceptually different. It is a 
virtual wallet type of system, and usually is cheaper 
than the simple tickets. However, it does not have a 
daily limit to its use and can become very expensive. It 
is not available for all operating companies. 

3 5 114 

Intermodal 
tickets 

Tickets valid for a single ride, or daily, for more than 
one company. 

Own passes 
and 

Complements 

Own passes: These are monthly passes specific for a 
single company network, they might vary in price 
depending on whether they cover the full network or 
different lines. 
Complements: This type of ticket only exists for two 
operating companies (Sulfertagus and MTS). It is 
acquired as an ad-on to other existing passes, its 
duration matching that of the monthly pass it 
complements. These are not counted as an integrated 
tariff since they are essentially own passes. 

24 20 561 

Combined 
passes 

Monthly passes of two or more companies. The 
partner companies are responsible for defining price, 
network or geographical coverage and publication of 
information about the pass. 

22 19 716 

Intermodal 
pass 

This pass covers an area in and around Lisbon. It 
includes all operating companies within its 
geographical range except for two (MTS and Fertagus). 
It works on a zoning system, with a crown design 
centred in Lisbon, and has different tariffs for number 
of zones included 

39 25 33 

Total 100 100 2238 

In addition to this analysis the number of tariffs were organized by number of companies included, to 

assess the level of overall integration among existing tariffs. The level of integration was defined by 

number of transport operators included in the tariff, the tariffs unique to each operator were also 

counted, although the integration level in these cases is essentially non-existing.  

The data regarding tariffs was collected from the operating companies’ websites and reports from the 

regulating authorities. This research was made especially difficult by the absence of a unified 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

828



comprehensive platform which gathers this data for all companies. Companies are not compelled to 

publish tariff information online. For some companies this information is easy to find and interpret, but 

for some of the private bus companies operating on peripheral areas this information is either non-

existing or not transparent. 

4. Results and Discussion 

The analysis of reports from the transport authorities yields information on the most important tariff 

categories, regarding revenue creation for the companies and preference by passengers, as shown on 

Table 2. These do not include data for the companies Fertagus and Scotturb, since the companies did not 

report their data to the transport authority.  

As can be seen in Table 2, only 15% of passengers buy tickets (board, simple, pre-bought, intermodal or 

zapping) but these represent about 36% of revenue for companies, making these one of the main sources 

of revenue. AMTL (2011) reports that there is doubt about the reliability of the numbers provided by the 

transport operators. This is a persistent problem in the AML transport system: operators recurrently do 

not report timely information regarding service provided and reported data is often unreliable. 

Transported passengers count might be overestimated due to biased counting methodologies, or service 

level indicators that differ from the officially adopted. 

The total number of tariffs counted in Table 2 included special discounts for students, elderly and lower 

income families (social discounts). This number however, might not even be the real total, since the 

information about tariffs in the operators’ websites is often confusing, the coverage of the ticket hard to 

understand, and for at least three bus companies is hard to find any price information at all online. This 

is a prevalent problem in the AML transport system: lack of information. Information regarding 

functioning itineraries, schedules, and connection with other modes of transportation is not transparent 

or easy to find for most of the operating transport companies, which is one of the main barriers to 

attracting people to using public transportation in the AML. 

To assess the level of integration, tariffs were organized by number of transport operators participating 

in each tariff, as shown on Table 3. 

Table 3. Number of base and total tariffs by number of operator included. Adapted from: (Carris, 2018; 

CP, 2018; Fertagus, 2018; Mafrense, 2018; ML, 2018; MTS, 2018; Oeste, 2018; Rodoviária de Lisboa, 2018; 

Scotturb, 2018; TCB, 2018; TST, 2018; TT/SL, 2018; Vimeca, 2018) 

Number of operators 
included 

Number of base 
tariffs 

Total number of tariffs* 

9 3 13 

8 79 82 

7 1 4 

6 3 12 

5 1 3 

4 28 84 

3 43 128 

2 141 423 

1 690 1489 

Total 989 2238 
*These include the base tariffs plus the corresponding ticket with social discounts 
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The vast majority of tariffs have no integration, as can be seen in Table 3. Even integrated tariffs appear 

to have a very low level of integration, the majority including only two to three operators of the total 16 

within the AML. The increase in number of tariffs with eight companies is due to the zapping tickets, 

which are 78 due to Fertagus joining this ticketing system, but maintaining prices based on origin and 

destination tables.  The only tariffs that include nine operators correspond to the intermodal passes, 

showing that allowing operators to set combined and own passes with little to no regulation has only 

contributed to the increase the complexity of the transport system. 

5. Conclusions 

The Lisbon Metropolitan Area shows a clear prevalence of individual transportation in its modal split, 

with signs of this trend continuing to grow. This is not only a lack of will or awareness on the part of the 

citizens, but rather shows that the current transport system does not meet the needs of the users, and is 

not working as it should. The tariff system is far too complex to be easily understood by new users, or 

existing users off their normal commute.  

The lack of integration in this area is felt on many levels: information, tariff and network integration are 

needed to encourage a modal shift from personal car to collective transportation. The service level is 

poor, rush hours usually mean overcrowded vehicles; and because of traffic congestion bus services are 

unreliable, being stuck in traffic for long spells of time during rush hours. The lack of quality, reliability 

and intermodal connection in the AML are possibly the main deterrent for citizens doing long commutes; 

albeit usually more expensive, the car presents a comfortable, and sometimes faster, alternative to 

public transportation; the later requires several transfers and in addition to being uncomfortable, is 

unreliable.  

Although tariff integration is not the main problem with the transport system in the AML, it is a part of 

the problem which is quite obvious and easy to change, since there is an already implemented smartcard 

technology used in all operators in the AML. This means it is technically quite simple to create an 

integrated tariff system. The difficulty is partly economic: any major changes will upset the transport 

operators. And partly political: it would require the creation of a true Metropolitan Transport Authority 

empowered to manage the system, meaning that both central Government and municipal authorities 

would have to relinquish their authority over the public transit system (never an easy thing). 

As in many other cities, a universal tariff system would be divided by zones, on regressive tariff logic, 

not to penalize users that travel longer distances and have less transportation services available. All 

operating companies within the covered zones must be included in the system in order to achieve true 

intermodality and simplify the system to a more user-friendly interface. The revenue distribution matrix 

should be adjusted to service provided, and updated yearly in order to encourage the improvement of 

service level by the transport companies. 

The creation of this integrated tariff system should also be accompanied with legislation eliminating 

combined and own tariffs within the area of the integrated system. This however would necessarily 

change the revenue stream for the companies, since about 70% of revenue comes from the sales of 

simple tickets, own passes and combined passes. Changing to an integrated tariff system could increase 

the number of passengers using the system, thus increasing ticket sales, but the companies providing 

lower service levels would have a decrease in revenue, since they are currently compensated 

independently from service level. In order to maintain stability in the transport system a higher 

compensation level from public funds would be required. 
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The financing of this system should come from taxation of private car such as carbon tax, parking tariffs, 

tolls and other car-use associated taxes. The purpose of this is to encourage modal shift on the part of 

users, by penalizing car use and simultaneously increasing the quality of public transportation.  
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Abstract 

The following paper presents preliminary results obtained in the performance evaluation of four subsuperficial constructed 

wetlands at pilot scale in mature leachate treatment with emphasis on nitrogen removal. The wetlands were organized in two 

treatment lines: (1) a vertical flow wetland followed by a horizontal flow wetland and (2) two vertical flow wetlands in 

series. For mature leachate treatment each line was fed at a 173 L.d-1 rate. The wetlands were planted with a polyculture of 

the tropical plants Colocasia esculenta and Heliconia psittacorum in a random way and the support media used were 3/8” 

gravel and gross sand. Until now both treatment lines have shown similar behaviours and it is important to highligh that 

ammonia nitrogen that is the principal contaminant to treat has been significatively removed (40% approx.) considering the 

high loads the system has been exposed (490 kg.d-1 TAN). It is considered that the removal mechanisms of the ammonia 

nitrogen are the nitrification followed by a partial nitrification and nitration processes, due to the increase of nitrite and 

nitrate concentrations in the effluent, as well as the alkalinity consumption. 

Keywords: Biological landfill leachate treatment, Sub superficial constructed wetlands, ammonia nitrogen removal, mature 

leachate. 

 

1. Introduction  

It is well known that all human activities generate waste. This generation depends on several factors such as population, 

economic growth, urbanization and industrialization (Ghinea et al., 2016), and in the last decades the waste rate generation 

has dramatically increased in the entire world. Currently it is estimated that the Municipal Solid Waste (MSW) generation is 

1.9 billion tonnes per year in the world. The 70% of this waste is led to landfills and dumpsites, 19% is recycled or recovered 

and 11% is led to energy recovery facilities (University of Leads et al., 2018), evidencing that landfills and dumpsites are 

still the most used methods for the final disposition of MSW in the world, and Colombia is not the exception.  

According to Superintendencia de Servicios Públicos Domiciliarios (2015), 26.528 tonnes per day of solid waste are 

disposed in landfills, representing the 81% of the total solid waste generated by the country. However, from the 360 

disposition places existing in Colombia, almost the 50% are not authorized places (Departamento Nacional de Planeación, 

2016).  The amount of solid waste disposed in landfills has increased in the past 10 years, contributing to good disposal 

practices (Superintendencia de Servicios Públicos Domiciliarios, 2015); however, many other issues have been causing 

environmental concerns such as the end of the useful life of those landfills (González, 2008, Mendoza and Trujillo, 2004), 

the greenhouse gases production and the leachate generation in those places, the latter being one of the most critical issues in 

the solid waste management, because of the environmental and social impacts that it causes.  
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The landfill leachate can be defined as the combination of liquid produced by natural humidity and water present in the 

residue of organic matter, the result of the biological degradation of organic matter present in the landfill and by water 

infiltration in the covering and inner layers of landfill cells (Yao, 2017). The combination of physical, chemical, and 

microbial processes, transfer pollutants from the waste material to the percolating water (Christensen and Kjeldsen, 1989 

cited by Kjeldsen et al., 2010), giving the leachate different characteristics depending of the landfill, and becoming it in a 

very contaminated substance. Due to its compounds leachate is a potential pollution source and when it is not collected and 

treated correctly, it can cause severe environmental impacts such as the pollution of soil, groundwater and superficial water 

resources (Albuquerque et al, 2018). That is why this pollutant is considered a complex mixture of environmental and public 

health harmful compounds (Renou et al., 2008). 

Nowadays, there are many methods to treat the landfill leachate. The conventional treatments can be classified in three major 

groups: physical and chemical treatments (chemical oxidation, adsorption, chemical precipitation, coagulation/flocculation, 

sedimentation/flotation and air stripping); leachate transfer (recycling and combined treatment with domestic sewage) and 

biological treatments (aerobic /anaerobic treatments). The no conventional methods consist in the use of membranes, and the 

most used are the microfiltration, ultrafiltration, nanofiltration and reverse osmosis (Abbas et al., 2009, Renou et al., 2008). 

Despite there is a variety of leachate landfill treatments, the most of these technologies have some limitations such as high 

operation and maintenance cost, operational complexity, high energy requirements, etc., becoming in inaccessible 

technologies for many populations. For this reason, currently some alternative and more accessible technologies have been 

developed and applied and one of these technologies is the constructed wetland systems. 

Constructed wetlands are a biological and natural treatment for wastewater. These systems basically consist on a lagooning 

type, where inflow goes through a porous medium to be treated by microorganisms and plants that are sown in strategic 

points. Wastewater depuration process is done by all the present elements in each unit, such as support medium (gravel and 

sand), macrophytes plants and microorganisms (heterotrophic and denitrifying bacteria) (Serrano and Hernandez, 2008). 

In constructed wetlands the organic matter and nutrients are transformed by aerobic and anaerobic microbial processes as 

well as by sedimentation and filtration of particulate material. The anaerobic processes occur due to the organic loading and 

continuous saturation of the filtration bed, and the aerobic processes are restricted to small zones around to roots and 

rhizomes and in the surface layers where oxygen diffusion from the atmosphere may occur (Vymazal and Kröpfelová, 2009, 

EPA, 2000). 

Constructed wetlands comprise two types of systems, according to the level of flow through these or the type of plants that 

are used. Design variations for both types principally affect shapes and sizes to fit site specific characteristics and optimize 

construction, operation, and performance. Depending on the type of flow, there are two categories, the surface flow 

wetlands, in which the water level is above the level of the substrate and the water is transported in contact with the stems of 

the plants, and the wetlands of the sub surface flow consist of transporting water below the level of the medium of support, 

the latter is classified equally in two categories according to the direction of flow, whether horizontal or vertical. Regarding 

the type of plants that are used, it can be classified in systems with rooted or floating macrophytes (EPA, 2000).  

The following paper presents preliminary results of ammonia nitrogen removal of mature leachate from Navarro a closed 

landfill, located in Cali, Colombia, using sub superficial flow constructed wetlands with rooted macrophytes.  

2. Methods 

Research and experimental process were done in an open space inside of the Universidad Autónoma de Occidente 

wastewater treatment plant (Santiago de Cali, Colombia). The system consisted in four pilot-scale subsurface flow 

constructed wetlands separated in two different treatment lines and three storage tanks, two tanks for the influent (capacity 

of 5 m3 and 2 m3, respectively) and one for the treated effluent (capacity of 5 m3 ), as it can be seen in Figure 1 and Figure 2.  

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

834



 

Figure 1. Diagram of the treatment system. 

 

  

Figure 2. Photograph of the treatment system. 

The Vertical Subsurface Flow Constructed Wetlands (VSSF) were numbered as #1, #2 and #3 and the Horizontal Subsurface 

Flow Constructed Wetland (HSSF) was numbered as #4. 

As mentioned, the wetlands were organized in two treatment lines: (1) a vertical flow wetland followed by a horizontal flow 

wetland and (2) two vertical flow wetlands in series. The wetlands were planted with a polyculture of the tropical plants 

Colocasia esculenta and Heliconia psittacorum in a random way and the support media used were 3/8” gravel and gross 

sand. The dimensions of the wetlands are show in Table 1.  

Table 1. Dimensions of the constructed wetlands. 

Line Wetland 
Dimensions (m) 

Lenght Width High 

1 
Vertical SFCW #1 1,85 1,85 1,25 

Vertical SFCW #3 1,30 1,30 1,05 

2 
Vertical SFCW #2 1,85 1,85 1,25 

Horizontal SFCW 3,50 0,90 1,00 

 

During a period of six-months, each treatment line was provided with 173 L.d-1 of mature leachate from Navarro a closed 

landfill, located in Cali, Colombia as it was mentioned before. It is important to highline that in the first recollection and 

Influent

tank
Effluent

tank

Line No. 1

Line No. 2

Vertical SFCW #1 Vertical SFCW #3

Vertical SFCW #2 Horizontal SFCW #4

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

835



characterization of this leachate it was observed that the ammonium concentration was higher than the concentration found 

months ago when the design of the system was been developing. For this reason the system worked with a nitrogen load 

significantly higher than the planed load. The feeding of the system was semi-continuous; it means that the wetlands #1 and 

#2 had influent all the time, but the units #3 and #4 had influent determined number of times a day. 

In order to monitor all the system operation, one monitoring point was localized in each outflow of the tanks to collect an 

effluent sample and another monitoring point was localized in one of the influent tanks to recollect samples of the raw 

leachate. This way parameters as pH, temperature, DO (Dissolved Oxygen), COD (Chemical Oxygen Demand), BOD 

(Biological Oxygen Demand), TAN (Total Ammonium Nitrogen), nitrates, nitrites, phosphorus, alkalinity and Total 

Suspended Solids (TSS) were measured in the Environmental Sciences Laboratory facilities of Universidad Autónoma de 

Occidente. Each parameter was measured with the frequency and method show in the Table 2. Although the research process 

is still ongoing, in this paper it is possible to find results from the initial study months.  

Table 2. Monitoring of the control parameters of the treatment system. 

Variable Units 
Frequency 

(days per week) 

Reference  

technique* 

pH pH units 5 4500-H+ B 

Temperature ºC 5 2550-A 

Total alkalinity mg.L-1 2 2320-B 

Bicarbonatic alkalinity mg.L-1 2 2320-B 

COD mg.L-1 1 5220-D 

BOD5 mg.L-1 1** 5210 - B 

Total Suspended Solids (TSS) mg.L-1 1** 2540 D, E y G 

Total Ammonium Nitrogen (TAN) mg.L-1 2 4500-NH3
+- A, B, C 

Nitrites mg.L-1 2 4500- NO2
-- A, B 

Nitrates mg.L-1 2 4500- NO3
- A, B  

Phosphates mg.L-1 1 4500 - P- A, B, D 

Phosphorus mg.L-1 1 4500 - P- A, B, D 

Conductivity mS.cm-2 5 2520-B 

* American Public Health Association et al. (2005).  ** Frequency of one day per week each two weeks. 

3. Results and Discussion 

According to the physical-chemistry characterization periodically made to the leachate (see below Table 3), it is observed 

that the leachate has characteristic values of a mature leachate, for which have been reported a wide range of values that can 

vary between 100 and 50000 mg.L-1 for COD and 10 and 13000 mg.L-1 for TAN (Renou et al., 2008, Heyer and Stegmann, 

s.f.). These results were in accordance with to the expected, because the landfill Navarro was closed in 2008 and similar to 

other landfills of the country, for which COD concentrations have been reported between 1059 and 21656 mg.L-1 and TAN 

concentrations have been reported between 2,000 and 2,500 mg.L-1, for sanitary landfills between 11 and 20 years of age 

(González, 2008). 

The behaviour of COD and TAN in the influent and effluent is shown in Figure 3. The data showed that in terms of COD 

and TAN, there weren't significant differences in both treatment lines performance; nevertheless, Line 1 presented a 

tendency to present better quality of the effluent, with respect to Line 2.  

In terms of nitrites and nitrates, greater stability was observed in Line 2 (Figure 4). These results were according with 

observations of Yalcuk and Ugurlu (2009), in which research they compared the performance of vertical and horizontal flow 

wetlands, and found that vertical flow wetlands have better performance in terms of simultaneous reduction of organic 

matter and nitrogen removal, because the vertical flow of the water allows a greater utilization of the ammonium and 
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processes of reduction of the nitrite and nitrate; however, they may be susceptible to accumulating nitrites due to incomplete 

processes of nitrification or by a partial nitrification (López Castillo, 2008). 

Table 3. Results of the constructed wetlands´ monitoring. 

Variable 

Influent 

concentration 

(mg.L-1) 

Effluent concentration (mg.L-1) 

Line No. 1 Line No. 2 

Vertical SFCW #1 Vertical SFCW #3 Vertical SFCW #2 Horizontal SFCW 

COD 3589 ± 1457 (14) 2741 ± 1364 (29) 1870 ± 845 (29) 2832 ± 1611 (29) 2104 ± 940 (29) 

TAN 2919 ± 1285 (14) 1434 ± 1211 (26) 1177 ± 1134 (29) 1447 ± 886 (26) 1197 ± 958 (22) 

Nitrite 37,3 ± 36,4 (11) 73,8 ± 72,2 (29) 209,0 ± 178,2 (29) 159,7 ± 122,6 (29) 253,8 ± 141,6 (29) 

Nitrate 43,3 ± 49,1 (14) 19,1 ± 27,3 (29) 55,1 ± 62,1 (29) 18,3 ± 11,5 (29) 64,5 ± 64,7 (29) 

Phosphorus 107,1 ± 47,3 (14) 71,1 ± 26,2 (15) 41,9 ± 28,8 (15) 78,2 ± 30,6 (15) 55,3 ± 46,0 (15) 

Phosphates 34,7 ± 16,1 (14) 22,9 ± 8,1 (15) 13,6 ± 9,4 (15) 29,3 ± 17,5 (15) 18,1 ± 15,1 (15) 

Bic. Alk.  6596 ± 1717 (14) 4498 ± 1238 (29) 3333 ± 1879 (29) 4766 ± 1234 (29) 3316 ± 1397 (29) 

Total Alk. 7450 ± 1927 (14) 5059 ± 1388 (29) 3829 ± 2112 (29) 5340 ± 1331 (29) 3778 ± 1555 (29) 

TSS 434 ± 582 122 ± 51 (16) 100 ± 66 (16) 126 ± 30 (16) 98 ± 33 (16) 

(No.): Data number Bic. Alk.: Bicarbonatic alkalinity, Total Alk.: Total alkalinity 

 

Figure 3. Behaviour of COD and TAN in the influent and effluent. 

 

Figure 4. Behaviour of Nitrite and Nitrate in the influent and effluent. 

As mentioned, according to the nitrogen (ammonia, nitrites and nitrates) concentrations in the effluents of each unit, it is 

noted that in the wetlands were developed process of partial nitrification and nitration better known as SHARON process or 

Single reactor system for High Ammonium Removal Over Nitrite, which is generated in oxygen presence, high temperatures 
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and ammonia nitrogen loads (López Castillo, 2008). These conditions were observed during the operation of the wetlands. 

Another factor that can prove this hypothesis is the significant decrease of bicarbonatic ad total alkalinity (Figure 5), where 

the lowest concentrations were observed in the Line 2, that showed the highest concentrations of nitrite ( 253,8 ± 141,6  

mg.L-1 in contrast with the Line 1 that presented 19,1 ± 27,3 mg.L-1 at the end of the treatment line).  

 

Figure 5. Behaviour of alkalinity in the influent and effluent. 

About phosphorus and phosphates there was a high removal of these parameters (between 60 and 75 %), which it can be 

associated mainly with the use of phosphorous in the growth of vegetation. 

The overall results showed that in the two lines it is possible to obtain removal efficiencies of COD of 48% for Line 1 and 

41% for Line 2; removal efficiencies of TAN of 60% for Line 1 and 59% for Line 2 and removal efficiencies of Total 

alkalinity of 49 % for both lines (according con COD removal), values that are relatively lower than results obtained by 

Maehlum (1995) cited by Renou et al., 2008; although is according with the observation of EPA (2000), that mention that 

the high COD concentration can cause lower performance in the wetlands due to an inhibitory effect on the activity of 

macrophytes plants. 

4. Conclusions 

The preliminary results recorded until now postulate the subsurface constructed wetlands as an interesting treatment 

alternative for mature leachate where the ammonia nitrogen that is one of the biggest problems in this type of wastewater is 

effectively removed reincorporating to a biologic cycle instead of transporting to another environmental matrix. 

In this study there haven't been significant differences between the treatment lines in relation with the ammonia nitrogen 

removal that is the major parameter of interest and this is not in agreement with similar studies, possibly due to an inhibitory 

effect associated with high concentrations of COD and TAN that can interfere with the activity of macrophytes plants; 

nevertheless, COD and TAN reduction efficiencies (around 40 and 60% respectively) were achieved that allow to 

significantly reduction of the pollutant load of the leachates.  

According to the ammonia, nitrites and nitrates concentrations in the effluents of each unit, it is possible that in the wetlands 

were developed process of partial nitrification and nitration because the system presented conditions of oxygen presence, 

high temperatures and ammonia nitrogen that can promote the development of these processes. 
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Abstract 

Latin America is the most unequal region in the world and its integration in global value chains is mainly specialised in the 

extraction of natural resources and low manufactured production sectors. The expansion of middle classes and the occidental 

consumption model of high revenue groups contributes to an increasing pressure on ecosystems. The strategies of 

maximizing GDP growth in the short run in most Latin America countries results in weak political and economic systems, 

diminishing capacities of social integration and expanding the environmental and urban imbalances. The main objective of 

this paper is to propose a conceptual framework for the implementation of social-ecological transformation policies in the 

unequal and environmentally degraded Latin American societies. Our principal hypothesis is that only social-ecological 

transformation policies of the existing economic structures (consumption and production-energy patterns, distributional 

regimes) will make possible a transition to an equitable and sustainable welfare model in Latin American societies, 

advancing to the realistic strategic goal that all citizens have access to sufficient thresholds of well-being while ensuring the 

well-being of the new generations. The method used in this paper is to provide a set of basic economic, social, distributional 

and ecological indicators and well-being gaps and propose the main interrelationships between economic, social and 

ecological policies able to sustain transformations in the Latin American social-ecological systems to make them more equal 

and resilient. The result is the formulation of priority policy objectives and strategies to link social equality and 

environmental sustainability. This includes changes in consumption patterns and the distributive processes which articulate 

the profiles and capacities of satisfaction of needs, and in the interactions with the production systems and the energy and 

urban development models. The change of production systems is necessary to move from an accumulation pattern centered 

in natural resources and low productivity services towards production processes that combine the control of air, water and 

soil pollution with less carbon intensity, with the objective of decoupling economic growth and emissions with an energy 

production more intensive in the abundant renewable resources of the continent. The expansion of social services (mainly 

education, health, housing, transport and antipoverty networks) needs a new institutional framework and a sustainable 

productive base. It must include the intensification of value added by services to natural resource extraction (with more 

adapted information and communication technologies, automatization, traceability) and on policies of escalation of a 

sustainable elaboration of natural resources, in particular towards selective capital goods and mass consumption goods such 

as healthy food and housing equipment with local value added. The social appropriation of monopolistic, urban and natural 

resource rent extraction under new socially and environmentally conditions will be a central instrument for financing new 

green investment programs that ensures the social-ecologic transformation. These rents should be oriented to the productive 

reconversions and the expansion of the services that replace and compensate the restriction of the activity of the traditional 

extraction and carbon intensive sectors in the context of integrated productive districts and attention of urban and rural 

housing and social equipment needs. 

 

 Keywords: consumption pattern, production system, socioecological systems, extractivism, Latin America 

 

 

1. Introduction  

The Latin America region has a significant historical, social and cultural common background (Bértola and Ocampo 2013), 

contemporary processes of democratic consolidation and recent trends of decreasing inequalities and of poverty, but from 

very high initial levels. The population reached 646 million in 2017 and grows at 1% per year, with two children per woman, 

less than the world average (PHO, 2017). The urban population is 82%. The number of children under 5 who suffer from 

stunting, a leading indicator of poverty, decreased from 14 million in 1990 to 11 million in 2000 and to 6 million in 2014 

(WHO, 2017) and life expectancy at birth increased from 56 years in 1960 to 75 years in 2015 (World Bank 2017). By 2030, 

the Inter-American Development Bank (IDB, 2014) anticipates that the region will have 700 million inhabitants, of which 

500 million will integrate the middle income sectors. GDP will have doubled and poverty levels will be in decline. The 

region covers 16% of the earth's surface and contributes with 40% of the planet's biological diversity, seven of the 25 

treasures of the world's biodiversity, six of the 17 "mega-diverse" countries, 11 of the 14 terrestrial biomes (with uniform 

climax vegetation), the second largest reef system in the world, more than 30% of available freshwater resources and almost 

50% of the earth's tropical rainforest. 15% of the land is under protection. Some of the richest ecosystems in the region are 

the Amazon, the Pantanal, the Chaco, the Cerrado, the Tropical Andes, the Mesoamerican Reef, the Guyanese Shield, the 
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Great Caribbean Marine Ecosystem and the Temperate Rainforests of the Southern Andes. This unique source of resources 

generates important services for human life, with complex terrestrial, coastal, marine and freshwater ecosystems that host a 

great variety of birds, mammals, plants, amphibians and landscapes. This richness in biodiversity and ecosystems generates 

important benefits for human societies, such as food, shelter, drinking water, clean air, flood mitigation, control of diseases 

and pests, exceptional landscapes and sacred places. These benefits directly support sectors such as agriculture, fisheries, 

forestry and tourism, which together account for 15% of the region's GDP, 17% of its labor force and 50% of its exports, 

according to the IDB figures.  

 But socio-environmental strengths are threatened by the combination of unlimited accumulation of capital and weak 

institutions, with low capacity to contain the growing damage of ecosystem services, persistent social inequality and socio-

spatial and ethnical historical discrimination.  Are there alternatives to the continuity of these tendencies? We discuss the 

framework of a social-ecologic transformation as a possible alternative to the unequal and unsustainable growth pattern in 

most contemporary Latin American societies. 

2. Methods 

We intend to present a coherent approach for the transformation of the current concentrated and unsustainable market 

economy model in Latin America. We name that approach an equitable and sustainable plural economy as a mode of 

operation and regulation of production systems and distribution and consumption patterns, as well as production factors and 

good markets, predominantly oriented to obtain universal access to basic levels of well-being without compromising the 

well-being of future generations, with diverse productive supports. This means building an economy not univocally oriented 

to maximization of market production and short term profitability of concentrated capital. We conceive the equitable and 

sustainable plural economy approach as an application of the  framework of  social–ecological resilience (Steffen, Crutzen 

and McNeill, 2007) and social-ecological systems (Ostrom, 2007, 2009, ). Resilience is defined as the ability of a system to 

withstand perturbations and remain within the same stability regime (Holling, 1973). It’s a similar concept that social-

ecological systems robustness (Anderies, Janssen and Ostrom, 2004). This robustness must be evaluated considering the 

modes of production in which resource users extract resource units from a resource system and provide for the maintenance 

of the resource system, with the additional constraint of an equitable access to resources. This includes the goal of the 

satisfaction of basic needs for all human beings and minimize the inequality of social positions, according to governance 

rules and procedures in the context of related ecological systems and broader cultural-social- political-economic settings. 

Figure 1. Social Ecological Systems 

 

                              Source: Mc Guiniss and Ostrom (2014).  
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Thus, an equitable and sustainable plural economy is part of a social-ecological system (SES) in which the effectiveness in 

the use of resources is directly linked to the resilience of the ecosystem services and its reproduction capacity over time. As 

the most important part of non-resilient ecosystem interventions are linked not only with production and energy use systems 

but also to distributional and consumption patterns, robustness must include social equity dimensions. The equitable and 

sustainable plural economy approach is based on the presumption that humans and social groups can, through  individual 

and collective choices, make a significant difference in outcomes, with the necessary consideration of  unintended 

consequences and ultimate outcomes in action situations and interactions between social and institutional actors. The 

application of this SES based framework requires answering such questions as “What types of interactions and outcomes 

related to a particular resource system (or group of systems) and related resource units (or other relevant goods and services) 

are most relevant to my analytical or diagnostic concerns? What types of actors are involved? Which governance systems 

influence the behavior of these actors?” (Mc Guiniss and Ostrom, 2014). The factors included in the top-tier categories (RS, 

RU, A, and GS in Figure 1) are potentially both inputs to and outputs from one or more action situations.  

An example of the main interactions is the link between consumption, inequalities and emission reduction. Individual 

consumption is responsible for 64% of global emissions of greenhouse gases, while the remaining 36% is attributed to 

government consumption, investments and international transport. The per capita emissions of the world population is 

estimated in 2007 of 3.4 tons of CO2, the richest 10% of 17.6 tons of CO2, while the per capita emissions of the poorest 

50% of the world population they amounted to 1.6 tons of CO2. Therefore, the average per capita emissions of the richest 

10% are 11 times higher than the average emissions of the poorest 50%, and the total emissions of the richest 10% are 

almost five times higher than the total emissions of 50% more poor  (Oxfam 2015). The current priority (Giraud, 2017) must 

be placed in the changes in the consumption of the 70 million most privileged people in the world, mostly located in the 

North but also in the dominant sectors of the peripheral countries, as the richest centile on the planet emits on average 71 

tons of CO2, with an average annual income of 135 thousand dollars (at parity of purchasing power in 2014, according to In 

contrast, the poorest 50% emit only 10% of the greenhouse gases of anthropogenic origin. In order to evaluate the longer-

term prospects, it should be noted that if every human had the average world monetary income, the emissions would be 

slightly lower than the current ones. To achieve the goal of containing the increase in average temperatures by 2ºC compared 

to the pre-industrial level, current emissions of 52 Gigatonnes (Gt) of carbon equivalent in 2016 should be dropped to 42 Gt 

and 36 Gt in 2030 if we want to overcome 1.5ºC, although recent studies cited by the UN Environment indicate that the 

critical threshold to obtain is a reduction of 24 Gt emissions to avoid climate disasters. Since no form of government or 

global collective action is available, capable of establishing reduction quotas accompanied by possible transactions of 

greenhouse gas emission rights, the logic of national plans and commitments can only be followed for the time being. In a 

perfectly egalitarian society, with the current mode of consumption the problem of climate change would not be solved, 

which forces us to decarbonize the consumption-production mode. Today 70% of humanity lives with an income below the 

average, so that the initial effort must come from the remaining 30%, which shows how linked are the social and 

environmental processes since the most deprived population emits substantially less CO2 than the high income, from which 

must come the main effort of responsibility in consumption. An estimate of the magnitude of the challenge indicates that if 

one considers that in order to keep global warming below 2 ° C by 2050 per capita emissions must not exceed 2.1 tCO2 

equivalent an individual who eats meat and makes an air transatlantic voyage to year emits 2.4 tCO2e through these actions. 

These two fields are necessary forces of demand reduction (Wynes and Kimberly, 2017) together, with,  in their opinion, 

"the decrease in birth rate" and the non-use of individual cars. 

3. Results and Discussion 

Latin American democracies experience a generalized loss of prestige due to their low capacity for social integration and 

response to society's demands in a context of gradual increase in the average standard of living and the emergence of new 

middle classes. The cycle of commodity price increases of 2004-2013, the monetary transfer programs and higher labor 

regulations promoted by various governments at the beginning of the twenty-first century slightly lessened the inequality of 
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income, but it remains the highest in the world, according to the measurement methodology and the classification of World 

Bank regions (2016), and it is second only to the Middle East, according to the measurement methodology and the 

classification of the World Inequality Lab (2018). The wealth concentration according to the Crédit Suisse Global Wealth 

Databook (2017) maintains a substantial magnitude. Taxes on income and wealth remain low and property tax are almost 

non-existent, in a context of persistent broad structural productive heterogeneity and a strong social polarization with its 

aftermath of urban violence and illegal trafficking. The main environmental problems in Latin America are the loss of 

biodiversity, deforestation, erosion and salinization of soils, pollution of water by industrial, agricultural and domestic 

sources, the deterioration of coasts and the marine environment, as well as the urban environmental deterioration.  

Latin American responses have been diverse, according to the magnitude of weaknesses such as fragile public institutions, 

the lack of productive diversification, inequality of income and assets, cities with a disintegrated urbanization and social, 

urban and environmental services with low coverage and quality, together with an accelerated deterioration of ecosystems 

and their carrying capacity of deregulated human activity. Agricultural development is polarized between large intensive 

monocultures that use pesticides and fertilizers and the persistence of peasant agriculture whose productivity levels are low 

in the current market system. Frequently the settlements of the poorest are located in areas of high environmental 

vulnerability (streams and riverbanks, high slopes of mountains, areas gained to coastal ecosystems (for example in 

mangroves), locations whose vulnerability increases with the change climate. 

The deforestation of the Amazon is of particular importance, and it is approaching a point of "no return" if it exceeds 20% of 

its original area, according to Lovejoy and Nobre (2018). The deforestation of the Amazon has reached about 17% of its 

vegetation in the last 50 years. The Institute of Man and the Environment of the Amazon (2017) reports that only in Brazil, 

the Amazon has entered a period of deforestation greater than ever before in history, with monthly averages of forest loss 

between 50 and 300 square kilometers, 86% of which occurred in large private properties. The largest and most important 

lung in the world is in grave danger. The expansion of the agricultural frontier, the linkage of the region to the economy of 

global production chains with strong extractive components of natural resources and the absence of a rural reform containing 

the purely maximizing expansion of short-term profits from the agricultural frontier they are the most important causes. The 

reasons why exceeding the 20% limit would be a "climatic abyss" is that the Amazon produces about half of its own 

precipitation by recycling moisture as the air moves from the Atlantic, through South America and westward. This humidity 

feeds the Earth's water cycle and affects the dry seasons and the behavior of the rain in many countries of South America. 

Studies to date indicate that negative interactions mean that the Amazonian system will change to non-forestry in the east, 

south and center of the Amazon if deforestation reaches levels that impact 20-25% of the region. the severity of the droughts 

of 2005, 2010 and 2015, as well as the heavy floods of 2009, 2012 and 2014, which suggest that the entire system is 

oscillating, would be unrelated. In addition, large-scale factors, such as warmer sea surface temperatures over the tropical 

North Atlantic, also appear to be associated with changes in the land. 

The future of Latin America may include a continual worsening of social and ecological conditions or a collective effort to 

transform societies and their relationship to nature to obtain a better social well-being. The transformation of the economy is 

a central part of a possible transformation agenda. 

The principal linkages for a transformation process of the economy 

There is not a single mode of organization of the economy - which would be the expression of a natural order - but a set of 

coexisting forms of production and distribution (Laville, 2004). All contemporary economies, in the context of specific 

social-ecological systems, include multiple agents for profit and not for profit motivations, as well as mixed mechanisms in 

resource allocation. The dominant economic mechanism is increasingly the unlimited capital accumulation by concentrated 

for profit agents with high market power, leading to increasing income and wealth concentration and inequality and not 

reversible ecological damages. But this is not the only possible economic mechanism social-ecological systems can live 

with. An equitable and sustainable plural economy requires robustness to increase productivity in the use of resources 
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(value-added ratio/resources used) or reducing the intensity of the use of resources (relation use of resources/added value) to 

preserve them dynamically for the new generations and at the same time guarantee basic rights and effective equal 

opportunity for all society members. The sustainable use of resources must be considered in all phases of the product's life 

cycle: in its design, manufacture, use, end of life and recycling. The effective use of resources is only possible if individual 

and institutional consumers demand sustainable products, which makes social-ecological transformation an eminently social 

and cultural process, as well as income and wealth redistribution mechanisms are. A strategy of transformation towards an 

equitable and sustainable plural economy requires, therefore, strong democratic institutions with redistribution capacities and 

a strong scientific and technological development in the conception of sustainable goods and in their production process. It 

requires increasing the productivity of the use of resources (value-added ratio/resources used) or reducing the intensity of the 

use of resources (relation use of resources/value added) to preserve them dynamically for the new generations. The 

sustainable use of resources must be considered in all phases of the product's life cycle: in its design, manufacture, use, end 

of life and recycling. The effective use of resources is only possible if individual and institutional consumers demand 

sustainable products, which makes social-ecological transformation an eminently social and cultural process. Thus, the 

effectiveness in the use of resources is directly linked to a consistent consumption with forms and magnitudes of production 

coherent with the resilience of the ecosystem services in which it is sustained and that minimizes the emissions that endanger 

the ecological limits of the planet. The transformation strategy requires, therefore, a strong scientific and technological 

development in the conception of goods and their production processes with the objective that the flows of inputs and energy 

and their waste are sent to values such that the biosphere can assimilate them without damage to its reproduction capacity. 

The consequence of the above is that advancing to a plural, equitable and sustainable economy is equivalent to a 

restructuration of current concentrated market economies. One of the main objectives -with the means and incentives to 

obtain them- must be the relative and absolute decrease in financial and commercial parasitism, in the use of fossil fuels, in 

the economy of the superfluous and in the production of programmed obsolescence goods, in the urbanism that destroys 

well-being and community relations, and in pollution and depredations of ecosystems. And it must also include objectives - 

and the means and incentives to obtain them - of growth in the production of useful and durable goods necessary to meet 

human needs in conditions of decent and non-depredatory work in the biosphere, including the saving and de-

commodification of energy and the use of distributed non-conventional renewable energies, short production/consumption 

circuits and the circular economy. Special relevance in the social-ecological transformation has the circular economy led to a 

systemic approach of industrial ecology or ecology of productive systems. It is a set of production activities that work 

interdependently and in a network, with a spatial and temporal dimension of specific resource use and a coherence of their 

way of organizing work and its technical processes, such as a system where flows of matter, energy and information are 

exchanged with certain productive, social and ecological objectives. It deals with the redesign of the articulation of the 

systems of consumption of goods with its production based on zero programmed obsolescence and, rather, with the logic of 

repair and innovation based on replaceable parts and pieces and not on the complete replacement of the supports. This is not 

contradictory with the selective inclusion of these production systems in certain global production chains to take advantage 

of diverse economies of scale, with the objective of increasing national and local value added manufacturing, industrial 

employment and modern services production support.  

The systemic logic of social-ecological transformation places equitable well-being at the center of the new dynamics, which 

is largely linked to consumption patterns and their impact on environmental, productive and income structures. This requires 

changing the pattern of consumption from one based on waste of resources (typical of the consumption of prestige to which 

high-income and upper-middle-income sectors have access in Latin America), in industrial food and in the programmed 

obsolescence of goods, and at the same time in the frequent under consumption of essential goods by low-income social 

groups, towards one of equitable and ecologically responsible consumption. It is a historical necessity linked to the 

impossibility of generalizing the high income countries consumption patterns.  

This leads to discourage the consumption with low use value, lower the intensity of use of resources of many consumer 

goods and address the cultural and symbolic challenges that this implies from society, school, the media and families, 
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together with the stimulation of sustainable consumption, personal and family self-consumption and short production-

consumption circuits, central components of an equitable and sustainable well-being.  

The change of the consumption regime supposes a sustained action of regulation to promote the most frequent use of goods 

of long duration and of goods based on recycling, chaining a determination of the sphere of production from the sphere of 

consumption. This includes manufacturing rules that include facilities for partial repair and replacement of parts and pieces 

for the extension of useful life and expansion of maintenance and repair jobs, which has a long practice in the Latin 

American subsistence and informal economy. . On the other hand, the use of the tax instrument involves the differentiation 

of the rates of value-added taxes and other taxes on consumption, especially to discourage the use of the individual 

automobile, together with measures that have shown high efficiency in various cities such as the substantial increase in 

investments in public and non-motorized transportation, associated with penalizing the excessive use of the automobile. 

ECLAC (Galindo et.al., 2014) has reviewed the available evidence on the response sensitivities of energy demand. If the 

world average of the income elasticities of energy demand is 0.63, the estimated average for Latin America is much higher, 

of 0.92. The processes of decoupling the product's trajectory and energy consumption can only be addressed with changes in 

consumption practices. Price policies (including taxes that make certain consumptions more expensive) are insufficient if we 

consider that the world average price elasticity of energy demand is negative but low (-0.15), but it is extremely low in Latin 

America (- 0.014). The ability to influence the trajectory of consumption using, exclusively, the price mechanism (whose 

first environmental dividend, the decrease in consumption, is lower than the second dividend, that of the collection that 

allows financing public transport policies, for example) can’t replace direct regulations. 

Another necessary changes would be to reduce the amount of food that is wasted, in the stage previous to the consumption in 

the countries of less income and in the stage of consumption in those of high income. The United Nations Food and 

Agriculture Organization (FAO) estimates that between 30 and 40% of the food produced is wasted. Additionally, it is 

advisable to reduce the consumption of industrialized foods, with high caloric content and low nutritional value, and that 

children dedicate less leisure time to sedentary activities and that include the use of screens and have more physical activity, 

sports and active recreation. Solving this problem poses much more difficult challenges than the kind of successful public 

health actions of the last century, such as almost universal vaccination, the fluoridation of drinking water and the safety 

standards for automobiles. Although education is essential to combat obesity, it is not so clear if it will be enough in a food 

environment dominated by large corporations with huge resources and all the incentives to promote excessive consumption. 

It will be necessary to modify food behaviors regulate the decrease in the size of packaging of foods high in sugars and fats, 

make their labeling visible, prohibit their sale in schools and their neighborhoods and "set a consumption tax on all 

processed foods - not just sweetened beverages - and a compensatory subsidy for unprocessed foods. In the long run, low-

income families (who suffer the most from obesity) would be the most benefited. In the short term, any effect on income 

could be offset by larger transfers" (Rogoff, 2015). The priority challenge is to limit and make more expensive industrial 

food with addictive components that displaces the healthiest nutritional combinations typical of traditional Latin American 

cultures (although malnutrition still prevails in segments of the low-income population and in many indigenous populations, 

which require nutritional reinforcements) and produces malnutrition and obesity. Today it accompanies or replaces in the 

various Latin American societies the traditional malnutrition associated with poverty, with serious consequences for human 

health and well-being. The policies of regulation of advertising (preventing the one that induces unhealthy consumption of 

children) and food labeling (forcing not only to expose the composition of the food but to establish a clear and direct 

signaling of the high composition in calories, sugars and fats per unit, the institutional feeding of children in schools (forcing 

the exclusive use of healthy diets) and adults in their workplaces will have a decisive role to change the regime of 

consumption and act against the pandemic of obesity derived from malnutrition as a public health priority. 

On the other hand, the change towards greater effective equality of opportunities supposes in the first place acting on the 

appropriation of income (of natural resources and lack of competition in the markets), financial institutions and the 

organization of the salary relationship and its institutional codification . These three factors determine the fundamental 
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structure of income and constitute "inequality regimes" in terms of primary remuneration of income in economic activity 

(Boyer, 2010). Along with the redistribution of assets (as in the past the agrarian reforms) and the financing for access to 

them (with banking systems to promote new small-scale economic actors), the redistribution of income in magnitudes of 

sufficient significance is, in addition, a macroeconomic policy component that stimulates domestic demand and, in part, the 

demand for services and goods linked to peasant agriculture and other basic consumptions of distributed supply such as 

housing, a demand that stimulates the creation of employment for sectors with precarious income. 

The change of production system and energy use, understanding that both dimensions are not possible to separate, is 

proposed to move in Latin America from a hyper-specialized accumulation pattern, reducing biodiversity, concentrated in a 

few export products (with exception of the most elaborated export offer in Mexico and Brazil) and based on the prevalence 

of short-term private profitability without sufficient control of the contaminations and negative externalities it generates, 

towards production processes that combine the control of air pollution, water, soils (especially the indiscriminate use of 

phytosanitary products, pesticides and herbicides to the detriment of biological control allowed by biodiversity) and urban 

spaces, lowering carbon intensity, the intensification of value added by services to production (creative services in based on 

information and communication technologies, to automatization, traceability, certifications), the escalation of the sustainable 

elaboration of natural resources and the sectorial diversification (in particular towards certain capital goods and certain 

goods of non-traditional mass consumption, such as healthy foods and housing equipment). 

The social appropriation of the monopolistic, urban rents and of extraction of natural resources in socially and 

environmentally relevant conditions will be a central instrument of financing of the investment programs for social-

ecological transformation in the context of fiscal policies that stabilize the macroeconomic cycles constituting with the 

income of compensation funds in the cycle and to direct them to the productive reconversions and the expansion of the 

services that replace and compensate the restriction of the investment and activity of the traditional extractive and carbon 

intensive sectors. Productive reconversions should seek to expand the manufacturing added value with renewable energies 

and the use of services to production that substantially reduce the carbon footprint, in the context of territorial productive 

districts with a vocation for productive diversification. Little sense has a short-term public appropriation of rents, by 

definition cyclical, and eventually use them to sustain the expansion of public services and redistributive systems via 

transfers, whose financing must be expanded with a more progressive taxation of property, income and consumption, so that 

they do not depend so directly on the price cycles of exported raw materials. 

The challenge is also the substitution of the extractivist production system, based on a type of exploitation of natural 

resources in large volume or high intensity oriented essentially to be exported as raw materials without processing, or with 

minimal processing. It is an exacerbated and concentrated extraction system, which in Latin America has been applied in 

activities such as mining, hydrocarbon production, large-scale agro-business and for export, accompanied by the 

development of sun and beach tourism and of urban real estate financialization. Its principle of operation consists of 

obtaining all the possible extraction in the shortest periods, without taking into account the environmental and social impacts 

caused by these activities. It is possible to get out of the exacerbated extraction system, building the necessary checks and 

balances so that the investments respond to the public interest, especially through the capture and redirection of income in 

the national economic and social fabric and that of the communities in which they are located. The extractive activity must 

stop being based on private self-regulation, and submit to the rhythms and productive modalities that preserve the 

environmental, social, territorial and cultural balances. A part of it must be replaced based on a progressive productive 

diversification through a strong investment in appropriate science and technology as part of the strategy to add equitable and 

sustainable value, supported by investment plans for social-ecological transformation.  

Agricultural activity is responsible for more than 50% of the emission of greenhouse gases (GHGs) in the region. It is a 

subject that would require special attention. In the transformation of agricultural ecosystems (for food crops and livestock) 

there are great potentials to face at the same time various socio-environmental problems: reduce GHG emissions; capture 
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GHG (agricultural techniques that lead to the increase of biomass); improve the use of water (agriculture consumes 70% of 

it); reduce the use of agrochemicals (thus fighting the imbalance of the phosphorus and nitrogen cycles, decreasing the 

contamination of soil and water sources and reducing the expenditure of fossil energy for the production of nutrients); 

strengthen the biodiversity of agroecosystems as a support for agricultural activity (natural pest control, resilience to climate 

change) and the protection of flora and fauna species. The transformation of agricultural ecosystems through very diverse 

roads is today suggested as one of the strategies with the greatest potential to enrich ecosystem services. This includes 

precision agriculture, eco-efficiency, conservation agriculture, organic agriculture and sustainable intensive pastoral systems.  

The principal actors 

The plural, equitable and sustainable economy is articulated with five logics of allocation of resources and production-

consumption and their respective institutional supports: 

a) the decentralized production of goods and services by a social and solidarity economy, which is called upon to provide a 

significant part of employment, inserted in local networks of reciprocity or totally or partially immersed in market 

transactions, which its development must have access to credit provided by public entities, distribution circuits and subsidies 

that compensate for its ability to produce social integration through employment, its activity of providing services to the 

most vulnerable people and the revitalization of local economies; 

b) the decentralized and deconcentrated production of goods and services by competitive companies, of different sizes and 

articulation in productive systems, with the purpose of valuing the invested capital, without excluding possible purposes of 

general interest that their owners could define or that the regulations public could determine, but able to produce efficiently 

taking advantage of economies of scale and embedded in domestic and global markets. Its profits must pay taxes and its 

activity must be subject to the rules of minimization of pressure on natural resources and decarbonization of productive 

processes, decent work, generalized collective bargaining of wages and working conditions and antitrust rules, together 

shareholdings of collective funds of workers that give rise to influence on management and forms of economic democracy, 

in a context of close financial regulation and access to credit for smaller scale companies through specialized public and 

private entities; 

c) the planning of the public provision of collective consumption goods and services (ie public goods such as security, 

knowledge, infrastructure and equipment that make up the use of the territory, or of commercial goods and services but that 

the society decides to fully or partially de-commodify because they have strong positive externalities (education, culture, 

health, innovation), which must be subject to free or partially subsidized access as long as they are useful to society and to 

the protection of nature that the market does not provide or Its socialized provision must then be made through companies 

and administrations (with local and community participation when possible and eventually private production with or 

without profit, as the case may be, and tendered when it minimizes costs to the community and offers externalities). positive 

learning). 

d) the institutionalization of replacement income against unemployment, sickness, old age (financed mainly by contributions 

based on labor and capital income), and universal distribution of basic income available to all (financed by general taxes) ), 

especially in the face of a tendency of a fall in the creation of salaried employment -from where the majority of the 

population derives its income and the link with social protection- in capital-intensive market economies, given the 

technological changes in course, and that leads to an inevitable process of "great transformation" of traditional employment 

with a focus on services, less intensive in the use of natural resources; 

e) the protection of the common goods and the services of the supporting ecosystems (the biophysical processes of soil 

formation or the nutrient cycle); of supply (food, water, fibers, part of the medicines); regulation (climate, water cycle, 

erosion control, pollination) and cultural and aesthetic (beliefs, religious and recreation). 
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The social and solidarity economy is called to expand in the plural economy - that is, with agents with diverse motivations 

that interact with each other - that postulates the social-ecological transformation. The first principle of the social and 

solidarity economy states that each participant integrates associative economic units not according to their contribution of 

capital but according to their association as a person to this activity. The second principle establishes that part of the product 

of the common company can’t be distributed to the associates: the company is endowed with its own capital that allows its 

autonomous existence. The third principle establishes that the object of the association is not the gain of its members, 

although it assures them a greater well-being by participating in a common initiative that breaks the isolation and an income 

(except in the case of volunteering, often very important in this type of initiatives), but the project that develops. The 

associative company may have a surplus, but reinvest it in its social purpose. This third rule, combined with the second, 

makes specific to the social economy within the mercantile economy. There are forms of associative and social production 

that are both commercial and subsidized at the same time, financed by the individual who consumes his fruits and by public 

subsidies. In certain cases, its commercial nature is manifested when selling goods and services to its members or to non-

members. What distinguishes it is that it does not act in order to maximize the profit to be obtained, but rather the project 

that it develops. It can be subject to public subsidy, in whole or in part, under the modality of direct employment or 

subsidized associative micro-entrepreneurship. The non-retributive part of the product of the joint venture can’t be reverted 

to the associates, which allows its autonomous existence for social purposes, although it allows them greater welfare by 

participating in a common initiative that breaks the isolation and an income (except in the case of volunteering, often very 

important in this type of initiative). These projects of the entities of the social and solidarity economy can be a great 

demonstrative support of the reorientation to the industrial ecology and the change of consumption patterns. 

The social division of labor that determines the insertion of women in the productive sphere and in the reproductive sphere, 

in the field of commercial exchange and in the field of attention, care and reproduction of human beings, explains a decisive 

part of gender inequities. The "care economy" deals with this space of activities for the production of goods and services 

necessary for daily reproduction in human societies that allow people to eat, educate, be healthy and live in a satisfactory 

environment. The care economy is based today on the unpaid work of women and on costly activities in time and energy 

expenditure. The care economy is called to stop being in Latin America almost exclusively feminine and to integrate, with 

public subsidies, to the circuits of the social and solidarity economy the services to the childhood and to the elderly people 

(especially with loss of autonomy ) or with different capacities and the integrating services of the communities, according to 

the variety of capacities / needs of each territory, community and local government in the context of social employment 

programs for giving monetary value to unpaid work. In addition, laws that sanction harassment and discrimination of gender 

or sexual orientation should be made effective and gender wage equality should be specified in the shortest terms. The 

interaction between the care economy and the greater integration of women into formal employment should be accentuated. 

as well as the equal integration of women into political and administrative positions and in companies and productive 

activities. 

The role of the social and solidarity economy can be interpreted from the historical view of Fernand Braudel, (1979) who 

maintains that there was a progressive articulation between "three floors" in the various world-economies. In the first place, 

this author situates the material life, that of exchanges that make the link between production and consumption, with a good 

subsumed proportion in self-consumption; secondly, economic life, marked by an economy with markets that organize 

production and direct consumption with two types of exchanges: those of regulated trade and competition regime typical of 

internal markets, on the one hand, and actors of concentrated capitalism that seek to avoid the rules of competition and is 

characterized by maximizing profits by obtaining unequal exchanges based on different forms of monopoly. Braudel defines 

capitalism in this last space, which uses both the previous organization of decentralized markets and the maximum possible 

state support in its accumulation activity. Capitalism is understood as a superstructure erected on the whole of the 

construction of material and economic life, a "third floor" in which concentrated productive and financial capital 

predominates and which systematically tries to escape from market competition to obtain income from monopoly. 
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This historical approach to the economy of flats aims to remain "a model, an observation guide for the present time", while 

suggesting that historically there is no irreducible tendency to homogenize economies under one form of existence, that of 

the "third capitalist floor" of maximization of monetary profits as the engine of society. In this sense, the policies of 

revaluation and expansion of the social and solidarity economy as an activity based on general interest, social and ecological 

purposes and that work with organizations totally or partially non-profit, can be understood as a new first floor of a an 

equitable and sustainable plural economy, together with a second floor of decentralized and deconcentrated market 

exchanges regulated in the conditions outlined above and in the framing of the financialized and globalized third capitalist 

floor through the progressive expansion of national and regional policy spaces. 

The financing of public expenditure, on the other hand, must come from a tax system that combines progressive direct taxes 

on income, capital, real estate and inheritance, as well as taxes on income from financial activity and income. the 

exploitation of natural resources whose private appropriation has no justification, together with indirect taxes on 

consumption (added value), packaging, impact on resources or the carbon footprint, as well as on imports to correct price 

distortions. Its regressivity from the point of view of income can be moderated by differentiation of rates according to the 

mass of consumption of the products, while this taxation can contribute to saving and make more expensive goods more 

intensive in the use of natural resources and in carbon footprint and eventually contracting your demand (first "ecological 

dividend"). If this were not the case, the collection can be used as a "second dividend" to finance the reduction of negative 

externalities, such as public transportation. The eco-taxes make the polluter pay, and in certain conditions the company that 

offers polluting products. Conversely, the reduction or elimination of consumption tax on clean and / or essential goods can 

stimulate their production by decreasing their price. Together with a new fiscal policy, an instrument to reinforce the 

productive reconversion and the use of energy is the redirection of an important part of the banking and financial systems so 

that they contribute not only to the financing of the energy transition but also to the economic agents present in the short 

circuits of healthy production / consumption (that articulate in social and geographically close spaces the provision of goods 

and services to satisfy daily needs of the communities) and in the circular economy (which use, repair, disassemble and 

recycle material resources used in the production of goods). These are factors of preservation of biodiversity and ecosystem 

services with replacement capacity as an alternative to the financialization of real estate in the large cities and rural 

territories of Latin America and the Caribbean. 

4. Conclusions 

The sequence we propose for a social-ecological transformation in Latin America towards a more robust and equal socio-

ecological system, involves moving from the conventional development approach that seeks maximizing the GDP growth, 

which would generate income distributed according to the marginal productivity of the participants in the economy, which in 

turn would maximize total welfare, with limited redistributions ( because they supposedly alter the optimal allocation of 

resources that would come from free market interaction on a national and global scale) and focused on the poorest. On the 

other hand, here it is understood that we must start from the way of thinking and living the relationship between society and 

nature and the conception of time typical of Latin American cultures, systematically expand the welfare of the majority in a 

context of strengthening responsible consumption, sustain a consistent economic deconcentration and income redistribution, 

expand the provision of public goods, systematically preserve common goods, increase productive activity and employment 

using innovative production services, aim for an intelligent insertion in global value chains and production for local 

economies that increase manufacturing value added and at the same time strengthen the social and solidarity economy and 

the care economy by radically rationalizing the use of the territory and advancing to smart cities with integrated urban 

services, processes aimed at increasing the resilience of services ecosystems and lower the carbon footprint and other factors 

that affect the transgression of the planetary limits of human activity. The diverse dimensions of well-being are to be 

included in the new metrics that will serve as the basis for the processes of ecological social transformation. Economic 

growth, or per capita GDP, does not take into account the growing local and global environmental costs associated with the 

expansion of productive capacity and market transactions, and even less the negative alteration of the qualitative dimensions 
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of human life, the effect collateral of a disjointed and conflicted society subject to inequality, bad living and mistrust. Nor is 

development that is associated only with GDP growth an end if it is not put at the service of the "equitable and responsible 

quality of life" of society as a whole. The new metrics must combine monetary dimensions and flows and physical stocks, 

and, therefore, abandon the claim of uniqueness (such as per capita GDP) that strives to reduce economic activity to 

monetary flows. They should turn to the diagnosis as accurately as possible of the gaps in the selected spheres of well-being. 

The expansion of national accounts that consider the decrease in the monetarily valued stock of resources associated with the 

measurement of the production flow will be useful, but necessarily complemented by the main physical indicators of 

resource use and decrease-expansion of the natural heritage and the configuration of the territory, as well as the indicators of 

health and educational outcomes and their distribution, insofar as they influence the quality and living conditions of the 

population. 
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Annex: Principal Indicators  

Table 1: Economic and Demographic Indicators in Latin America and the Caribbean 

Countries 
Population 2016 

millions 
% of World 

GDP ppp 2016 
GDP per person 
ppp 2016  US$ 

Government 
Incomes (% 
GDP) 2016 

Unemployment (%) 
2016 

R+D 2005-
2014 (% 

GDP) 
Export Concentration 

Index 2014 

Advanced (39)       1.059,955  41,3 47.533 36,1 6,2 2,5 (Ocde) .. 

    
     

  
Latin America and the 
Caribbean (23) 621,986 7,7 15.487 26,8 7,5 .. .. 

    
     

  
Mexico and  Central 
America 168,857 2,3 .. .. .. .. .. 

Belize 0,376 0,003 
8.329 

28,8 8,0 .. 0,158 

Costa Rica 4,909 0,066 
16.258 

14,1 9,3 0,6 0,536 

El Salvador 6,340 0,045 
8.623 

18,8 7,0 0,1 0,212 

Guatemala 16,582 0,109 
7.945 

11,0 .. 0,0 0,132 

Honduras 8,190 0,036 
5.288 

27,1 6,3 .. 0,235 

México 122,273 1,966 
19.356 

24,6 3,9 0,5 0,131 

Nicaragua 6,150 0,028 
5.540 

25,2 6,2 .. 0,221 

Panama 4,037 0,080 
23.995 

20,4 5,5 0,1 0,167 

South America 418,255 5,3 .. .. .. .. .. 

Argentina 43,600 0,730 
20.156 

35,1 8,5 0,6 0,186 

Bolivia 10,896 0,065 
7.229 

33,2 4,0 0,2 0,474 

Brazil 206,102 2,619 
15.295 

30,5 11,3 1,2 0,147 

Chile 18,192 0,363 
24.005 

22,6 6,5 0,4 0,334 

Colombia 48,748 0,573 
14.138 

25,1 9,2 0,2 0,459 

Ecuador 16,529 0,153 
11.144 

30,7 5,2 0,3 0,500 

Guyana 0,768 0,005 
7.874 

28,1 .. .. 0,424 

Paraguay 6,855 0,053 
9.387 

25,1 6,0 0,1 0,335 

Peru 31,481 0,338 
12.918 

18,6 6,7 .. 0,227 

Surinam 0,575 0,007 
14.539 

17,5 9,6 .. 0,484 

Uruguay 3,480 0,062 
21.395 

29,5 7,9 0,3 0,215 

Venezuela 31,029 0,361 
14.016 

17,1 20,6 .. 0,760 

Caribbean 33,764 0,2 .. .. .. .. .. 

Cuba 11,476 s/i .. .. .. 0,4 0,225 

Haiti 10,848 0,016 
1.784 

18,6 .. .. 0,499 

República Dominicana  10,075 0,135 
16.071 

14,8 5,5 .. 0,178 

Trinidad y Tobago 1,365 0,036 
31.770 

22,7 4,0 0,1 0,371 

Sources: IMF and UNDP. 
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Table 2: Social Indicators in Latin America and the Caribbean 

Countries 

Life 
expectancy 
2015 (years) 

Child Mortality 
2015 (per 
thousand) 

Expected 
years of 

education 
2015 

Young people out 
of school and 

jobless (%) 2010-
14 

Rate of 
homicides  (per 
100 thousand 

persons) 2010-
14 

Pension 
coverage (% of 

old age persons) 
2004-13 

OECD  80,3 5,9 15,9 15,0 3,3 87,0 

    
    

  

Latin America and the Caribbean 75,2 15,1 14,1 19,5 21,6 59,6 

Mexico and Central America   
    

  

Belize 70,1 14,2 12,8 27,9 34,4 64,6 

Costa Rica 79,6 8,5 14,2 17,8 10,0 55,8 

El Salvador 73,3 14,4 13,2 5,7 64,2 18,1 

Guatemala 72,1 24,3 10,7 29,8 31,2 14,1 

Honduras 73,3 17,4 11,2 41,4 74,6 8,4 

México 77,0 11,3 13,3 20,0 15,7 25,2 

Nicaragua 75,2 18,8 11,7 .. 11,5 23,7 

Panama 77,8 14,6 13,0 17,6 17,4 37,6 

    
    

  

South America   
    

  

Argentina 76,5 11,1 17,3 18,6 7,8 90,7 

Bolivia 68,7 30,6 13,8 s/i 12,4 100,0 

Brazil 74,7 14,6 15,2 19,6 24,6 86,3 

Chile 82,0 7,0 16,3 11,8 3,6 74,5 

Colombia 74,2 13,6 13,6 22,0 27,9 23,0 

Ecuador 76,1 18,4 14,0 3,8 8,2 53,0 

Guyana 66,5 32,0 10,3 .. 20,4 100,0 

Paraguay 73,0 17,5 12,3 12,3 8,8 22,2 

Peru 74,8 13,1 13,4 15,3 6,7 33,2 

Surinam 71,3 19,0 12,7 .. 11,5 .. 

Uruguay 77,4 8,7 15,5 20,5 7,8 76,5 

Venezuela 74,4 12,9 14,6 19,2 62,0 59,4 

    
    

  

Caribbean   
    

  

Cuba 79,6 4,0 13,9 .. 4,7 .. 

Haiti 63,1 52,2 9,1 .. 10,0 1,0 

República Dominicana  73,7 25,7 13,2 21,3 17,4 11,1 

Trinidad y Tobago 70,5 18,2 12,7 52,5 25,9 98,7 

Fuente: PNUD. 
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Table 3: Distributional and Gender Indicators in Latin America and the Caribbean 

Countries Palma Index (10/40) 2010-15 Gini Index 2010-15 Gender Inequality Index 2015 

OECD  .. 31,8  0,19 

  
 

(2014)   

Latin America and the Caribbean .. .. 0,39 

  
  

  

Mexico and Central America 
  

  

Belize .. .. 0,38 

Costa Rica 3,0 48,5 0,31 

El Salvador 2,0 41,8 0,38 

Guatemala 3,0 48,7 0,49 

Honduras 3,4 50,6 0,46 

Mexico 2,9 48,2 0,35 

Nicaragua 2,7 47,1 0,46 

Panama 3,4 50,7 0,46 

  
  

  

South America 
  

  

Argentina 2,1 42,7 0,36 

Bolivia 3,0 48,4 0,45 

Brazil 3,5 51,5 0,41 

Chile 3,2 50,5 0,32 

Colombia 3,9 53,5 0,39 

Ecuador 2,5 45,4 0,39 

Guyana .. .. 0,51 

Paraguay 3,5 51,7 0,46 

Peru 2,3 44,1 0,39 

Surinam s/i .. 0,45 

Uruguay 2,0 41,6 0,28 

Venezuela 2,8 46,9 0,46 

  
  

  

Caribe 
  

  

Cuba .. .. 0,30 

Haiti 6,5 60,8 0,49 

República Dominicana  2,7 47,1 0,47 

Trinidad y Tobago .. .. 0,32 

Fuentes: PNUD, Banco Mundial y OCDE. 
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Table 4: Environmental Indicators in Latin America and the Caribbean 

Countries 
Renewable Energy 

Consumption (%) 2012 

CO2 
Emissions per 
person (ton) 
2013 

Emission 
change 1990-

2013 (%) 
Forests (% 
total area) 

Forests 
change 1990-

2015 (%) 
Bio capacity per 
person 2014 gha 

Ecological 
footprint per 
person 2014 

gha 

OECD 10,4 9,7 -0,5 31,3 1,5 .. .. 

            
 

  
Latin America and the 
Caribbean 26,3 3,0 1,6 46,3 -9,4 .. .. 

Mexico and Central 
America           

 

  

Belize 26,8 1,5 -0,4 59,9 -15,5 4,0 5,2 

Costa Rica 38,6 1,6 2,3 54,0 7,5 1,6 2,5 

El Salvador 34,0 1,0 3,5 12,8 -29,7 0,6 2,0 

Guatemala 66,2 0,9 2,0 33,0 -25,4 1,0 1,8 

Honduras 53,4 1,2 3,5 41,0 -43,6 1,7 1,7 

México 9,4 3,9 0,3 34,0 -5,3 1,2 2,5 

Nicaragua 53,1 0,8 1,0 25,9 -31,0 2,2 1,5 

Panama 22,9 2,7 3,9 62,1 -8,4 2,9 2,3 

            
 

  

South America           
 

  

Argentina 8,8 4,5 1,1 9,9 -22,1 6,7 3,7 

Bolivia 28,0 1,9 3,8 50,6 -12,8 16,5 3,1 

Brazil 43,6 2,5 2,5 59,0 -9,7 8,9 3,1 

Chile 30,3 4,7 2,8 23,9 16,2 3,4 4,1 

Colombia 26,3 1,9 0,5 52,7 -9,2 3,7 1,9 

Ecuador 13,4 2,8 2,3 50,5 -4,4 2,1 2,0 

Guyana 36,1 2,5 2,1 84,0 -0,8 68,8 2,9 

Paraguay 62,7 0,8 1,8 38,6 -27,6 10,4 3,7 

Peru 28,2 1,9 2,9 57,8 -5,1 3,8 2,3 

Surinam 19,4 3,9 -0,5 98,3 -0,6 88,2 3,6 

Uruguay 46,4 2,2 2,4 10,5 131,3 10,3 3,0 

Venezuela 11,2 6,1 0,0 52,9 -10,3 2,7 3,3 

            
 

  

Caribbean           
 

  

Cuba 18,9 3,5 0,4 30,1 56,9 0,8 1,9 

Haiti 83,1 0,2 2,2 3,5 -16,4 0,3 0,7 

República Dominicana  13,2 2,1 2,3 41,0 79,5 0,6 1,6 

Trinidad y Tobago 0,3 34,5 4,0 45,7 -2,6 1,6 6,7 

Sources: UNDP and Global Footprint Network.  
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Abstract 

This paper reviews the nexus between energy consumption and economic growth, and identifies causal relationships. In 
contrast to most of the literature in the field, this review focuses primarily on the city-level relationship between energy 
and economy. A country-level understanding of the relationship was reviewed in order to find context for the city-level 
investigation. Despite the fact that there is a widely recognised positive correlation of energy consumption with economic 
growth, there is no established consensus on the correlation coefficient or magnitude of relationship between energy 
consumption and economic growth, and there is limited understanding of the causal mechanisms responsible. This review 
identifies energy intensity, energy cost share and energy return on investment as useful metrics for understanding the 
relationship between energy consumption and economic growth. Furthermore, it provides an increased understanding of 
economic development and its influence on the growth of cities in the context of sustainable development. While increasing 
energy consumption will further economic development and city growth, there is an increasing need to decouple resource 
consumption and environmental impacts from increased energy consumption. This paper identifies and discusses various 
key focus areas (energy efficiency, decoupling, and the unrecorded economy) and their impacts on the energy-economy 
nexus and discusses their relevance for the sustainable development of cities. 

Keywords: energy transitions, cities, economy, energy planning, policy 

1. Introduction  

The relationship between energy consumption and economic growth and its importance for energy policy has been 
highlighted by Karanfil (2009): ”The implementation of economically efficient energy policies and the prediction of the 
impacts of various energy and economic policies require an understanding of which of these variables causes the other.” 

The causality between energy consumption and economic growth is then well studied in the energy-economics literature 
(Karanfil, 2009; Ozturk, 2009). Different studies have focussed on different countries and time periods  (Aucott and Hall 
2014; Arshad et al. 2016). Most of the studies on the energy-economy nexus are aimed at informing national energy policy 
(Ozturk, 2009; Apergis and Payne, 2010). However, very few studies investigate the energy-economy relationship on a 
city level. This paper focuses primarily on the urban understanding of the energy-economy nexus through a study of cities. 

As recognised in many studies, the majority of the world’s population now live in cities, where quality of life and 
environmental concerns undermine all advantages associated with agglomeration economies (Grubler et al., 2012). The 
pressures and potentials to find ways to reconcile economic growth, well-being, and the sustainable use of natural resources, 
will therefore be greatest in cities (Swilling et al., 2013). Since cities each have different characteristics, understanding 
how an individual city functions may facilitate interventions for a smoother transition towards a sustainable city.  
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In order to ensure economic growth throughout the transition to sustainable cites, it is thus vital to understand the causality 
and dynamics between energy consumption and economic growth at a city level. A literature review was conducted to 
investigate the linkages and causality between energy consumption and economic growth, in order to explore how energy 
transitions can drive economic growth. The outcomes from the literature review led towards an understanding of the current 
state of the energy-economy nexus in cities. The outcomes are the discussed, and the paper rounds off with a conclusion 
and recommendations for practitioners in the field. 

2. Energy-Economy Nexus 

In general, mainstream economists neglect the idea that high energy prices can cause economic decline or stagnation. It is 
frequently argued that energy costs are small compared to other expenditures that make up GDP (e.g. consumer spending, 
which makes up about 70%), which makes them insignificant (Aucott and Hall, 2014; Heun et al., 2017). This view ignores 
the importance of energy as a multiplier of economic growth and development. Energy is a domestic necessity and also a 
factor of production (enabling a variety of services such as transportation, heating, and food production), whose price 
directly affects the price of other goods and services. If the price of energy increases, almost everything costs more, and 
this ripples through the economy. 

Mainstream economic thinking has not identified energy as a primary factor of production (Stern, 2011; Aucott and Hall, 
2014; Heun et al., 2017). Resource economists have developed models that incorporate the role of energy in the growth 
process, but these ideas remain isolated in the resource economics field (Stern, 2011). However, there is a lack of consensus 
on the causality between energy consumption-economic growth, and electricity consumption-economic growth (Ozturk, 
2009). These conflicting results may arise due to different data sets, countries’ characteristics, variables used and different 
econometric methodologies have been used. However, an important conclusion on the relationship between electricity 
consumption and economic growth for the country-specific studies were drawn, which is that the causality is from 
electricity consumption to economic growth. Consequently, it is found that electricity is a limiting factor to economic 
growth and, hence, reductions in electricity supply will have a negative impact on economic growth (Ozturk, 2009). 

2.1 Energy Cost Share 

Recently, the impact of energy cost share on economic growth has received attention in the literature (de Wit et al., 2013). 
The components of energy cost share in a given time period (CS) are: energy type (i), energy price for each type (pi), energy 
consumption rate for each type (Qi), and GDP. The energy cost share for an economy at a given time t is calculated by (de 
Wit, Heun and Douglas, 2013): 

𝐶𝐶𝑆𝑆𝑖𝑖 =
∑𝑝𝑝𝑖𝑖 ,𝑡𝑡 𝑄𝑄𝑖𝑖 ,𝑡𝑡
𝐺𝐺𝐺𝐺𝑃𝑃𝑡𝑡

 

Energy cost share proves to be a useful indicator of an economy’s energy expenditure, since it considers both the energy 
price for each type (pi), and the energy consumption rate for each type (Qi) in relation to the country’s GDP. It therefore 
gives a good indication of the energy investment in relationship to economic growth at a particular point in time. 

However, there is an upper threshold to a countries’ energy cost share (Bashmakov, 2007). When the energy cost share 
rises above this threshold, recessionary pressures reduce the energy demand, thereby reducing energy prices, which in turn 
reduces the total energy cost share to its earlier (equilibrium) value (Heun and de Wit, 2012). Interestingly, there is only a 
correlation between energy costs, income levels and economic activity, when the energy affordability threshold is exceeded. 
Beyond the energy affordability threshold, economic growth becomes highly dependent on fuel expenditure. 

A study of the economic growth (GDP) and energy cost share of US between 1950 and 2013 revealed an energy 
affordability of around 4% of GDP; since the energy cost share in the US is approximately 5% of GDP further economic 
growth is unlikely (Aucott and Hall 2014). Furthermore, the energy cost share of the US is likely to increase as the energy 
return on investment (EROI) for petroleum will continue to decline and prices will increase over the long term. However, 
this study used expenditures on primary fuel (coal, oil, natural gas and nuclear ore) to calculate energy cost share does not 
give an indication of the cost of energy to the consumer. Furthermore, primary fuel cost are changing as new methods of 
extracting energy are developed and governments heavily influence the price of energy through a range of financial 
instruments, such as subsidies, taxes and levies. 

There are at least two ways that countries can lower their fuel cost share in the future- becoming more energy efficient and 
replacing fossil fuels with renewable energy options that have lower costs of production. 

2.2 Energy Return on Investment (EROI) 

EROI is an important metric as it accounts for costs expended to deliver energy from extraction to the consumer. EROI is 
defined as the ratio of gross energy output (Egross,t) obtained from an energy production activity, such as drilling for oil, 
mining for coal, or building wind turbines, to energy input (Einput,t) for the energy production process during a period of 
time (t) (Heun and de Wit, 2012): 
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𝐸𝐸𝐸𝐸𝐸𝐸𝐼𝐼𝑡𝑡 =
𝐸𝐸𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 ,𝑡𝑡
𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑡𝑡,𝑡𝑡

 

By this definition, the break-even point for energy production is when EROI = 1. Thus a process with EROI > 1 is an 
energy source and a process with EROI < 1 is an energy sink (Heun and de Wit, 2012). Furthermore, for energy production 
processes, it is apparent that the higher the EROI, the more energy is supplied to society – this can be visualised in Figures 
1 & 2. 

 

 

Figure 1: Energy Source with EROI = 10 

Source: Adapted from Heun and de Wit (2012) and R. K. Roberts (2017) 

 

 

Figure 2: Energy Source with EROI = 2  

Source: Adapted from Heun and de Wit (2012) and R. K. Roberts (2017) 

As the EROI of energy sources decrease, the market price of the energy increases (King, 2011), and economic models have 
been developed in an attempt to predict the market price of energy, given an energy source’s EROI (Heun and de Wit, 
2012). Since EROI has been shown to dictate energy prices, it is an important to energy policy and energy sources with the 
greatest EROI should be used when deciding on a country/city’s energy mix. 

As oil supplies continue to become depleted, there is a tendency to extract energy from energy sources with a lower EROI. 
The EROI values for various energy sources can be plotted against the net energy efficiency in order to guide energy policy 
and energy developments (Murphy and Hall, 2011) - see Figure 3. The most important concept provided by this figure is 
that when EROI values decline below 10, the net energy provided for society decreases exponentially. Unless society 
reduces its reliance on fossil fuels, which have a rapidly decreasing EROI, the globe will move towards a “net energy cliff” 
(Lambert et al., 2014). 
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Figure 3: The Net Energy Cliff (Murphy and Hall, 2010) 

A comprehensive comparison between world economic and net energy metrics has been carried out using data from 1978-
2010 for 44 countries that contribute to 90% of global GDP (King, Maxwell, & Donovan, 2015). This revealed that the 
costs of energy are an important factor in economic growth; and global energy cost share is significantly correlated with 
the one-year lag of the annual changes in GDP (King et al. 2015). However, it is noteworthy that the correlation coefficients 
calculated in this study were mostly not statistically significant; which may have been due to a lack of accurate time series 
data available and the short time period in which this data has been recorded. An alternative explanation is that energy 
prices play little role in influencing economic growth – it is only when energy expenditure reaches an upper threshold, that 
it starts to restrain the factors contributing to economic growth such as labour and capital (Bashmakov 2007; Aucott and 
Hall, 2014). This also alludes to the use of critical energy cost share thresholds as being a more important metric than 
general correlation coefficients (Roberts, 2017). 

It is important to note that these energy cost share thresholds may be different from country to country, depending on 
whether it is a net importer or exporter of energy, and will likely change with time. Establishing these thresholds, if any, 
and determining a correlation between economic growth and critical energy expenditures once these thresholds have been 
exceeded is of utmost importance since it indicates the level of investment in energy beyond which there will be little 
economic benefit. These thresholds can then be used to guide the expansion and mix of the national energy supply system, 
using a range of energy supply options with different  EROI. 

2.3 Energy Intensity 

Energy intensity can be defined as “the ratio of energy use to a relevant measure of activity or output’’ (Schipper and 
Grubb, 2000), or the energy used per unit of gross domestic product (IEA, 2003). Fundamentally, a high energy intensity 
means a high cost of converting energy into economic growth (GDP); while low energy intensity implies a low cost of 
converting energy to economic growth (GDP). In other words, lower energy intensity means a higher amount of energy 
efficiency. 

From the foregoing definitions, several aspects are important in understanding energy intensity in developing countries- 
the rapidly growing energy demand; the capital intensiveness of  energy industry; the security of energy supply in terms of 
quality, reliability and continuity; and the overall economic development pathway of the country (Jamasb et al., 2005).  

A review of the Human Development Index published annually by the World Bank demonstrates sufficiently that economic 
development is an urgent issue in developing countries. However, ample evidence shows that there can be no meaningful 
economic development without affordable energy (Priddle, 2002). Part of the underdevelopment issues in sub-Saharan 
Africa (SSA) has to do with energy scarcity. For instance, Nigeria, with a population of over one hundred and forty million 
people, can only produce about 1 600 megawatt (MW) of electricity, while Ireland with a population of about four million 
people produces over 4 000 MW of electricity (Fufore, 2012). It is no wonder then that, while Ireland ranks 5th on the 
United Nations Development Program’s (UNDP) Human Development Index (HDI), Nigeria is ranked 158th (UNDP, 
2007). 

The trend in the structure and intensity demand in developing countries seems to follow the same pattern as developed 
countries historically, where energy use and intensities grew significantly with economic growth during the industrialisation 
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era, but began to decline considerably as the economies moved to secondary and tertiary industries (Metcalf, 2008; Shipper 
et al., 1993; Zhang et al., 2009). However, energy use continued to grow until after the oil crisis when “a new phenomenon 
known as ‘decoupling’ has been observed” (Stage, 2002) where energy use is growing at a much slower rate than economic 
growth. This is because of a shift to tertiary industry and higher prices have promoted the use of energy efficient 
technologies (Stage, 2002). These studies indicate that energy intensity first increases as a consequence of expanding 
economic growth and development, but consequently falls as a result of a shift to a services-based economic structure 
(Medlock III and Soligo, 2001). 

One of the major means of reducing greenhouse gas (GHG) emissions emanating from fossil fuels is to cut down the energy 
used per unit of economic activity (efficiency). Therefore understanding the drivers of the intensity of energy use is an 
important step from an energy policy making viewpoint, since it is a measure that combines energy consumption with 
economic output (Zhang et al., 2009: 5477). It is similarly imperative for the policy makers to comprehend how energy 
demand will change under situation of structural change in the economy (Markandya et al. 2006). An emerging pattern of 
energy intensity and economic growth can be seen from a historical perspective of development. When industrialisation 
began energy intensities and energy consumption increased rapidly with economic growth. However, later on the path of 
industrialisation, energy consumption was reduced while economies continues to grow as a result of gradually switching 
from primary to secondary and tertiary industries. There are some apparent anomalies to this trend in countries like 
Philippines, Brazil, Colombia and Argentina, where energy intensity is found to be “superficially” low compared to the 
level of economic growth. This phenomenon can be explained by examining the disparity between the rich and the poor. 
A large gap between the two social classes means that rich people drive the GDP of the country up, while energy 
consumption (especially the one contributed by lifestyle choices) remains low since most of the people are poor and 
therefore unable to consume a significant amount of energy enough to tip the balance between GDP and national energy 
consumption (Suehiro, 2007). 

2.4 Decoupling 

The term 'decoupling' has been promoted as a way to describe the efforts to break the causal link between economic 
prosperity with the depletion of finite resources and degradation of environments (UNEP, 2011; Swilling et al., 2013). The 
focus of sustainable development is therefore to decouple economic growth from the increasing use of energy and material 
resources. Global economic production and consumption is now concentrated in cities, with 80% of global GDP now 
associated with cities. The second point is that a second major wave of urbanisation is underway: since 2007 the majority 
of the world’s population of over 7 billion people has been classified as living in urban settlements. The third departure 
point is that global resources consumption is concentrated in cities. By the year 2005, approximately 75% of global energy 
and material flows were consumed in cities, which covered just 2% of the land. Given predicted growth of cities and the 
important role that cities will have in shaping economic growth, there is an urgent need to understand how this growth can 
be achieved in a sustainable manner.  

One approach is to decouple economic growth from resource use and environmental impacts (UNEP, 2011). Resource 
decoupling (strong decoupling) or 'dematerialisation' involves reducing the rate at which primary resources are used per 
unit of economic output. In other words, resource decoupling refers to increasing economic output while decreasing 
resource use. Impact decoupling (weak decoupling) means increasing economic activity while decreasing negative 
environmental impacts; such as pollution, greenhouse gas emissions, and biodiversity loss. Both are illustrated in Figure 4. 
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Figure 4: Two aspects of decoupling 

Source: Adapted from UNEP (2011) 

Energy is arguably the most important resource for economic development (Grubler et al., 2012), since the vital urban 
infrastructures all depend on energy: treatment and supply of water; the disposal and treatment of wastes; transport and 
communication systems; building and construction; supply of food, materials, medicines and chemicals; and the energy 
supply itself. Understanding the relationship between energy consumption and economic growth is fundamental to 
decoupling economic growth from resource use (resource decoupling), while an increased understanding of the 
environmental impacts of energy supply options is needed for impact decoupling. 

Furthermore, the concept of ‘absolute decoupling’ vs ‘relative decoupling’ is crucial to monitor the environmental pressures 
of an economy. Figure 4 has shown that decoupling occurs when the growth rate of an environmental pressure is less than 
that of its economic driving force (e.g. GDP) over a given period. Absolute decoupling is said to occur when the 
environmentally relevant variable is stable or decreasing while the economic driving force is growing. Decoupling is said 
to be relative when the growth rate of the environmentally relevant variable is positive, but less than the growth rate of the 
economic variable. 

Decoupling indicators, like all other types of indicators, shed light on particular aspects of a complex reality but leave out 
other aspects. For example, the decoupling concept lacks an automatic link to the environment’s capacity to sustain, absorb 
or resist pressures of various kinds (deposition, discharges, and harvests). In the case of renewable natural resources, a 
meaningful, interpretation of the relationship of environmental pressure to economic driving forces will also require 
information about harvesting rates compared to renewal rates. 

3. Sustainable Cities 

Sustainable cities have been included amongst the 17 Sustainable Development Goals (SDGs)1, and the New Urban Agenda 
of 2016 elaborates how sustainable development should manifest in cities (Swilling et al., 2017). The importance of 
analysing our urban energy systems has thus gained significant attention recently (Grubler et al., 2012; Swilling et al., 
2013). This section looks into some of the key focus areas that are expected to have considerable effects on the urban 
energy-economy relationship, but whose influence is uncertain, namely: energy efficiency, the importance of local 
governments, and finally, the unrecorded economy (Karanfil, 2008; Warr, Schandl and Ayres, 2008; Kohler, 2013; Aucott 
and Hall, 2014).  

Whether a city can be truly sustainable is debatable. This is due to the varying priorities with which cities contend, the 
manner in which their boundaries are delineated, and the challenges in identifying and measuring appropriate indicators of 
urban sustainability (Currie et al., 2017). In addition, the vision of a sustainable city as a utopian entity is potentially 
unhelpful, as it may impose a contextual or unrealistic development pathways on the city (Campbell 1996). A sustainable 
                                                             

1 https://www.un.org/sustainabledevelopment/sustainable-development-goals/ 
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Economic activity (GDP)
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city that externalises its resource use and impacts to locations outside its boundaries cannot be considered sustainable from 
a multi-level perspective. Arguably, cities are not either sustainable or unsustainable, but rather encompass various socio-
economic and socio-ecological processes “that negatively affect some social groups while benefiting others” (Allen, 2001). 
Therefore, political considerations are important to address the inherent trade-offs or contradictions in addressing the social, 
environmental and economic aspects of sustainability simultaneously. 

There is also a need for urban energy policy to focus primarily on demand management, such as energy efficient buildings, 
structuring urban form and density conductive to energy efficient housing forms, high-quality public transport services, 
and the integration of urban energy systems. This demand-side focus at the urban scale represents a paradigm shift 
compared to the traditional, more supply-side energy policy focus at the national scale; and offers opportunities for a more 
efficient use of energy in urban environments may have a considerable effect on the economy of the city (Grubler et al., 
2012). 

3.1 Energy Efficiency  

Increasing energy efficiency has been broadly considered as the most cost-effective way to mitigate greenhouse gas 
emissions and is one of the most important ways to reduce the threat of increased global warming (European Parliament, 
2009; IPCC, 2007). Without efficiency improvements since 2000, the world would have used 12% more energy than it did 
in 2016 – equivalent to adding another European Union to the global energy market (IEA, 2017). Energy efficiency is the 
“least expensive, most benign, most quickly deployable, least visible, least understood, and most neglected way to provide 
energy services” (Lovins, 2005). 

This is most important in countries rapidly building infrastructure, where efficiency opportunities lost now lock in wasteful 
energy use for decades. As IEA member nations’ absolute energy use shrinks from its 2007 peak, developing countries’ 
rising share of global energy use offers important opportunities to leapfrog to the best technologies, in which they could 
even seek and achieve market dominance (Lovins and Browning, 1992; Cagno et al., 2013; IEA, 2017). 

With energy efficiency as its cornerstone and needing its pace redoubled, climate protection depends critically on seeing 
and deploying the entire efficiency resource. This means extending modern net-zero or net-positive and deep-retrofit 
building-design philosophies—examples of integrative design—into industry, vehicles, mobility, and their links to IT and 
urban form; broadening our climate-change-mitigation analytic framework from components or devices to whole systems; 
and replacing theoretical assumptions about efficiency’s diminishing returns with practitioners’ empirical evidence of 
expanding returns (Lovins, 2018). 

3.2 The Importance of Local Governments 

There is growing global, national and local awareness of the role of urban and local management as being key to many 
areas of sustainable energy development and climate change mitigation. If a municipality is going to have an impact on 
transition to a green economy in the area under its jurisdiction it must influence change amongst its broader constituency – 
the residents and businesses of the city or town. There are principally two ways of influencing the behaviour of citizens 
and businesses: through regulations and policies, and by providing support and information (Sustainable Energy Africa, 
2017). 

A green economy is defined as one that results in “improved human well-being and social equity, while significantly 
reducing environmental risks and ecological scarcities” (UNEP, 2010). In its simplest expression, a green economy is low-
carbon, resource efficient, and socially inclusive. In a green economy, growth in income and employment are driven by 
public and private investments that reduce carbon emissions and pollution, enhance energy and resource efficiency, and 
prevent the loss of biodiversity and ecosystem services. While the idea behind a green economy is spreading fast, much of 
the current discussion centres on national developments (ICLEI, 2012). 

Due to an increasingly active network of local leaders, supported by organizations such as ICLEI - Local Governments for 
Sustainability – a consensus is emerging that the notion of “think global – act local” is imperative to find sustainable 
solutions to the challenges of resource scarcity and climate change (ICLEI, 2012). When pursuing a sustainability agenda, 
local governments have certain ‘tools’ at their disposal, such as governing by authority (e.g. acting as a regulator); 
governing by enabling (e.g. promoting certain policies towards relevant stakeholders such as a national ministry); governing 
by provision (e.g. giving financial support to specific activities such as the purchase of solar water heaters); and self-
governing (e.g. being a role model in energy efficiency projects in public buildings) (ICLEI, 2012). 

Each city is unique, so combining analysis on the global level with constant ‘deep dives’ into local and regional strategies 
can assist cities to find the most suitable individual strategies. Collaboration with higher levels of government is essential 
if cities and networks of cities are to overcome regulatory barriers and access funding. It is thus crucial that higher levels 
of government support city-level innovation for resource efficiency (Swilling et al., 2017). 
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City governance has a central role to play in managing energy consumption and GHG emissions. City governance can 
incentivize energy efficiency, and promote renewable energy use and public transport. Indirectly they can influence city 
energy use through urban planning and economic development (Sustainable Energy Africa, 2014). 

3.3 Unrecorded Economy 

The definition of an unrecorded economy is that of an underground or shadow economy, which is the “market-based 
production of goods and services, whether legal or illegal that escapes detection in the official estimates of GDP” (Smith, 
1994). Developing countries have the highest unrecorded economies accounting for 44% in African economies and 39% 
in Latin American countries. Concerning transition and developed countries, the unrecorded economy is estimated to 
account for 20% in Middle Eastern and Eastern European countries and 12% in OECD (Organisation for Economic Co-
operation and Development) countries (Gërxhani, 2004). Thus, the investigation of the linkage between energy 
consumption and the official economy may not give reliable results in such countries. It would appear that a country’s 
energy input is not transferring to economic output due to the scale of the unrecorded economy. 

However, energy input may not be an essential factor of production in the unrecorded economy (Karanfil, 2008). This is 
alleged to be due to unrecorded economic activities having low energy inputs, such as peddling or hawking. These results 
may not be a true reflection of the situation, since estimating energy demand is a difficult task in informal settlements, as 
households that do not have legal land tenure are not entitled to public services provision (Payne, 2001). Unrecorded 
economies should be included in future energy-economy studies, especially in developing countries, in order to build 
comparative research to ultimately form a generalizable conclusion (Karanfil, 2008). The causality between energy 
consumption and GDP has been of much interest to researchers for decades, even though there is yet to be a consensus on 
the direction of the causality. Studies are divergent regarding the direction, ranging from unidirectional, bidirectional and 
no direction at all.  

4. Conclusions and recommendations 

Previous literature that has compared energy consumption to economic growth shows that the causality between energy 
and economic growth is unclear. However, many studies using energy metrics, such as energy cost share, show a strong 
link between energy and the economy. These studies provide valuable information, but fail to provide a complete picture 
of the dynamics between energy and the economy needed by policy-makers to transition towards a green energy strategy. 

Understanding the energy-economy nexus in cities of developing countries will be key to enabling effective mechanisms 
to transition to sustainable development. There are several challenges to this area of research; such as data scarcity at the 
city level in cities of the global South, and particularly in African cities (Currie, 2015) and difficulty in tracking informal, 
unregulated, illegal or decentralized energy systems (Kovacic et al., 2016; Currie, Musango and May, 2017). 

Energy cost share proved to be a useful indicator of an economy’s energy expenditure. It was found that when energy cost 
shares rise above a certain threshold, recessionary pressures reduce energy demand. EROI was found to dictate energy 
prices, and it is therefore important to energy policy; energy sources with the highest EROI should be chosen when deciding 
on a country’s energy mix. Energy intensity was identified as an important metric for cities to track the energy efficiency 
of their economies. Three key focus areas were identified that are expected to have considerable effects on the urban energy-
economy relationship, but whose influence is uncertain; namely-energy efficiency, the importance of local governments, 
and finally, the unrecorded economy. 

In order to decouple economic growth from resource use and environmental degradation, cities need to switch to energy 
efficiency policies and renewable sources of energy. Stronger policy development and implementation is essential if the 
current level of efficiency gains is to be maintained or accelerated. 

4.1 Ongoing Research 

The ongoing research is to perform case studies on different cities to evaluate the relationships between individual 
economies and their energy consumption. This would reveal if different patterns exist for different regions, and whether a 
city’s economic and energy profile influences the causality between energy consumption and economic growth. The 
ongoing research further involves evaluating how different policies and crises (natural disasters, supply shortages etc.) have 
affected the energy-economy relationships of cities. Investigating whether changes in energy prices have affected the 
energy-economy relationship is also fundamental to the ongoing research. Whether the changes in energy prices have an 
influence on consumer habits and practices, and how this impacts the total energy consumption of a city or the economic 
growth of a city, also forms part of the ongoing research. The findings of this research will be shared during the author’s 
oral presentation at the 2018 ISDRS conference. 
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Abstract 

This working paper consists of three chapters: the first one will analyse the dimension of the migration phenomenon during 

the last three years up today between reality and perception; the second will be addressed to design an overview of integration 

policies, and the last one will focus on the experience of the University of Messina, which has formally established the C.E.M.I.. 

The main aim will be focused on promotion of refugees’ unexpressed talents and development of human resources. The 

perspective of the paper will be structured in order to offer immediately conceptual thinking and practical proposal in this 

field. 

 

Keywords: migration, integration, refugees skills, human resources, intercultural best practice 

1. Introduction  

The migratory phenomenon is normally outlined in its dimension according to a series of statistical data, and all data available 

from primary sources [1], (Istat, national institutes or public and private agencies, ministries, research centres, etc.) and from 

national and international research initiatives, seem to converge and offer a plot of common analysis. But, if numbers converge, 

the way they are proposed to the common opinion offers very different tones of representations, creating a general mood 

strongly polarized on distant positions and sometimes dangerously extreme. The data on migration are so relevant that their 

presence on the media is already justified but working on a global phenomenon, like the migration one is, let's try to resize its 

local perception in the right way [2]. The numbers of those seeking protection in another Member State is equivalent to less 

than 1% of the world's population, yet their media representation continues to be alarmist, thus helping to generate a debate 

on the theme of migration to amplify common feelings characterized by emergency, fear, unsafety and problems of 

coexistence. Normally, the analyses concerning the high social and economic contribution of foreigners [3] (Simmel) to the 

national system and the numerous experiences of integration of those who should now be considered ex-foreigners are sucked 

into the vortex of sensationalism overlapping the media coverage. 

2. Methods 

The paper aims to demonstrate how a perspective focused on the integration of migrates can produce evident effects on 

different aspects of life, from economy to social interaction. The present paper first analyses the dimension of the migration 

phenomenon during the last three years up today, paying attention to the difference between reality and perception. Analysing 

the data available back in time, we know that Italy, for most of its history, can be labelled as a nation of emigration except for 

some extraordinary events caused by the Second World War, such as the exodus of Istria for example or the return of Italians 

from the former colonies of Africa. These events did not present substantial problems of integration from a social or cultural 

point of view and therefore the phenomenon began to fade. The flow of foreigners starts to increase at the end of 70s, especially 

due to the different laws rules in force at the time such as so called 'open doors policy'. According with the first ISTAT census 

of 1981, the total amount of migrants in Italy were about 321,000. In 1991, the number of foreign residents was doubled to 

625,000. This migration balance in the nineties has continued to grow and, since 1993 (the year in which for the first time the 

natural balance turned negative), it was the only cause of the increase in the Italian population. Analysing the data for 2016 it 

emerges that the number of foreigners residing in Italy is around 5 million, with an increasing of 12,000 units, that is 0.2%, 

more than previous year, with an impact on the population that stands at 1/12 of the total (8.3%). These data include in any 
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case the acquisitions of citizenship for which they refer also to the second generations who, born and raised in Italy, have not 

even experienced migrations. At the same time there is a second migratory block, 450,000 people arrived in Italy between 

2014 and 2016 (of which 150,000 in the last 12 months, less than the 178,000 foreigners who acquired Italian citizenship in 

the same period) less than 10% of the total, which therefore corresponds to refugees. In the second part of the paper is evidenced 

an overview of the integration policies related to the third mission of the university system related to the experience of the 

University of Messina. The concept of the 'Third Mission' of the Universities is used to describe the role that these are called 

to assume with regard to relations with society, together with the traditional ones of higher education and scientific research. 

This expression is therefore used to indicate more activities that relate university research and society. Technological transfer 

activities aimed at enhancing scientific research, especially in terms of innovation (i.e. patents, spin off companies). However, 

the Italian National Agency for the Evaluation of University Research (ANVUR) defines and assesses the production of public 

goods that increase the general level of well-being of society, having cultural content, as the third cultural and social mission 

of the Universities. So social, educational and civil awareness development plays a crucial role in helping migrants and 

refugees to be empowered to better expressing their personal skills and potentials, and represents a powerful tool for 

integration. Language learning, recognition of qualifications, access opportunities are the main issues at stake. On their turn, 

Higher education Institutions (HEIs) need a guidance and a set of good practices on how to tailor the provision of education 

for migrants and on how to be more effective in their integration policies and achievements. The access to higher education is 

heavily burdened notwithstanding major efforts have been done during last years at European level. People with a refugee 

background are five times more likely not to be enrolled in education than their non-refugee peers, moreover only 1% of youth 

with refugee background access tertiary education, compared to an access level of 34% globally among the youth [4] 

(UNHCR). The main barriers to access higher education in Europe (according to findings of the European Higher Education 

Area - EHEA) are: 

• Lack of information, 
• Lack of advice and individual guidance, 

• Recognition of credits and qualifications, particularly without documents, 
• Inadequate language support provisions, 
• Lack of adequate financing.  

The Convention on the Recognition of Qualifications of the Council of Europe concerning higher education in the European 

Region (the Lisbon Recognition Convention) dating back to 1997 at section VII, article VII says: 

“Each Party shall take all feasible and reasonable steps within the framework of its education system and in conformity with 
its constitutional, legal, and regulatory provisions to develop procedures designed to assess fairly and expeditiously whether 

refugees, displaced persons and persons in a refugee-like situation fulfil the relevant requirements for access to higher 
education, to further higher education programmes or to employment activities, even in cases in which the qualifications 
obtained in one of the Parties cannot be proven through documentary evidence.”  

In turn, access barriers to higher education become access barriers to the job market and to social inclusion, personal 

development and empowerment. The massive presence of refugees in Europe and the pressure on the European borders have 

raised a huge confront on how to make a threat for social and political unrest, a challenge for development and inclusion. The 

European HEIs have taken over the challenge. 

Finally, in the third part of the paper is described the CEMI (Migration, social integration and intercultural communication 

Centre) of the University of Messina, as a concrete answer to the policies of integration and cooperation with refugees.   

In August 2016, the University of Messina completed the internal procedural process that led to the creation of a University 

Interdepartmental Centre called “Centre for Migration, Social Integration and Intercultural Communication”. The Centre was 

born with the spirit of setting up the complex of ideas, actions and interventions for the valorisation of human capital expressed 

by refugee citizens. The genesis of the Centre has been strongly characterized by a profitable continuous exchange with the 

CAP - Centre for Lifelong Learning of the University of Bari, which carries out the continuous training activities of the 

operators, the collection of data and life stories of the users, the planning of activities and the promotion of national and 

international networks for integration. The CEMI acts as an internal collector for the interaction with the different University 
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offices responsible for specific services and as an internal and external promoter of projects for the development of activities 

and initiatives aimed at integration, in many ways. According to the objectives of the Third Mission, the mission is based on 

the wish to institutionalize, qualify and strengthen the University's commitment to the progress of the social and economic 

system. Another fundamental goal is the promotion of projects for the development of activities and initiatives aimed at 

integration. In particular, the activities of the Centre are addressed to the subjects holding asylum and/or political refugee 

status, international, subsidiary and humanitarian protection. As stated in the related Implementing Regulation, 'For this 

purpose the Centre carries out the following activities indicated in an simplified and non-exhaustive manner, as it is a strong 

intention of this Institution to promote the activation of further services mainly due to needs emerging in line with the objectives 

of internationalization and the University's third mission: 

• institutionalize a unified procedure with regard to the recognition of the qualifications obtained by the holders of 

asylum and/or political refugee status, international, subsidiary and humanitarian protection and the validation of 

the soft skills and professional skills of the users; 

• devise and implement innovative services to enhance the training and professional experience of students and 

graduates of the University of Messina, in particular foreigners; 

• Attract external resources through the drafting of project proposals, also by encouraging partnership, contributing 

to the pursuit of the Centre’s objectives. 

Among the CEMI activities, the best results have been already reached thanks to the management of the FAMI resources. The 

National Program of the FAMI fund identifies, in fact, at ministerial level the most perceived medium-term needs in the field 

of asylum, integration and repatriation, setting for each area the priority objectives and the functional results for their 

achievement. The priority of the national policy, with specific reference to the first reception, is to improve the hospitality 

system. The University of Messina, in the Temporary Agreement with the Study Centre "G.Arnao" of Palermo, has joined the 

Public Expression of Interest banned by the Sicilian Region to plan interventions financed through the resources made 

available to the regions by the Ministry of Internal Affairs through the Asylum, Migration and Integration Fund (FAMI). 

3. Results and Discussion 
 

The picture of landings updated at March 2017, compared with the UNHCR surveys, therefore shows that between 1st January  

and 31st March 2017, 24,241 people have landed in Italy. A figure is significantly higher than the same period of 2016, when 

18.784 people arrived (+ 29%). In March 2017, 10,802 migrants were disembarked in Italy, 12% more than last year, five 

times more than in March 2015, see table 1. 

 

Table 1–Numbers of migrants disembarked between 2015-2017. 

 

Period Year Migrants 

January – March 2017 24.241 

January – March 2016 18.784 

January – March 2015 5.678 

 

Regarding the countries of origin, the data updated to February 2017 point out some differences compared to the previous: the 

most represented are Guinea (15% of arrivals), Nigeria (14%) and Bangladesh (12%) followed by Gambia (10%), Ivory Coast 

and Senegal (9%) and Morocco (8%). Compared to 2016, there is no Eritrea, usually very represented, and the number of 

people with Moroccan and especially Bangladesh nationality is lower than the previous months.. Data that, at a superficial 
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reading, follow more or less regular and relevant statistical dynamics, but that from the point of view of the story that they 

conceal should immediately show the painfully incredible travel dynamics. Continuing with the review of the UNHCR 

database we see that to arrive in Italy are mostly men (71%), with a considerable share of unaccompanied minors (16% of 

arrivals).The 2017 report on international protection in Italy speaks of Sicily as the first port, for a percentage of about 70% 

of migrants disembarked in Italy in 2016 (123,000 with an increase of 18.6% compared to 2015), see figure 1. Most of the 

landings take place in Sicily (84%) but there are arrivals by sea also in Calabria (13%) and Sardinia (3%). 

 

 

Figure  1-  Migrants landed 2017 vs 2016 

 

The EU is investing cultural and financial resources on the issue of migrants and refugees integration through access to higher 

education. The theme is identified as a cross cutting priority throughout the main financing programmes involving HEIs (e.g. 

Erasmus+ KA1 and KA2 programmes) and a strong effort is being deployed in providing a frame for implementing policies 

and disseminating inspiring best practices in order to activate synergies among HEIs throughout Europe. 

According to the European Commission “Joint Working Group seminar on the integration of migrants” held in Brussels on 

March 2017 ' (...) EU support for integration of newly-arrived migrants could take a number of forms. First, further efforts to 

increase the visibility of existing resources (e.g. good practices, research, information) and support the exchange of new 

knowledge (e.g. peer-learning activities, thematic networks, study visits, mobility projects), as well as work on developing a 

common framework as baseline for national strategies on integration of migrants in education. Second, the EU could leverage 

its experience in skills assessment and recognition or linguistic support to provide learners, teachers and teacher trainers with 

guidelines, toolkits and other resources. Third, mobilise EU funding to address migration challenges through support for 

research, training, mobility and innovative projects; improve the visibility and accessibility of existing funding opportunities. 

Finally, the EU also has a role to play in encouraging Member States and other stakeholders to provide more support for the 

integration of migrants and improving coordination across Member States in integrating migrants or promoting better skills 

recognition across countries.' [5].Moreover with the resolution dating April 2017 'Addressing refugee and migrant 

movements: the role of EU external action' the European Parliament has underlined the utmost importance of promoting access 

to education as part of the integration process. On December 2017, the European Commission and the EU's economic and 

social partners (CES, BusinessEurope, UAPME, CEEP and Euro chambers) signed a European integration partnership, which 

sets out the basic principles and commitments to support and strengthen opportunities for integration into the European labour 

market for refugees and migrants legally residing in the EU. This casts a new light on a job market oriented integration, 

focusing on recognition of existing qualifications and skills, identifying  competencies requested by the job market, analysing 

and sharing best practices. 

The main constraints in terms of effective contribution of HEI in playing an active role in the integration process of refugees 

can be then roughly declined in access to HE, recognition of qualifications, access to the labour market. 
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Most HEIs across Europe have carried out actions to meet the migrants and refugees integration challenge with different 

approaches. In fact, the goal of integrating and recognizing the academic skills of refugees has been pursued by many European 

universities long before this was included in the recent new European Agenda for Higher Education. 

A good overview of the ongoing activities at HEIs level is provided by the EUA Refugees Welcome Map a initiative 

implemented by the European Universities Association collecting almost 250 initiatives from higher education institutions and 

related organisations in 31 countries responding differently to the refugees needs of social, cultural and economic inclusion, 

by providing them mentoring and support, developing initiatives tailored to refugee students and university staff, including 

subjects concerning migration and refugees into teaching and research in order to raise awareness. With the Refugees Welcome 

Map campaign, EUA has highlighted the commitment of higher education institutions and organisations in supporting refugees 

presenting them in an interactive map continuously updated. 

In the same period in which UniME establishes the CEMI, the CRUI - Conference of the Rectors of the Italian Universities - 

publishes a call for the award of 100 scholarships, valid for the 2016/2017 academic year addressed to students holding 

international protection in possession of a qualification valid for enrolment in a degree course, master's degree or chosen 

research doctorate. This initiative was born as a result of the signing of the Memorandum of Understanding between the CRUI 

and the Italian Ministry of Internal Affairs aimed at supporting the continuation of the training course, forcibly interrupted in 

the country of origin, of deserving young students, holders of international protection. In 2016, the University of Messina, 

thanks to CEMI and to the CRUI grants, welcomes two young refugees of Eritrean origin, currently students of the degree 

course in Cultural mediation. In addition to the university services (registration fees, meals, accommodation, first necessities) 

that could be activated thanks to the provision of the CRUI scholarships, a crowd-funding activity was also carried out, 

launched by an American journalist named Heather Gray on the YOUCARING platform, in order to buy two portable PCs to 

be supplied to the new refugee students, see fig. 2. 

 

 

Figure  2-  Crow funding for foreign students sponsored by University of Messina 

 

The national political strategy focuses on the need to put in place structural interventions aimed at strengthening the first 

reception system, the structures dedicated to second reception and integration, promoting the exit from the circuit through 

measures in favour of autonomy, empowerment and the socio-economic integration of migrants. 

In this regard, FAMI funding lines have been created. The FAMI multi - action project was approved by the Delegated 

Authority - Directorate General for Immigration, the Authority Responsible for Integration Policies with Regulation no. 4305 
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of 21-12-2016. The call of interest of the University of Messina is aimed at achieving the objective "legal integration / 

migration". This objective includes, in particular: 

 Expansion of the offer of language training services aimed at migrants through the consolidation of a national system action 
for literacy declined through specific integrated regional plans; 

 Qualification of the school system according to a service logic aimed at foreign users; 
 Qualification of the assistance system for Unaccompanied Foreign Minors; 
 Strengthening of integration measures that allow migrants to have non-discriminatory access to all services offered in the 
territory; 
 Coordination between labour, reception and integration policies to encourage the process of socio-economic inclusion. 

The proposals presented have finally been fully accepted, following a summary table of the multi - action project that is 

therefore being implemented, see table 2. 

 

Table2 - Summary of financed projects-University of Messina FAMI funding 

 

Title Action Tot Project € 

 
Inter-AZIONE 

01- Qualification of the school system in 
multicultural contexts, also through actions to 
combat early school leaving 

434.000 

   

Title Action Tot Project € 

Inform-AZIONE 02- Promoting access to integration services 409.000 
   

Title Action Tot Project € 

 
Comunic-AZIONE 

03- Qualified information services, through 
regional and territorial communication 
channels 

76.000 

   

Title Action Tot Project € 

 
Ide-AZIONE 

04- Promotion of the active participation of 
migrants in economic, social and cultural life, 
including through the enhancement of 
associations 

 
287.000 

 

The centre of the proposed theme is evidenced by the fact that, in addition to the official statistics on migration, there is already 

a huge number of research focused on deepening the dichotomy between reality and perception of reality, in the context of 

multicultural integration. An article by La Stampa, published on October 26, 2016, reports that the average Italian thinks that 

30% of the population is made up of immigrants (in fact it is between 8 and 9%) and that 20% of the residents are Muslims 

(they are between 2 and 3%). Overall, the first thing that catches the eye is that immigrants are perceived as a threat in all the 

countries involved in the investigation. Even more interesting, however, is to note that the smaller the percentage of immigrants 

present on national territory, the greater the overvaluation of the phenomenon. In Poland, for example, the percentage of 

immigrants living in the country is minimal, 0.4%, but people think it is 35 times bigger, 14%. In Hungary, which has 2% of 

immigrants, it is believed that they are 8 times more, 16%. The narration of the migratory phenomenon is transversely 

misleading. If it is true that our country had never seen such a massive flow of people, so a nation of about 60 million 

inhabitants, among the most industrialized and rich in the world, with a tradition of democracy and respect for rights, cannot 

claim to collapse for 150 thousand people in need. Of course, the problem must not be simplified or minimized and is not 

possible to say that 150 thousand people do not represent an alarming question. On the contrary, it would be necessary to have 

a serious debate starting from the real data with a rigorous analysis. 

EUA (European University Association) will use the data to identify common challenges and derive transferable good practice 

approaches to the long-term sustainable integration of refugees into higher education. A follow up of this activity is represented 

by the inHERE project [6] financed by the Erasmus + programme, leaded by the Mediterranean Universities Network 

(UniMed) aiming at simplifying the access of refugees to university education through paths for sharing good practices and 
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training, thanks to the living lab of university staff. The living lab is intended to be a user-centred, open-innovation ecosystem 

where staff members from different universities in Europe will design, explore, experience, refine and evaluate new practices 

and policies in real-life scenarios for evaluating their current or potential action plans to facilitate the integration of refugees 

in higher education. The project, started one and a half year ago, will also stimulate: a greater sensitivity towards social 

inclusion in national academic governance and a concrete social dimension in the entire European Higher Education Area 

(EHEA) through the definition and dissemination of Guidelines. 

Another outstanding experience is the “Guide for credential evaluators” edited by the “European Network of Information 

Centres in the European Region and the National Academic Recognition Information Centres in the European Union (ENIC-

NARIC) - Recognise qualifications held by refugees”. The ENIC-NARIC analysed a set of major issues affecting the 

recognition process for applicants with refugee backgrounds, in terms of: 

• Lack of reliable and verifiable information from countries affected by conflicts; 

• Lack of documentation and partial qualifications; 

• Huge amount of applications; 

• Lack of training at institution level for internal staff, lack of reliable procedures, cultural constraints. 

Taking into consideration this set of needs and weaknesses the ENIC-NARIC developed a vademecum for universities to 

manage in a standardised, accessible, fair and transparent way the application  process for applicants without documentation; 

starting from this set of assumptions, the ENIC-NARIC designed a set of steps to take for Universities in order to: 

1. Implement a standardized, accessible, fair and transparent process for applicants without documentation: 

- prepare a background paper with as many details and supporting docs on professional qualifications, competencies 

experiences; educational system, study programs 

- evaluate credentials based on the background paper 

- arrange additional steps: organize examination/tests to verify knowledge and competencies, use sworn statements 

- complete the evaluation process for admission to new studies or for further studies 

- issue an official document 

2. Publish information on the recognition procedure and policy for documented and undocumented applicants: availability 

of information about recognition and access to higher education is crucial for refugees. Relevant and transparent 

information should be provided at an early stage via website, social media, desk services. 

3. Consult additional resources to support the recognition policy and procedures; flexibility in recognition procedures (as 

encouraged by the Lisbon Recognition Convention  as well as by the European Area of Recognition Manual for HEIs)  

must be the guiding principle in the assessment process. 

Finaly in 2015 a project idea was launched by the NOKUT (Norwegian Agency for Quality Assurance in Education) and the 

UK Naric to create a Qualification passport for Refugees. The overall goal is to enhance the mobility, employability and access 

to further studies of refugees, by promoting multinational cooperation on recognition of qualifications in Europe, through an 

effective fast-track procedure for a centralised recognition model to evaluate the qualifications of refugees, displaced persons 

and persons in refugee-like situations, irrespective of which country the refugees first arrived in. It would have one 

methodology for refugees with a full portfolio of educational documents and another for refugees with insufficient 

documentation. The project has been taken over as a best practice to be implemented by the Council of Europe in partnership 

with the Greek Ministry of Education, Research and Religious Affairs, and the qualification Recognition centres in Italy, 

Greece, Norway, UK and with the support of the UNHCR Greece. 

Here after the process flow implemented in order to issue a Qualification passport for Refugees, see figure 3. 
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Figure  3-  Process flow to issue a Qualification passport for Refugees 

The European Qualifications Passport for Refugees contains information about refugees’ educational background providing 

as such universities, national authorities and employers with relevant elements to make a proper assessment and review. The 

assessment should be carried out at national level by the national ENIC-NARIC office or by one or more universities. The 

European Qualifications Passport for Refugees should be valid for a limited period only. The first European Qualifications 

passport has been issued in Greece on March 2017. 

The establishment of a European Qualifications Passport for Refugees may prove to be an important step for refugees, 

universities, the labour market and society as a whole. 

With respect to these objectives, the University of Messina has proposed to the Regional authority the co-planning on all four 

actions expected by the FAMI fund. In particular, the first action "Inter - Action" foresees that the University of Messina 

coordinates research on linguistic problems and scholastic integration of migrants both from a scientific point of view and 

about linguistic and social integration difficulties encountered by the world of associations and by the Institutions. The 

objectives of the research concern the statistical analysis of the phenomenon, the identification of the type cases and the 

identification of good practices at European and international level for the implementation of ad hoc operational plans. Thanks 

to CEMI activity, repeatable intervention prototypes characterized by a multidimensional approach can also be validated. The 

second action: "Inform - ACTION" is instead the action that more specifically concerns the activities of the CEMI, through 

the creation of a Regional Observatory on Immigration, which may therefore represent an important reference point for all 

interested subjects, public and private. The project also includes within this action a research aimed at the publication of annual 

reports on the migration phenomenon in Sicily. In addition, two training courses are planned: the first one for the staff of the 

Public Bodies involved in the reception and information system and the second one for cultural mediators and psychologists, 

in order to transmit to the main support figures, knowledge and skills from a system perspective and define common reception 

and integration practices. CEMI is very interested in the implementation of a model of recognition of skills based on the 

integration of the economic system, education and labour market through the sharing of the experience started by the University 

of Messina in collaboration with the CAP - Center for Lifelong Learning of the University of Bari. A reality whose existence 

is generally underestimated, also due to the lack of information and media interest in the subject, concerns the high number of 
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migrants forced to flee from their country where they had already completed a cycle of studies valid for access to the university 

career, or perhaps where they were already attending a degree course or where they already practiced a job as professional 

graduates. The third action is titled "Comunic - ACTION" and deals with intercultural communication. UniMe will make 

available its e-learning platform for Italian language courses and for language training courses aimed at the social integration 

of the migrants. Ten seminars will be organized - one for each province - one in Lampedusa that can be attended individually, 

also in blind mode by those interested in participating in the entire cycle. Journalists and all operators involved in social 

communication, both Italian and foreign, will naturally be the preferred recipients. The choice of themes is directed to the 

critical analysis of journalistic texts dealing with cultural diversity to the theory and technique of journalistic writing on cultural 

diversities; from the theory and practice of press offices dealing with inter cultural matters to the theory and technique of web 

writing for on such themes. Finally, the last action: "Ide - ACTION", is the action that involves the broad and participatory 

participation of the community, understood in the broadest sense, without distinction between the community of migrants and 

natives. Inspired by the idea that the culture of the Mediterranean is linked to peoples, sport, food, traditions will be the levers 

of integration on which the University of Messina will call together the energies of all. Among the activities foreseen by this 

action we can mention: Sport without frontiers, Food Fest, Fab Lab, Culture night, Permanent comparison table, Know How 

Exchange Experience. 

4. Conclusions 

A fundamental conclusion emerging from this paper is therefore linked to consider as a priority in the political agenda the 

necessity to affirm the equality of rights, in respect of differences and cultural struggle against racist prejudices as a 

fundamental value of contemporary society. In this respect intercultural communication plays the decisive role. 

Perhaps this is the key to read this research: the theoretical deepening has analysed the traits of a communication on migratory 

flows characterized by the emphasis on the emergency and, consequently, anchored to the criticality of events. The protagonists 

of these experiences are foreigners, immigrants, non-EU citizens (conceptual categories in fact) we must look at in the key of 

multicultural integration. Europe, not only Italy, has to focus on people in order to invert common sense, and make 

multicultural integration become a spontaneous practice, a new universal mindset. 
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Abstract 
 
This ethnographic qualitative research through interviews of disabled people and their family members in rural Maharashtra, 

India, explores the inclusion of disabled members within village society. With limited access to healthcare, disability is seen 

as an unavoidable aspect of life. The aim of this research is to provide evidence that disabled people in rural areas are not 

usually isolated and abused or perceived as burdensome to their family members, contradicting generalized assumptions that 

often inform development literature.  I suggest that generalized stigma of these disabilities is likely created during society’s 

development from agrarian to industrial, in which disabled members’ productivity levels do not increase with society’s 

greater efficiency, thereby creating social fracturing due to perceived inability to participate economically. Stigma and poor 

adaptation to disability status are linked to inability to ascribe to socially acceptable roles. However, if a disabled person is 

able to marry and work to the maximum of their ability, they maintain a self-actualized identity. I term this identity the 

“socially-abled self,” in which their selfhood is defined by their familial roles and their economic contributions to the 

household.  Stigmatized disabilities are generally limited to leprosy, tuberculosis, HIV/AIDS and other severely socially 

limiting disabilities such as deaf-blindness and schizophrenia who have lives defined by a stigma triangle, in which inability 

to fulfill societal expectations of normalcy fears of contagion and ostracism feed each other cyclically.  Therefore, inclusive 

development projects aimed at integrating disabled members should pay attention to existing familial support and focus 

beyond medical rehabilitation and even education, but extend to integrating stigmatized villagers economically, whether the 

stigma’s source is gender, caste, or disability.  By giving them an integral economic position in the society, the community 

learns to respect them by their trade, thereby allowing them to fully participate in community activities.   

Keywords: rural development, India, stigma, inclusion, disability 

1.  Introduction  

As a disabled woman in her early twenties, I had long been frustrated with the American medical system.  Going from 

doctor to doctor, I felt disrespected by a system that could not cure me of pain and variable mobility, and blamed me for the 

lack in answers. I studied abroad in India in the spring of 2017 with the assumption that people without reliable medical 

access would have different and perhaps better coping mechanisms to deal with disability than the doctors who attempted to 

cure my rare chronic illness with expensive ineffective treatments. My travels brought me to one of the most remote areas of 

the country, at a development center two hours from the nearest bus station and four hours from reliable power.  There, I 

conducted ethnographic research on the disabled and their families in this remote community. 

Despite experts warning me of the familial isolation and abuse of disabled people, like myself, in the developing world, and 

particularly within rural areas, one my first experiences in rural India was a mother interrupting her disabled daughter’s bath 

to meet me, insisting not only that I acknowledge her as part of the family, but that she meet me, an American woman with a 

cane.   
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And yet, stories about hiding, neglect, and even infanticide of disabled people in the developing world are presented as 

universal practice by authoritative sources such as the WHO as a “general and current problem” (Ingstad 1999). But when 

Benedicte Ingstad, an English anthropologist, informed the director of a Ministry of Health rehabilitation program in 

Botswana that she had come there to research how families cope with taking care of disabled family members, Ingstad was 

chided by the director who said, “You must know that in this country people hide their disabled family members in the 

lands, [isolated inside their homes with the suggestion of abuse]” (Ingstad 1999). However, Ingstad was not discouraged, 

and dubbed this worldwide assumption of isolation and disability in the developing world as “the myth of the hidden 

disabled” (Ingstad 1999).  Ingstad’s work postulates that abuses of the disabled in the developing world are unfortunate 

exceptions, just like the abuses in the West are assumed to be. 

 Shaun Grech, an anthropologist from Malta, experienced similar deterrence when approaching the field in rural Guatemala 

(Grech 2015). However, he found that not only do families take care of their disabled members, they often go to far lengths 

and extreme poverty to support them, sometimes even nearing starvation themselves.  For this reason, he coined the term 

“disabled families” rather than the before used “disabled households”; disability of one family member is an intrinsic aspect 

of the livelihood and wellbeing of the entire family. 

Karangwa et al. built upon Grech and Ingstad’s research by comparing the inclusion of disabled members in both urban and 

rural villages in Rwanda (Karangwa, Miles, and Lewis 2010)  She came to the realization that poverty generally isn’t the 

cause of exclusion of disabled family members as assumed, but rather, the poorest families with the least resources are more 

likely to integrate their disabled family members in family and community events.  In fact, contrary to many development 

assumptions, families in urban areas are much more likely to isolate disabled family members, as they must commute to 

work (Karangwa et al. 2010).  Rural members generally live in small, single room homes, where isolation of disabled 

members is impossible due to the agrarian home-based nature of their lifestyle 

Despite these studies that clearly show disabled members integrated into their social environment, older assumptions about 

the abuse of disabled people in lesser-developed contexts continue to influence development projects.  Research regarding 

this assumption about the abandonment of disabled people in the developing world, particularly in rural areas, continues to 

be a common myth in the Global South and among development administrators alike.  Authoritative sources such as the UN 

and the WHO warn about the mistreatment of disabled members of developing communities without much insight or 

research into their daily lives (Khasnabis and Motsch 2010). This assumption leads to post-colonial urban administrators 

assuming the worst about their communities, an assumption that is by no means unique to India.   

Much of the myth of the hidden disabled comes from the assumption that lesser education results in greater stigma for the 

entire disabled population.  However, care for disabled members is not a recent phenomenon, nor a unique one. In general, 

disabled people are integrated into their communities, unless they have one of the specific disabilities that face stigma. 

Unlike popular development assumptions, development is not necessary for families to show support towards their disabled 

members; it takes neither technology nor a complex economy to care for disabled people, just the tendency towards empathy 

and human tenacity for survival. 

Disability as a category is profoundly relational, determined by cultural conceptions of what the body should do and shaped 

by social conditions that exclude full participation in society (Ghai 2015).  Moreover, disabilities are negotiated differently 

given different contexts.  For example, a condition like epilepsy may be interpreted as a divine gift, or an ancestral curse 

(Biehl 2005; Fadiman 1998; Ingstad and Whyte 1995).  Family members with disabilities may be hidden and silenced, 

integrated as laborers, or encouraged to migrate from villages to cities in search of education, work, or services (Eide and 

Ingstad 2011; Phillips 2011).  Those who do migrate are separated from their support network and are often less successful 

economically than they would be in rural areas, having to resort to begging, as observed in Jaipur and Delhi.  Both disabled 
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and abled bodied migrants tend to be less financially successful and retain lower quality of life than non-migrants, though 

migration is usually in one direction, as they are often too embarrassed to return to their villages.  Migration is not only 

typically an unsuccessful path for village migrants, but also deprives villages of skilled members of their community that 

could help catalyze development within their own towns. 

Anita Ghai (2015), a polio survivor in Delhi, theorizes that the current disability models contain the disabled in a binary 

opposition, impeding liberation. Peters (2000) asserts that to establish a positive self-identity, the disabled must identify their 

uniqueness in cross-disability culture rather than in binary opposition of able bodies. The discourse must be de-centered 

from the dominant ethnocentric able-bodied discourse, establishing itself with an individual identity outside of the Other. 

Additionally, a political identity should be established in a way that reaffirms unique cultural identity in the image of 

disabled needs and desires rather than in opposition to the majority (Peters 2000). 

According to Grech (2015b) “the colonial ‘civilising’ mission introduced racial ‘Otherness’ as the key ideological 

component for colonialism to function, rule and dominate.” Creating the native as the Other was crucial for colonization to 

flourish. Quijano (2000) relates that the idea of race did not exist pre-colonization, and was instituted to mark the difference 

between the colonized and the colonizer. This was later expanded to include “supposed differential biological structures” 

that lay the groundwork for the modern eugenics movement (Quijano 2000). Race and racism were more than instrumental, 

but constitutive of the colonial encounter and capitalist accumulation. 

The Otherization of disability in the process goes beyond the marked biological differences.  The violence of slave labor and 

subsequent corporal punishments left the native with visible lacerations and impairments, disabling the colonized and 

furthering the difference between them and the colonizer (Grech 2015b).  The violence and its visible manifestations both 

maintained and perpetuated the same biological and other categories of difference and racial superiority.  Bodies became the 

medium in which these differences were permanently inscribed and displayed. The un-free body of the colonized slave 

became permanently scarred as a disabled body, where disability and colonialism fused together as “the deforming element, 

disfiguring all that has to do with beauty or morality … the depository of maleficent powers” (Fanon 1963:32). And in turn, 

these disabilities came together in mass, known as the “degenerate” and incorporating them among the Others, women, the 

working class, racial minorities, and disabled people (Razack 1998 cited by Grech 2015b). 

These punished and visibly scarred bodies, with evident lacerations, and missing limbs, embodied in a full view of others, 

the outcome of transgressive behavior, and the force in which the colonizer intervened and managed (Grech 2015b).  

Importantly, it served as a warning to other colonized slaves to curb resistance, delivering impairment, and the embodiment 

of the disabled body as the ultimate and irreversible punishment (Grech 2015b). These bodies with their physical anxieties 

and mental tensions, helped serve the colonizer to regulate dissent among the colonized, triggering the politics of “staring” 

that would help to form disability futures (Garland-thomson 2002).  Not only was the disabled body an outward 

manifestation of the consequences of transgression, but it was also a potent all-encompassing tool of discipline and 

regimentation, satisfying the colonizer’s inspecting gaze (Foucault 1977), while acquiescing the native community into 

docility of body and mind through the threat of violence.  

By subjugating the colonized slave into a disabled body, the locus of freedom was consistently repositioned as nondisabled 

(Grech 2015a).  The punished body, now severely disabled, was removed from the physical labor.  However, this was the 

same labor, which kept the slave virtuous; the Calvinism that created the West’s capitalist economy values hard work above 

all else, and sees one’s ability to complete labor as a morally virtuous (Weber 1998).  The nondisabled slave was never able 

to escape his blackness, but at least he was not broken for the purposes of his master.  According to Grech (2015b), “This 

disabled Southern body is never disassociated from race, highlighting the biopolitical dialectic of regimentation.” 
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The impaired slave was not seen as a helpless disabled body; rather it was a body imbued with resistance, malice, unruliness, 

and anxiety (Grech 2015b).  The incorrigibility of the disabled body was to be removed because he was not civilized and no 

longer a productive tool for the imperial project.  The disabled body represented an unruly political force, which must be 

regulated because it defied and threatened the functioning and dealings of the empire through its very existence (Grech 

2015b). 

Colonization reframed and repositioned disability as a condition with signifiers and messages around the ideal colonized 

bodies, built around consciousness of the body, framing cultural normality of what the body can and cannot do (Ghai 2015).  

This cultural signifier is what determines disability: what qualifies as a disability, the level of disability an impairment 

creates, and who faces ableism.  This, in turn, sustains the depreciation of disabled bodies in the broader metanarrative of 

“compulsory able-bodiedness” (McRuer 2010).  Grech and Soldatic (2015) emphasize, “Normativity therefore has strong 

historical roots and should be framed and analyzed in historically and geopolitically referential ways, traceable to what we 

may call a colonial normativity.”  

Trafficking of slaves was an early example of the creation of the “ideal” colonized body; slave traders would pay better 

prices for the stronger “able” prototype, as well as intellectual and other valued aspects including color, height, size, and 

facial features, thereby giving able-bodied normalcy objective economic value (Grech and Soldatic 2015). These bodily 

differences fueled the colonizer’s fetish for aestheticizing difference.  Disabled people were always worth less as productive 

slaves, and therefore slave traders went to great lengths to hide illnesses and impairments in hopes to get better market value.  

Slave traders passing disabled slaves as able-bodied laid groundwork for the disabled ideal to pass as able-bodied at the cost 

of help and accommodation in modern society. Throughout history, disabled people were often then subjected and confined 

in this normalization process, by missionaries and Western medical professionals that imported charity and the European 

specialized institution (Grech and Soldatic 2015). 

The focus on the performative body in which is inscribed social and cultural meaning helps lay a grounds for the 

corporeality of disability; laying the foundation for the medical model in which the primary interest is in bodily impairment 

rather than social experience or understanding (Siebers 2006).  This also may have contributed to the notion of the disabled 

body as a sinful, villainous figure (Davis 1995). 

These measures are merely an extension of the civilization mission and claim the main form of neo-colonization of the 

disabled body today.  The disabled person is repositioned and defined “by their bodily impairment, in junctures of 

pathology/disease, spiritual depravity, charitable weakness/vulnerability, bio-psychosocial infection/contagion – bodies 

instigating the desire/impulse/will to first create anomalies and then to ‘remedy’ and cure them” (Grech and Soldatic 2015:).  

At this point, missionary zeal aimed to cure the human spirit and body through medical and religious means, making the 

medical into a quasi-religious extension of God that would perforate the medical profession and garner extraordinary 

regimenting power over disabled bodies, especially in the Global North (Oliver 1990). 

These measures, including but not limited to institutionalization and sterilization of the disabled people that continue to this 

day, isolate disabled people, cause extraordinary suffering, and created the process of destroying traditional forms of care 

within their communities as these bodies were examined in isolation, including of their own history (Grech and Soldatic 

2015).  As Dalal (2003) explains in the context of colonial India, the missionaries “viewed disabled people as helpless, 

suffering humanity in need of the message of the Christ,” people with “no past, no culture and no individuality….”  

Connecting disabled people to others in their image is vital to rehabilitation and self-esteem. 
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Disability has not only been constructed historically, it has also been locally engaged with for centuries within their own 

nations with various positive and negative judgments, far before the colonial invasion.  Miles (1994), for example, 

documents healing therapies and self-organized groups in many African countries spanning some 4000 years. There remains 

much need for engagement with disability in the Global South through close readings of historical texts, not only to learn 

about disability historically, but to reframe the Southern space and subject as one of agency, including humanity, and that it 

is within this space and agency that discourses need to be shaped and perhaps “solutions” sought (Grech and Soldatic 2015). 

Indeed, a global history of disability remains yet to be written.  The absence of attention to colonial imperialism’s 

relationship to Eurocentric disability studies is perhaps unsurprising, as the colonizer does not want to recollect colonialism 

which challenges his own civility.  The colonial nation is wholly uninterested in owning up to crimes that they benefit from 

but feel they have nothing to do with.  The colonized is perpetually left to trying to create not only interest in, but also 

legitimacy for, his/her own narrative. 

Current inclusive development projects tend to emphasize the identity of the patient as an individual and therefore value 

individual rights, equality, and freedom of choice, contrasting with India and many other countries’ more collectivist values 

(Kalyanpur 1996).  Rehabilitation often means separating the disabled individual from their existing social framework and 

the support system of their family, thereby destroying the existing successes and starting from a new unstructured 

foundation. Nimbkar (1971) explains:  

In the West, the child is encouraged to `grow up,’ to `be a big boy,’ to do things for himself, and he is praised for 

taking such initiatives. The situation is quite the contrary in India. I have seen boys of five and six years of age 

sitting quietly while mother or servant or relative feed them. The situation is similar to the processes of bathing 

and dressing. This is a factor to be considered in the care of the handicapped child, in light of our [the 

practitioner’s] desire to make him as independent and `normal’ as possible.  

The unsuitability of imported rehabilitative technology goes far beyond the differing structures of individualistic based 

models versus collectivist ones. Miles (2000) disparages the inclusive development projects as irrelevant to rural Indian 

needs; there are few stairs in rural India as most of the population lives in single-floored houses.  Additionally, Gokhale 

(1981) warns that rehabilitation of disabled members must be considered within the context of cultural society rather than 

purely physical needs. In the 1980s, an Indian village barber with limited mobility but with the ability to stand, was 

“rehabilitated” with a wheelchair from Bombay.  Upon returning to his village, the barber found that the wheelchair left him 

unable to resume his profession as a barber: his status and caste within his rural community did not permit him to serve his 

clientele seated in a chair (Gokhale 1981). 

While the community-based rehabilitation (CBR) model pioneered the effort to include the community and family members 

in their rehabilitation projects (Periquet 1984) and offered a functional, rather than clinical approach (Werner 1987), 

disability advocates critique the model as still far too individualistic and dependent on outside resources and interventions.  

Werner (1987) offers that the model assumes, “a considerably sophisticated level of coordination of health, vocational, 

educational, and social services in countries where disability issues are low priority” (Kalyanpur 1996). 

Kalyanpur (1996) argues that depending on the severity of a person’s disability, the disabled enjoy some amount of social 

integration and participation.  Rather than preventing cultural mishaps such as Gokhale’s (1981) example of the Indian 

barber being rehabilitated in a wheelchair that socially prevented him from serving clients, Kalyanpur (1996) argues that the 

CBR model still creates a dependence of the disabled on highly skilled specialists to create technology that often translates 

poorly to the village setting and is unreliably implemented. When the CBR model is implemented, it creates dependence on 

the practitioner.  By that nature, families feel helpless without continued intervention (Kalyanpur 1996).  The CBR model 

“has done little to recognize, respect, and build on the resources, skills, and strengths that already exist within local 
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communities” (Kalyanpur 1996:256).  Therefore, the poor implementation of the CBR model by village health workers may 

be due to the unsuitability of the model rather than stigma against disabled community members. 

 2.  Methods 

In the following account, I attempt to give agency to the disabled people I interviewed to tell their own story, from their 

perspective, from a story that is disability led and informed. I conducted my qualitative research in the form of semi-

structured interviews and participant observation, a research guideline that was previously approved by the Local Review 

Board in Delhi.  These accounts were contextualized with the participant observation I had conducted throughout my travels 

in rural villages throughout Rajasthan and Uttar Pradesh in addition to Jamkhed’s surrounding villages and contrasted with 

the experience of living in urban New Delhi and visits to Jaipur, Udaipur, and Lucknow. 

CRHP is located in a small town called Jamkhed in Maharashtra, India, known for its weekly cattle market by villagers 

nearby. CRHP is a development center formed in the 1970s that chose Jamkhed because of how undeveloped the region was.  

Their philosophy is teaching villagers how to develop their communities themselves, using the resources they have in their 

community.  CRHP also makes strategic efforts like placing wells in Dalit sections of town during droughts in order to 

mitigate the effects of the caste system. The region is very much agrarian and has little exposure to visitors other than those 

who work for the organization.  

I gathered informants from both Jamkhed itself and the villages surrounding.  Many of the informants were connected to 

CRHP through employment or family member’s employment, though care was also taken to survey the project villages 

(villages in which CRHP has affiliation) for other disabled members of the community that CRHP does not employ.  

Interviews were conducted with nine disabled informants with non-stigmatized disabilities, two with stigmatized disabilities, 

eight familial caregivers, and various informal conversations with the mobile health team, translators, and the two children 

of the founders of CRHP who now play the role of administrators of the project.  In addition to the month I spent formally 

researching the disabled subjects and their families, I spent an extra month interning for the organization and learning their 

strategy in employing their mission. 

Disabled informants were chosen based upon caste, religion, income and gender to get a representative sample of the 

community surrounding Jamkhed.  In addition to those with arm and leg impairments, I had the opportunity to hear stories of 

many other community members, including those who overcame stigma of their community through the involvement of 

CRHP. 

In order to determine whether age of disability onset is a factor in general acceptance from the disabled, their family 

members, and their community, I looked for informants who acquired their disabilities before and after the age of identity 

formation according to Stryker and Burke (2000). Rather than judge severity of impairment from an objective test made 

outside of the community, I allowed informants themselves to determine their standing and couched their stories only in 

their own perspective.  Disabled informants were chosen according to their own definition of “having problem,” the 

translated term for disability in the community.  Because I aimed to study socialization and relation to the family in the 

context of chronic impairment, disability type was not considered important; rather, people had to identify themselves as a 

disabled subject, rather than a Western identity defined by the medical model or even impairment type. 

The semi-structured interviews covered informant’s life history, their relationship to their family and their community, their 

daily routine, conception of self versus the conception of their disability, and their self-reported quality of life. If the 

informant spoke English, I used vernacular language whenever possible, allowing their lens to reflect their story, only 
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editing for clarity. Thematic codes were created retroactively based upon their answers to reinforce the disabled-led, 

disabled-defined “Nothing about us, without us” nature of this paper.  

2. Results and Discussion 

Regardless of caste or religion, in South Asia the care of the aged, the helpless, and the young is considered the duty of the 

family. The women of the family, usually the mother and sisters and other female relatives distribute the household chores to 

best accommodate their disabled children. Efforts are made to ensure that disabled individuals are accompanied at all times. 

While they are expected to do all possible jobs, there might be a relaxation in the amount of load carried, or the time taken to 

perform a particular task. Work distribution may entail the disabled sharing a greater load of the household chores while 

others pursue agricultural labor. A disabled woman often gets a lot of support in her natal home; however in her marital 

home she is expected to do all the household chores. In order to avoid this sudden removal of support, disabled women are 

often married into a joint household along with a sister either to the same man or a pair of brothers. 

On the other hand, a man will never leave his joint family home, as his wife is expected to move in rather than he to move 

out, and he therefore enjoys the privileges of lighter chores throughout adulthood. Most of the disabled women continue to 

perform almost all the household chores, including fetching water from the well, cutting fodder, cooking, cleaning up, etc., 

all tasks that stretch their maximum bodily limit.  One informant, a male polio survivor named Raju, described performing a 

similar amount of household work: usually tasks assigned to children. 

Due to the strong interdependence of the familial unit, the informants I spoke to found their primary identity through their 

role in their family and their work. Nearly all my informants mentioned being good role models and providers for their 

children, when asked what they like about themselves.  Often, they insisted on beginning their interviews by listing their 

family members’ names, ages, and professions, before speaking about their selfhood, because of how intrinsic their family’s 

role in their identity is. Each of the informants de-emphasized their limitations and focused on their family and technical 

abilities instead.  With a socially accepted disability and with familial support and economic independence, my rural 

disabled informants develop a socially-abled selfhood, in which their disability is not a main factor in their quality of life or 

identity but rather just an aspect of their communal self and economic orientation. 

The community seemed unbothered by the lesser productivity of their disabled members compared to able-bodied adults.  

One man explained, “In rural areas there are a lot of people like this with no medical facilities so people adapt to this,” in 

reference to disabilities from polio.  Kailash, Raju’s brother explained, “He is a burden, but at the same time, there is no 

alternative but to do his work.”  Kailash and Raju support each other as a familial unit and no resentment was exhibited.   

A brother of another informant named Junaid laughed when I asked about Junaid’s disabled status, “He has two sons, and 

one of them is already earning money.  So, he’s not dependent.” Junaid insists that life is not much different than before, 

laughing jovially.  Before his stroke, Junaid managed his family tea stall.  Now he no longer works, but spends the majority 

of the day chatting with regulars at his family’s stand.  Though he was initially saddened by his disability, Junaid adjusted 

and is enjoying early retirement. Because Junaid has sons to support him financially, he is not troubled by the limitations of 

his disability even though it prevents him from being the provider for his family.  Despite his disability and resulting lack of 

financial productivity, Junaid remains self-actualized due to the presence of his sons in his life.  In fact, the role of sons is so 

important, that people without sons of working age that have disabilities are less well adjusted to their disability status than 

those who’s sons care for them economically.  After all, the birth of a son negatively correlates with the rate of postpartum 

depression in this community. 
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With limited medical access, the disabled in rural developing communities are not expected to get better.  Even if there is 

reliable medicine nearby, families often cannot afford to pay the doctor, or pay the financial burden of taking time off work.  

In India, the sick are rarely unaccompanied by a family member when receiving any type of medical care, so going to the 

doctor requires the loss of wages for at least two family members.  Even though CRHP offers free medical care, the loss of 

wages during doctor’s visits and hospitalizations are still an obstacle, especially if someone is in the Shudra caste and needs 

people at all times to maintain the farm and take care of the animals.  Therefore, disability, even potentially curable 

disability, is exceedingly common due to lack of medical care. Though they may initially be reluctant, disabled individual 

usually adjust to their new limitations after a brief mourning period, especially if they have access to socially acceptable 

economic and physical support. 

Disabled people are allowed to participate in the community according to their abilities because all hands are needed for 

economic sustenance in rural areas. Rather than being forced to pass as able-bodied by keeping up with the same level of 

productivity, the disabled are allowed to develop a nuanced role of lesser productivity but remain contributors to the larger 

economy.  In this way, they take the form of the termed socially-abled self, in which their disability is de-emphasized and 

their identity is defined by their economic and familial roles. 

In fact, people that seemed to have trouble adjusting to their disability status were those who were both unemployed and did 

not have access to a culturally normative method of adjusting to their limitations: for example, by lack of sons, as 

demonstrated by Kashabai, a female disabled elder in the Jamkhed community. People only feel burdensome if they are 

dependent on a person whose familial role does not typically support the relation in question. 

Kashabai has trouble adjusting to her disability status because of the early end of her abusive marriage and untimely death of 

a teenage son. Traditionally, a woman of her age would be cared for and financially supported by a son.  Without a husband 

or a son, Kashabai feels burdensome in a way that Junaid will never feel, especially compounded by the fact that she herself 

is a woman, despite her high caste.  In Indian society, having a daughter is already an onerous fate; womanhood is looked 

down upon in families with less economic resources, especially in rural sectors of society.  This dependence on her brother 

will be an additional factor of her sadness. Women are supposed to be dependent on their husbands and their sons after they 

become adults, but Kashabai has neither. For most of her life, Kashabai worked on CRHP’s campus as kitchen staff, 

depending on her own income, but an accident a year ago compounded with already severe arthritis, resulted in her living in 

CRHP hospital full time.  She feels burdensome for her disability status: 

Now I can’t do anything for myself.  My brother sends me food; my sister-in-law washes my clothes.  All the 

time I am worried about myself being dependent on others… Always I think I should walk, I should work, I want 

to help in kitchen and {I] feel bad. 

The disabled early in their adjustment to their disability like Kashabai tend to have a more difficult time adapting.  Loss of 

capacity, compounded by dependence on a nontraditional household member, can lead to poor emotional adaption.  

Feroze, a 27-year-old man with an amputated leg, feels similarly burdensome.   Because his sons are not old enough to work, 

he is dependent on his mother for financial support.  Despite being economically stable, his dependence on his mother is not 

socially acceptable and, therefore, makes him feel “bored and broken.”  Having only been disabled for two years, Feroze has 

not had time to adjust to his new bodily limitations. 

Given a positive economic stance, a spouse, and/or sons, disabled people have little variation in social standing than other 

villagers of their caste and gender. 
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The other side of villagers finding a socially acceptable route to take care of their disability is having a socially acceptable 

disability in the first place. The primary contrast between the prior informants and people with lower self-acceptance of their 

disabilities is the role that stigma plays.  In Jamkhed, disabilities are stigmatized mostly due to perceived contagiousness, 

and stigmatized ailments are limited to leprosy, tuberculosis, HIV/AIDS, and schizophrenia. Though fear of contagion is the 

main source, the Otherization process is more complicated; fear of witchcraft, and socially unacceptable behavior are also 

related to the social conditions.  

Villagers poorly understand HIV/AIDS.  Few know how it’s spread, and therefore, the resulting fear is that it’s airborne like 

the flu and can be spread through the preparation of food like typhoid.  Those who do understand the disease is only spread 

through sexual contact associate it with immorality and prostitution.  Tuberculosis, on the other hand, is easily spread in 

close quarters and is contracted through airborne contact with infected patients.  However, this is not the main source of 

stigma; tuberculosis patients often face ostracism because the disease is associated with HIV/AIDS.  Due to compromised 

immune systems, tuberculosis is easily spread to those who are HIV positive and, therefore, tuberculosis is stigmatized as a 

betrayal of HIV status. 

Stigma is more complex than fear of contagion or immorality.  Some Hindus believe that disease is punishment for 

wrongdoing of you, yourself in a past life, or even that of a family member.  The lack of education and awareness of 

villagers is particularly dangerous for those mentioned above.  Some believe witchcraft cursed the disabled person with 

disease; a deadly assumption that can result in not only ostracism, but dangerous “quack” medicine and sometimes even 

murderous witch-hunts (Shaffer 2014).   This is especially true in the case of schizophrenia, in which a person is especially 

unable to abide by prescribed social norms. 

Many villagers respect the advice of unqualified and uneducated “quacks” or “medical” magicians over that of government 

doctors, as they tend to spend more time with their patients and perform tricks that seem much more impressive than much 

of biomedicine.  Such tricks include filling a coconut with dark powder that they allow their patients to inspect and then 

crack open, then attribute the blackness to the demon possessing their patients.  This trickery is then often followed with a 

prescription plan involving rituals that offer no practical medical effects. 

However, “quack” medicine is not limited to stigmatized disabilities and, in many settings, rural and urban, people choose to 

go to witchdoctors.  Therefore, instead of trying to secularize the community, CRHP trains the witchdoctors in effective 

treatments, which benefit not only the community members, but lessens the burden on CRHP, and allow the witchdoctors to 

profit from effective medicine. 

In a society where illness and disability are accepted as part of life, why is there such fear of contagion in these select 

illnesses?  Many ailments have superstitious beliefs and quack treatments associated with them, without the diseased being 

ostracized from their communities. Contagious disease is common, with many children dying of preventable diarrheal 

diseases due to poor sanitation systems.  After all, before polio was eradicated as recently as 2012, it was contagious in 

epidemic proportions, causing both death and disability.  Still, Raju and other informants that survived polio were cared for 

by their families during their bout of polio and continue to be integrated into their community to this day.  For this reason, I 

hypothesize that the selection of ostracized ailments is more complicated than mere postulates of contagion and witchcraft. 

Tuberculosis, HIV/AIDS, schizophrenia, and leprosy are all similar in that they are chronic ailments with variable states of 

function, which do not allow them to fulfill their social responsibility of production and reproduction.  While many people 

have disabilities that limit their function, they are generally consistent in their limitations.  For this reason, the community 

knows what to expect out of their disabled members on a reliable basis and incorporate them into their economy. 
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In the selected ostracized ailments, the villagers do not know what to expect of those with these stigmatized diseases on a 

month-to-month or even day-to-day basis.  Therefore, the stigma is placed within a feedback loop, in which the fear of 

contagion and variable ability feeds into perception of inability to maintain employment and contribute to the familial 

economy.  The inability to reliably produce at a consistent level, along with the fear of contagion, keeps the ostracized out of 

the workplace, which feeds the stigma, as they are unable to maintain the social requirements of production and 

reproduction.  Therefore, they are constantly contained in the liminal space between sick and not sick and unable to ascribe 

to the nuanced, socially-abled role, benefited to the rest of the disabled community. 

There is great importance in analyzing these stories of the disabled, and especially those with stigmatized disease from an 

intersectional perspective.  Had either of my stigmatized informants, Sakhubai, a Dalit with leprosy, or Ratna, a Shudra with 

HIV/AIDS, been from a higher caste or a better economic position, they would have received medical treatment long before 

their disease showed noticeable effects.  If wealth were the case, Ratna and Sakhubai would have skipped the ostracism from 

their families and communities.  Instead, due to their caste and economic positions, Ratna and Sakhubai are only fortunate 

exceptions, who did not die from their diseases due to intervention from a free hospital.  Even more luckily for them, they 

were rehabilitated into jobs at CRHP, a development agency that created a stigma-free society on their campus and in their 

project villages.  

Young or old, people’s identities are defined by neither positive or negative associations with their disability; rather, they 

and their family’s economic accomplishments, their children’s marriages and existence of grandchildren are far more 

important in the formation of their identity.  They are also less likely to feel connected to other disabled people with different 

impairments than themselves because they are not one complete oppressed social group.  Rather, the bodily self is de-

emphasized along with the identity of the individual.  Instead, the individual defines himself by his interdependent social 

collective, a socially-abled self, focusing on the relations and the production that their familial connections depend on.  

Employment is important because of its role in taking care of the family, and the self is only important in that context.  Even 

in stigmatized disabilities, the negative association comes from their lack of family and work, rather than their impairment. 

In rural India, there is no disabled self—there is only the disabled family, contingent on one another for survival, just as their 

able-bodied neighbors are interdependent on their own social support network. 

4.  Conclusion   

Development is often equated with urban industrialization.  It’s an appealing idea: industrialization increases overall material 

wealth, restructures society, and creates important new schools of philosophy, but the social impact of industrialization is 

profound. For the first time since the Neolithic Revolution when humans formed civilizations and became stationary, people 

work outside of the local environment of their homes, therefore away from their disabled family members. Even in agrarian 

areas, the more industrialized caste of Vaisyas commute to their place of work, as trade is the way they make their living, as 

demonstrated by Dattu.   

 

In Indian cities today, similar to many newly industrialized cities, children are sent to work in factories where they were 

exploited and ill-treated; women experienced substantial changes in their lifestyle as they take jobs in domestic service and 

the textile industries, leaving the agricultural workforce. The economic labor separates family members from the culture of 

their family homes.  Because workers are exploited and expected to work long hours away from their home, disabled people 

became more isolated.    

 

Stigmatization of the certain ostracized disabilities in the community are a result of a stigma triangle (see Figure 1.): inability 

to reliably fulfil social roles feeds ostracism and the fear of contagion in a centrifugal way. Therefore, stigmatization 

primarily results from inadequacy to fulfil social norms.  Development initiatives should focus on ameliorating not only 
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medical contagiousness and educating community members, but also economic development. Education regarding lack of 

contagion alone cannot fully integrate a stigmatized member into society, because social integration requires more than the 

medical aspect of rehabilitation. Employment for the ostracized is necessary. Those with stigmatized positions, whether of 

low caste, gender, or disability, can best prove their worth by becoming vital resources for the rest of the community, 

employed in jobs that better the society, utilizing the 

“trickle-up” method of development (Smarandache and 

Christianto 2013).  This in turn lifts the entire community 

and gives sustainability to economic development.  This 

form of development is dependent on the skills already 

intrinsic to the community, which benefits the rest of 

society, and therefore allows economic and social change, 

without creating a cultural upheaval dependent on outside 

funding.        

         Figure 1. 

In all productive revolutions, skill greatly determines quality of life.  That is one reason why Monika and Meena are able to 

be so successful; they are of a social class that provides them with the skills that come from education that then guarantee 

employment. Dattu is successful because of his training as a barber, allowing him a trade easier on the body than his 

previous life-style of goat herding. In urban industrialized society, it is harder for disabled people to prove their skill, as 

there are already more people than the economy can support, leaving able-bodied people unemployed as well.  Therefore, 

disabled people have less social capital in the cities. This contradicts older beliefs regarding development that assumes 

greater development results in better social integration for the disabled.  Instead, development must be carefully 

implemented to help integrate stigmatized members of the community without creating further social fracturing.  

Much of the myth of the hidden disabled comes from the assumption that lesser education results in greater stigma.  

However, this is only true in the case of the stigmatized disabilities previously described, such as HIV/AIDS, schizophrenia, 

tuberculosis, deaf-blindness, and leprosy.  Overall, people with disabilities in rural areas face less stigma than those in the 

post-industrial West or even urban centers within their developing countries, as they are not facing expectations of 

maximized productivity and competition with able-bodies for jobs in rural areas (Weber 1998).   

 

In agrarian societies, parents have as many children as they can to provide help around the farm. Disabled or not, everyone 

participates, maximizing their work to the limit of their ability, because it is necessary for survival. For example, even Raju 

carries water to the house in the morning, so that he can do what he can to take care of the farm. Usually, in the case of 

greater development, the population becomes more productive on both a societal and individual level. However, the 

productivity of the disabled individual doesn’t generally increase due to limitations of his or her body, unless the disabled 

person is of a social class that provides them with the skills that come from education that guarantee employment. Therefore, 

the nuanced role of embodiment of the socially-abled self is hypothesized to be harder to achieve in urban centers: the model 

of the socially-abled self was developed to describe the social conditions in which allowed disabled members to fully 

participate in the community due to economic and social advancement that is particular to the economic realities of the rural 

environment.  In this model, the disabled socially-abled self does not worry about his or her own future and is at peace with 

his or her own disability status, something that is achieved because of the unique interdependence required in rural 

developing areas. 

 

In rural areas, people with non-stigmatized disabilities have a nuanced, socially-abled self, and are never expected to get 

medically cured.  Therefore, they are never trapped in liminal space. The lack of binary opposition between disabled 

members of the rural community and their peers debunks the older assumption that community integration is dependent on 

increased development.  For many disabled people, it is easier socially to live in rural areas because of the outpouring of 
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community support.   Generalized stigmatization of disability as a whole is caused by their perceived physical or mental 

inefficiency and therefore perceived inability to make income and is not intrinsic to a society until urbanization. Through 

urban industrialization, efficiency becomes a major desire in all employees, to make maximum output.  In cities, there is no 

dearth of potential employees; as disabled people are assumed to be less efficient, their main source of economic viability 

comes through begging.  

 

In regards to development, it cannot occur through force; passive urbanization works neither on socially or economically.  

Rather, the resources of the community should be utilized to create sustainable development.  Agricultural industry should 

not be disregarded, and even bringing industrial agriculture to an area shouldn’t be initiated unless there is a demonstrated 

need and request.  In general, the principle of axiom of choice thoroughly determines when and how development should be 

occurring: communities generally know their own needs best.  
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Abstract 

In recent years the issue of equal opportunities has been the object of a major research effort, which has progressively 

influenced the policies and measures of the European Union, albeit to a varying extent and through different processes. These 

include the “Strategy for equality between men and women 2010-2015” and the “Europe 2020” strategy with which the EU 

has set itself a number of challenges, including the reduction of gender inequality in the job market. In particular, during the 

1990s, the EU policies on equal opportunities defined a new guiding principle – gender mainstreaming – which has slowly 

and indirectly permeated the management strategies of public and private organizations . 

Italy, in particular, has been somewhat slow to adopt these innovations.  Statistics presented for example in the Annual Report 

of the World Economic Forum (WEF) on the condition of the “gender gap” in 2016 place Italy 50th out of the 142 states 

considered, which is lower than in the previous year. Italy, therefore, was and still is lagging far behind. Many public and 

private organizations have adopted the tools and strategies of gender mainstreaming by means of different approaches, at 

different rates, and in the absence of clear national policy guidelines and with no useful strategy for ensuring significant results.  

Among public-sector organizations, the University of Salerno has implemented a number of socio-environmental tools. These 

include: the Social Report, with which  the Administrative bodies can inform their stakeholders of the impact that their policy 

and management choices have on the quality of life within their working community, assessing the coherence between what 

has been scheduled and what has been achieved; and the Gender Report, which is a complementary document integrating the 

Social Report, albeit with its own specific identity, which aims specifically to promote real and effective equality between 

women and men with an analysis focused on the dimension of gender. 

The University’s Social Report is now in its fourth edition and it was from this experience that the idea of drawing up the first 

Gender Report was hatched. The purpose of this paper is to analyze the evolving dynamics on the issue of social responsibility 

and highlight the current situation regarding methods, indicators and strategies for assessing the choices and commitments 

made by the University on the issue of gender equality and equal opportunities.    

The Gender Report aims to point out the diverse composition of groups present on campus, by reporting on the various 

activities carried out in the three main directions: education, research and third, mission. In this connection, the Report contains 

an extensive contextual analysis and reports the data referring to different gender identities so as to identify cultural and 

structural obstacles giving rise to mildly critical situations, above all in top management positions.  

The first edition of the Gender Report represents a starting point and constitutes a valid tool for assessing future choices and 

commitments within the university in the context of gender equality so that short-term and long-term strategies can be planned, 

in order to narrow gender gap in work and society. 

 

Keywords: Gender Report, Equal Opportunities, Public Organizations  

1. Introduction  

Gender equality is a conquest of our time that has long been consecrated in the main international charters dedicated to 

individual human rights (Curti Gialdino, 2007). 

On 24th March 1947, the Constituent Assembly overwhelmingly approved Article 3 of the Constitution, which proclaims one 

of the fundamental principles of the Italian Republic: equality before the law regardless of gender. Historically speaking, it 

represents the first stage of a long and difficult path aimed at achieving gender equality, and since then a legislative process 

has been underway to make the constitutional dictate effective (Berutti and Chiozzi, 2016). 

Unfortunately, this path has not always been linear and progressive and, above all, the legislative provision not always been 

reflected by the actual situation in the workplace. Statistics drawn up by the World Economic Forum Annual Report on the 

"gender gap" in 2016 place Italy 50th out of the 142 states considered, which is 9 places lower than in the previous year. Italy 

was, and still is, lagging far behind while Britain, the United States, Germany and France were ahead. In 1979 Margaret 

Thatcher was elected Prime Minister of Great Britain, prior to that in 1969, Golda Meir became the head of state of Israel, and 
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in 2005 Angela Merkel took over the leadership of the German Chancellery. In 1980, Indira Gandhi was at the helm of the 

largest democracy in the world. 

Therefore, the need to draw up the Gender Report reflects transparent requirements with respect to the opportunities for study, 

research and work in university life as far as conditions of equal opportunity are concerned. The issue should be tackled in the 

awareness that inequalities still exist even though much has been done to overcome them (UNDP, 2014). 

Currently, a global reference to equality and equal opportunities is to be foun in the 2030 Agenda for Sustainable Development 

and its 17 Sustainable Development Goals. (UN, 2015), a plan of action for people, the planet and prosperity. The 17 

Sustainable Development Goals are integrated and indivisible, balancing the three dimensions of sustainable development: 

economic, social and environmental.  In particular, Goal 5 - “achieve gender equality and empower all women and girls” – 

states “gender equality is not only a fundamental human right, but a necessary foundation for a peaceful, prosperous and 

sustainable world”. In fact, “providing women and girls with equal access to education, health care, decent work, and 

representation in political and economic decision-making processes will fuel sustainable economies and benefit societies and 

humanity at large” (UN, 2015). A clear first reference to the application of equality and equal opportunities between men and 

women in public-sector organizations in Italy can be seen in the Directive of the Department for Rights and Equal 

Opportunities of 23 May 2007, in which the Gender Report is indicated as a tool capable of "allocating resources to services 

according to the different needs of women and men in the area," enhancing their function to support the planning and 

improvement of governance in terms of parity and equality . 

Furthermore, the Directive expresses the wish that "Gender Reports should become a consolidated practice in the social 

reporting activities of Administrations," in a context of socially responsible public action. 

In line with this approach, the Legislative Decree No. 150 of 2009, known as the "Brunetta Decree", calls for the reporting of 

results as a fundamental step in performance management (Article 4) and requires public-sector organizations to submit an 

annual Performance Report containing the "organizational and individual results achieved with respect to the various 

objectives and resources" and " the resulting Gender Report " (Article 10). 

This Decree does not make the Gender Report mandatory, but it does recommend drawing up such a document in order to 

ensure compliance with the "optimization of public-sector productivity and of the efficiency and transparency of public-sector 

organizations". 

Likewise, in the academic context, the Conference of the Rectors of Italian Universities (CRUI) of 19 January 2017 approved 

a document for the promotion of the Gender Report as a tool for gender equality in universities and took steps to promote its 

dissemination within the university system. 

To date, fewer than 10 Italian universities have chosen to publish full or partial data on the number of students, teachers, and 

technical and administrative staff and on the composition of the various university bodies, disaggregated by gender (GR of 

Bologna, 2016). The first Gender Report was published by the University of Ferrara in 2011, followed by the University of 

Perugia, the University of Naples Federico II, the University of Foggia, the Alma Mater of Bologna and the University of 

Padua (GR of Padua, 2016). 

The first GR of the University of Salerno contains an extensive context analysis and reports data regarding students, teaching 

staff and technical and administrative staff, identifying the different composition of the groups and human resources that 

operate within the University (UniSa). The drafting of this document, considered a veritable act of responsibility towards the 

various stakeholders who participate and are interested in the life of the University and, as such, have the right to know the 

gender equality results achieved through the exercise of governance.  The communicative impact of the GR occurs through 

the processing of a large quantity of information, indices, graphs and tables and the considerable importance that the University 

of Salerno attributes to its resources and potential. 

The first edition of the GR represents a fundamental starting point and a solid knowledge base useful for defining and assessing 

the focus of current and, overall, future policies aimed at reducing the gender gap. 

In general, the data collected points to the existence of cultural and structural obstacles that give rise to situations of slight 

criticality, above all in top positions.  
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The close relationship existing between the two reporting voluntary tools adopted by the University of Salerno, the Gender 

Report and the Social Report, of which the latter is now in its fourth edition should be highlighted. This relationship emerges 

by analyzing their structure, goals and recipients. Similarly to the Social Report, the Gender Report aims to collect data 

regarding resource management and the effectiveness and efficiency of the actions planned and implemented. The Gender 

Report pursues the goal of a policy of effective equality between men and women and can be considered as complementary, 

albeit with its own specific identity, to the Social Report, and  integrating the Report with an analysis of the gender variable 

(Genova and Vincenti, 2011). 

The document is divided into two parts, preceded by a Presentation by the Rector which highlights the University’s 

commitment to the issues at hand, and by a  methodological premise which details the choices and procedures adopted and the 

references used. 

The first part of the GR opens with a description of the main activities conducted by the University of Salerno for over a 

decade in order to promote equal opportunities, starting with the establishment of the Equal Opportunities Committee and the 

appointment of the Rector's First EO Officer, and then carries out an analytical overview of the initiatives, events and 

relationships that have contributed to the creation of a close-mesh network of national and international relations. 

The document continues with the presentation of policies to support equality and equal opportunities pursued through the 

establishment of an interdepartmental Observatory for Gender Studies and Equal Opportunities (OGEPO), a Gender Lab and 

the setting up of an Inter-institutional Committee to combat violence against women and minors with a view to presenting an 

investigation that aims to detect the presence of gender issues in teaching and research fields at the University. 

The second part illustrates the context data related to different gender identities, such as male/female students, teaching and 

research staff, and technical and administrative staff, and the gender disaggregated analysis of the human resources involved 

in governance and policy-making. 

The GR goes on to present the bodies responsible for safeguarding gender equality in the University, outlining the tasks and 

functions of the Single Guarantee Committee (CUG) and the Ethics Committee and then detailing the main welfare initiatives 

undertaken by the University of Salerno and two particularly noteworthy activities: the "ConciliAzioni" project and the "She 

business" project, both aiming to engender processes of emancipation, freedom and social justice. 

The Gender Report concludes with a series of attachments that contain a glossary of the acronyms used and a list of the tables 

and figures in the document. 

The preparation of the Gender Report has entailed a painstaking activity to collect and analyze information and data. The data 

has been collected over a number of years for the different gender identities, but the heterogeneity of the consulted sources 

has made it difficult to organize, process and analyze the information regarding the same periods. In any case, it has was 

considered preferable to proceed with the representation of such data to allow readers to appreciate the changes that have taken 

place in the performance of the University over time.  

The sources of quantitative data were obtained from multiple databases at both a University and a national level (MIUR - 

Cineca, MEF, Almalaurea, etc.).The qualitative information, on the other hand, comes from institutional documents (statute, 

regulations, positive action plan, CUG activity report, etc.) and from the University Web Portal. 

The Equal Opportunities path at the University of Salerno, based on a small-steps policy, was implemented by a group of 

women who, in the late 1990s, assembled teaching staff, technical and administrative staff and representatives of the trade 

unions, with a discontinuous participation of students, in a common project that achieved mixed results. 

The first constitution of an Equal Opportunities Committee (EOC) dates back to September 1999 and comprised administrative 

and technical staff, put forward by the trade unions, but no teaching staff or students. It had the main aim of identifying 

"positive actions" that would guarantee university-wide equal opportunities in the fields of work and study in line with 

European policies, the first of which aimed to stipulate agreements for the creation of a playroom or a nursery school. Although 

this need was deeply felt by university staff, it was not satisfied until about nine years later with the creation of the University 

Nursery School, which admitted its first children in the school year 2010/2011. The University of Salerno was the second 

Italian University, after Parma, to have such a structure. 
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As there were no particularly significant interventions during the first few years of the EOC’s life, it became necessary for the 

Rector to appoint an Officer for Equal Opportunities (EO) who could raise awareness of and sensitivity towards the EO policies 

at the University. 

In the early years, between 2000 and 2004, the EO Officer laid the foundations for the formation of a network of relationships, 

through numerous meetings at the Ministry of Equal Opportunities with the EO Officers from other Italian universities, as 

well as at the Department for Equal Opportunities of the Campania Region with members of the EOC of other universities in 

Campania. 

The first EOC event was held in 2004 and paved the way for a broader involvement of the University, with women throughout 

the area taking part in the various Equal Opportunities Commissions of local authorities. After this, the presence of the EOC 

in the University gradually decreased until meetings ceased altogether. 

As a result, in 2006 the EOC of the University of Salerno was established with a decree from the Rector and was empowered 

to "promote female employment and achieve substantial equality between men and women in the workplace". This committee, 

made up of two representatives from the teaching staff, one from the student body and one from the technical-administrative 

staff, aims to foster collaboration between the three components of the university world and, at the same time, to establish the 

conditions for the creation of a new EOC, equipped with a Statute complying to the provisions of the law. In this respect, the 

Commission strove to set up an EOC which was then effectively appointed in 2008 with solely administrative and technical 

staff (GR of Salerno, 2018). 

The Commission also intended to implement family-friendly policies which, in line with European guidelines, would allow 

everyone (men and women) to ensure the quality of time spent at work and in their personal lives. Many of the initiatives, laid 

out in the EOC’s Positive Action Plan (PAP) were later implemented by the interdepartmental Observatory for Gender Studies 

and Equal Opportunities (OGEPO) established in 2011 and, for same, also with the support of the Single Guarantee Committee 

(CUG), established in 2014.  

Figure 1 reports the main initiatives laid out in the PAP and implemented by the Observatory in recent years. 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

891



 

Figure 1. Main initiatives of OGEPO with support of CUG. 

 

The University of Salerno's Report, in addition to providing valuable and complete information on gender equality in the 

various structures and functions of the University, makes it possible to focus on the many activities undertaken in recent years, 

from the establishment of the EOC and the appointment of the first EO Officer to the creation of a network of relationships, 

numerous training courses, and finally the GR. The Gender Report highlights mostly positive features because it is clear that 

a decisive and irreversible path has been taken towards gender equality, with women leaving their traditional areas of expertise 

relevance to take up prominent positions across the board. 

2. Identity of UniSa in a gender perspective 

The gender composition of the governing bodies, outlined in the Statute of the University of Salerno and represented in Table 

1, shows that in the period under analysis (from 2013 to the present day) the roles of both Rector and General Manager have 

always been performed by men. The function of Deputy Rector, on the other hand, has been performed alternately by men and 

women in the years considered. The clear prevalence of the male gender is also confirmed in the Academic Senate and in the 

Board of Directors, although it should be noted that the number of women in the Senate has risen by two units over the last 

year while there is one less woman on the Board of Directors, representing a fall in representation from 30 to 20% (GR of 

Salerno, 2018). 

Table 1. Gender composition of governing bodies. 

Bodies 2013 2014 2015 2016 

  
Women Men Tot. Women Men Tot. Women Men Tot. Women Men Tot. 
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Rector  1 1  1 1  1 1  1 1 

Pro-rector 1  1  1 1  1 1  1 1 

General 

Manager 
 1 1  1 1  1 1  1 1 

Academic 

Senate  4 26 30 4 26 30 4 26 30 6 24 30 

Council of 

Administration 3 7 10 3 7 10 3 7 10 2 8 10 

 

The data on research and teaching staff shows a clear prevalence of men over women and, furthermore, the representation of 

women decreases towards the upper levels (Table 2).  Out of a total of 966 teaching staff at the University of Salerno, there 

were 368 women and 598 men at 31 December 2015. 

An analysis of the percentage weight of the composition by gender in relation to each role points out that the female component 

in UniSa is consistently higher than the national average with the sole exception of female researchers with permanent 

contracts, who are relatively fewer (-1, 2%), but it is also evident that in no role, either in Salerno or in Italy, do we find a 

representativeness corresponding to gender equality (Table 2). 

Table 2. UniSa Professors by gender (2015). 

 

 

 

 

 

 

 

 

 

Continuing with the analysis, it was also considered interesting to investigate the weight of each teaching role with respect 

both to the gender total and to the teaching staff as a whole. 

A comparison of the situation at Salerno University with the national one indicates that the higher up the academic ladder we 

go, the female component in UniSa is better represented than in other Italian Universities while considering the teaching staff 

in Salerno we find a more ponderous weight among researchers and a slightly higher figure among full professors (Table 3). 

 

Table 3. Professors by gender in Italy and UniSa (2015). 

 Italy UniSa 

Teaching Staff Men Women Tot. Men Women Tot. 

Fixed-term University Researchers 2356 1761 4117 30 25 55 

Permanent University Researchers 9149 8295 17444 170 147 317 

Associate Professors 12736 7314 20050 221 135 356 

Full Professors 10101 2776 12877 177 61 238 

Tot. 34342 20146 54488 598 368 966 

 

Turning to the second aspect, i.e. role and gender with respect to the national context, it can be noted that the data interpret a 

more favorable condition in all other academic positions for the University’s teaching staff, starting from the role of researchers 

Teaching Staff Men Women Tot. % Women 

Fixed-term university Researchers 30 25 55 45.5 

Permanent University Researchers 170 147 317 46.4 

Associate Professors 221 135 356 37.9 

Full Professors 177 61 238 25.6 

Tot. 598 368 966 38.1 
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whose percentage weight is equivalent for the two contexts. The weight of men in the University of Salerno is lower, with the 

exception of the role of researchers, although it is worth pointing out that very different numbers are being compared. 

Moreover, taking into account the age of the teaching staff, it can be noted that the highest number of female teachers are in 

the range between 45-54 years of age, in both the local and the national context, with 72% of the female academic staff at the 

University under the age of 54, compared to the 64% figure for Italy overall. The female teaching staff at Salerno University 

have a lower average age. 

The same trend is identified for men, although the differentials are much smaller, as the local male academic body under 54 is 

equal to 62% compared to the national figure of 64% (GR of Salerno, 2018). 

Considering the teaching staff as a whole, regardless of the role played and analyzing a longer time frame (2005-2015), it is 

possible to observe that the female component both at the University of Salerno and in Italy as a whole displays a moderate 

yet steady increase in percentage terms. This is particularly noticeable  where, after a peak in 2010 and a slight contraction 

over the next four years, we witness a growth phase at the University of Salerno starting from 2015. It can be confirmed 

however that the percentage representation of female professors is higher than the national average over the reference time 

frame1 (Figure 2). 

 

Figure 2. Historical female percentage of the Teaching Staff (2005-2015). 

 

This finding is already evident if we compare the growth rate of all the teaching staff in the period 2005-2015, both in UniSa 

and in Italy. If the same trend is revealed for each gender, the difference lies in the percentage weight, since the female 

professors at the University of Salerno show an increase of 25.17% compared to 3.90% in the Italian average, while the 

decrease in their male colleagues at UniSa is -2.45%, a much smaller value compared to -16.0% for all Italian universities 

(Figure 3). 

                                                      
1 http://cercauniversita.cineca.it/ 
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Figure 3. Growth rate of Teaching Staff by gender (2005-2015). 

 

If we move on to consider gender, academic area and role together, the 2015 data (Table 4) points out that some percentage 

values, referring to Italy and written in bold type, regard the areas and roles in which UniSa faculty members find it more 

difficult to obtain promotions towards higher levels of their university career2. 

 

Table 4. Percentage of women in teaching staff, by scientific-disciplinary area (2015). 

 
Teaching Staff 

 

Associate 

Professors 

Permanent 

University 

Researchers 

Fixed-term 

university 

Researchers 

Scientific-disciplinary area UniSa Italy UniSa Italy UniSa Italy UniSa Italy 

01 Mathematics and computer science 39,3% 18,8% 34,2% 35,9% 60,7% 43,0% 60,7% 43,0% 

02 Physical sciences 8,3% 11,1% 23,1% 21,1% 16,7% 26,3% 16,7% 26,3% 

03 Chemical sciences 12,5% 20,8% 51,7% 45,6% 61,5% 61,3% 61,5% 61,3% 

04 Earth science 0,0% 20,0% 25,0% 30,6% 100 % 33,4% 100 % 33,4% 

05 Biological science 41,7% 31,1% 66,7% 51,2% 93,3% 64,8% 93,3% 64,8% 

06 Medical sciences 7,1% 14,2% 16,1% 26,6% 21,4% 43,0% 21,4% 43,0% 

07 Agrarian and veterinary sciences 100 % 16,5% 66,7% 38,7% 50,0% 48,7% 50,0% 48,7% 

08 Civil engineering and architecture 0,0% 17,5% 21,7% 28,8% 15,4% 41,0% 15,4% 41,0% 

09 
Industrial and information 

engineering 
13,8% 7,6% 11,6% 17,3% 15,4% 21,8% 15,4% 21,8% 

10 
Philological-literary and artistic 

sciences of antiquity 
52,2% 42,1% 66,7% 55,2% 60,5% 61,9% 60,5% 61,9% 

                                                      
2 http://cercauniversita.cineca.it/ 
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11 

Philosophical, historical, 

pedagogical and psychological 

sciences 

24,0% 34,2% 43,8% 46,9% 50,0% 53,5% 50,0% 53,5% 

12 Legal sciences 32,4% 22,3% 31,0% 39,3% 42,6% 48,5% 42,6% 48,5% 

13 Economics and statistics 20,0% 21,1% 56,8% 38,6% 47,1% 48,7% 47,1% 48,7% 

14 Political and social sciences 25,0% 26,0% 40,0% 39,3% 39,1% 48,4% 39,1% 48,4% 

 

Such difficulties are found in at least half of the academic areas and in 3 of these a lower percentage weight of the female 

professors at Salerno is found for every academic role. These areas are Medical Sciences, Civil Engineering and Architecture 

and Philosophical, Historical, Pedagogical and Psychological Sciences. 

In this connection, in order to assess the problems women encounter in pursuing their academic career in a brief timeframe, 

the typical “Fish” or “Scissors Diagram” was used to depict the gender composition in the various steps of a hypothetical 

academic university career (Figure 4). 

 

Figure 4. Fish Diagram - Distribution by gender in a typical academic career UniSa (2005-2015). 

 

The graph shows the gender distribution in a typical academic career for the years 2005-2015. Although women are far more 

numerous in the initial phase of the training path, at the beginning of the academic career the curves representing the number 

of the two genders intersect before taking completely opposite paths. The displayed trend and the relative percentage values 

indicate that women partly recover the inherent gender disadvantage in the analyzed time interval, through an improvement of 

over 11% for the role of researcher, 6.86% for the role of associate professor and 2.87% for the highest grade3. 

The male component is also predominant in relation to the number of technical-administrative staff, with 357 men and 298 

women in this category. 

                                                      
3 http://dati.ustat.miur.it/dataset/2015-personale-universitario 
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Continuing with the analysis of different gender identities, it emerges, in line with recent national and international trends, 

data on profiles, training courses and academic results, the female students enrolled at the University of Salerno are not only 

in a clear majority compared to their male counterparts, but they also graduate with higher marks, in a shorter time, and engage 

in international mobility paths and social activities within Salerno University. The data bear witness to an active, conscious 

and proactive presence of women, which allows us to envisage future changes in the job market that are not yet visible in a 

nationwide context in the country nor, in particular, in Southern Italy. 

For students from the same educational background enrolled in the academic year 2015/16, females are on average better 

prepared and achieved higher school leaving grades than male students enrolled in the same reference period. 

Confirming a historical trend that sees women choosing degree courses in humanities and social sciences, 88% of female 

students enrolled at the University of Salerno in the last academic year undertook courses of study in the humanities, 

philosophy and education. As shown in Figure 5, the presence of women is concentrated in the Departments of literary, 

juridical, sociological and communication studies. However, it should be pointed out that in the last academic year, as many 

as 81% and 76% of the students enrolled respectively in the Pharmacy and Mathematics Departments are women4. 

 

Figure 5.  Percentage of women registered by Department (DEP.) (2015-2016). 

 

As for international study experiences, the data show that the students enrolled in the Erasmus program, whether incoming to 

the University of Salerno or outgoing to European and extra-European universities were predominantly women. The number 

of female students from the University of Salerno who complete study experiences at European universities is in continual 

growth. 

Therefore, as previously pointed out, the training paths of female students at the University of Salerno are determined by a 

conscious choice and oriented by a strong identity component associated with the selected study courses. 

 

 

 

 

                                                      
4http://ustat.miur.it/dati/didattica/italia/atenei  
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3. Action and initiatives to improve gender equality 

Positive actions are an operative tool of European and Italian policy in promoting principles of equality and equal opportunities 

between men and women in the workplace and more generally in the public sector and in the family sphere through forms and 

tools for reconciling time dedicated to lifestyle and work. The strategy of positive actions is concerned with removing the 

obstacles that people encounter due to family background, ethnicity, language, gender, age as well as ideological, cultural and 

physical characteristics, with respect to the enjoyment of the universal rights of citizenship.  

As an educational agency and scientific research center, the University of Salerno is a political subject active in the design and 

implementation of positive action. At both a provincial and a regional level, the University of Salerno has seen a growing 

involvement of its teachers and researchers in the regional planning processes. In the area of family and social policies and 

both in the area of measures to promote female entrepreneurship and the internationalization of small and medium-sized 

enterprises (SMEs), the University has undertaken to offer a contribution in terms of diagnostic analysis of persistent and 

emerging problems in Salerno, the Campania region and southern Italy as a whole. The University has also contributed to the 

formulation of political proposals aimed at overcoming situations of discrimination and violence as well as gender stereotypes. 

During the last four years, in particular, two activities have been particularly noteworthy: the "ConciliAzioni" project and the 

"She business" project to which the University has contributed both in drawing up the policy intervention and in their 

implementation through research-action, training and dissemination. The first project is an initiative aiming to support the 

reconciliation of working times for women in the Province of Salerno. The second is a research project aimed at strengthening 

the interdisciplinary skills of women entrepreneurs. 

Both projects are actions that the University has conducted in collaboration with numerous social and institutional partners, 

with whom it has shared the logical-conceptual approach, the objective of ensuring change and the concrete activities aimed 

at engendering processes of emancipation, freedom and social justice. This demonstrates the importance of cooperation as an 

opportunity to design integrated public policies. 

The positive actions put in place by the University of Salerno are characterized by a significant ability to mobilize cooperative 

processes with social and institutional partners present throughout the local area. The cooperative dimension is, moreover, a 

strength facilitating the involvement of competent and motivated human resources that are often underused locally. The 

establishment of a territorial network also enables the dissemination of practices that can inspire cultural changes and changes 

in mentality, with the aim of spreading a culture of parity and equality that, while respecting differences, includes their specific 

features. Indeed, the design of educational paths for the affirmation of a gender culture that gives full citizenship to differences 

and eliminates all forms of violence and discrimination has been particularly active in recent years. In particular, UniSa has 

committed itself on two fronts: the fight against gender violence and the promotion of studies, analysis and the definition and 

testing of models able to improve the condition of women in the job market. 

In this framework, we should underline the commitment that has seen the involvement of the Department of Pharmacy with 

the OGEPO since 2014 in the organization of educational seminars and conferences in which new research is presented in the 

field of Pharmacy and Gender Medicine. In particular, it has been highlighted how gender culture and sensitivity are able to 

bring out and perceive the differences and specific features so that they can be incorporated into concrete gender-oriented 

strategic policies. These policies facilitate the knowledge of gender differences in drug response, the development of 

appropriate therapeutic pathways and innovative research protocols. In this context, gender communication is essential to 

spread greater awareness among the population and health workers from their first training experience in Degree Courses up 

to the specialization in specialization schools and on Master degree courses. 

Furthermore, the activity of a research center operating within the Department of Pharmacy focuses on gender specific 

experimentation problems. The research group is increasingly structured and engaged in publications in national and 

international journals and in participation in Horizon 2020 research projects. 
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In the field of didactics and training it will be important to consolidate student awareness-raising pathways, in order to combat 

gender violence. In this sense, it is important to underline the importance of an ever increasing collaboration with secondary 

school head teachers to set up workshops for both students and teachers and teachers in institutions of all levels. 

Furthermore, it is important to strengthen the ability to coordinate the initiatives that teachers and researchers undertake in 

conjunction with local institutions in order to promote gender equality. Typically included in the third mission of the 

University, positive actions for equal opportunities can harness and exploit complementarities between disciplinary sectors in 

the field of research and between teaching, training and counselling activities for the benefit both of partner institutions and of 

women in the local area. The lines followed by the University will increasingly be directed towards an increase in economic 

resources to promote gender equality in the field of scientific research, a goal which is being pursued by the group of male and 

female scholars related to the OGSEO, as well as towards the implementation of good practices in line with the CUG Positive 

Action Plan. 

There still remain many cultural and structural obstacles but it is necessary to aim, as the University of Salerno will in the next 

few years, at creating instruments that can favor gender mainstreaming in political strategies. The Gender Report, in synergy 

with the multiple positive actions implemented and planned by the University of Salerno, is an important tool for the promotion 

and dissemination of gender culture, aimed at involving all the social actors in order to direct the attention of the latter to the 

"value" generated by diversity. 

 

4. Conclusions  

The Gender Report (GR) constitutes an extremely important reporting tool in the gender mainstreaming of an organization 

and fosters an environment for the affirmation and diffusion of the culture of gender equality and equal opportunities. At the 

University of Salerno, the GR was drawn up to meet a number of needs, such as the decision to provide unequivocal gender-

neutral information on opportunities for study, research and work, the desire to promote a greater awareness of the inequalities 

that still persist and, finally, the determination to assume specific responsibilities so that these inequalities can be overcome. 

The strategic path undertaken by the University with regard to the GR was aimed to point out the cultural changes taking place 

but it is, above all, targeted at reducing the differences between men and women, with respect to the needs, conditions, options, 

and the opportunities for life, work and participation in decision-making processes, as well as highlighting the fact that policies 

are not gender-neutral but, rather, result in a differentiation between men and women (Malandrino and Supino, 2016).  

In fact, in this regard, it has emerged that while, on the one hand, the parallel paths of male and female undergraduates, PhD 

students, research fellows and researchers are encouraging, on the other hand there is a clear inequality in the role of associate 

professors and, in particular, of full professors. 

Also with regard to the section dedicated to the various University bodies Reports male and female participation in the 

management of University life, it is well known that there is clear inequality between female and male.  

More precisely, from the analysis of the academic staff of the University, it appears that, whatever the role taken into 

consideration, men are more and more numerous than the female representation and the female presence decreases 

significantly in the transition from the roles of researcher to those of teachers of II and I Fascia, although with some differences 

between departments. 

This trend is also observable at national level, so that in no way is  representativeness achieved that highlights gender equality. 

Rather, the female component in UniSa is always higher than the national average with the sole exception of indefinite-term 

female researchers. 

Instead, from the analysis of the student component it emerges that the female students are more numerous than the students 

at all levels of the study courses (undergraduate and Master's degrees); they are more present also in the higher levels of 

university education (specialization schools, Masters and specialization courses). It turns out that girls face university studies 

with a better preparation than those of their peers, show a greater propensity for mobility both nationally and internationally, 

and enroll in higher percentages to courses with a limited number criterion. Regarding the outcome of university studies, it 

should be emphasized that female students have a more regular and medium-sized course of study, obtaining degrees that are 
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higher than those of students. Superiority in terms of female numbers relative to the outcome of university studies is presented 

in almost all scientific-disciplinary fields. 

In fact, an unbalanced distribution of male students and female students emerges in the various fields of study, a phenomenon 

known as "horizontal segregation" that sees women most present in the humanistic, social and health areas, while the 

disciplines of the scientific area are still the prerogative of the males. 

Therefore, although the principle of equal opportunities is now unanimously upheld, its implementation is still far from 

complete. A fair, inclusive and sustainable system must consider the gender variable at every level of institutional life and 

offer a pluralistic approach to people's lives, in order to value differences and support the excellence of women and men. 

For the future, one of the objectives to be achieved by the University will be, with respect to the teaching staff, to allow the 

female and male component to compete on equal terms, without gender determining the probability of success. 

In this sense, for career progressions, it will be necessary to invest in support actions such as mentoring programs, childcare 

services (nurseries, spaces for mothers, children and girls in departments, baby-sitting services, ...) time table flexibility and 

other measures affecting the family and the institution as a whole, as well as the scientific and academic paths of women. 

A fundamental point for the production of innovative knowledge, in an academic context that includes the gender variable, is 

the need to end the persistence in the sciences of a culture that determines a strong exclusion of women from both academic 

and professional careers. 

The question of gender equality in science must be tackled by eliminating gender stereotypes and facilitating the access of 

young people to all areas of knowledge, including those of a scientific and technological nature. 

Moreover, the University aims to strengthen its capacity to coordinate the initiatives that teachers and researchers undertake 

in collaboration with local institutions for the promotion of gender equality. 

The analysis carried out in this paper represents the starting point for further investigations on the issue, through broader and 

more methodologically refined research that also contemplates the comparison of the University with other national and 

international academic realities, in order to ascertain limits and grasp opportunities for improvement. 
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Abstract 

 

Women are cultural bearers who are transferring traditions to the next generation and adapting them to the current situation. 

In this way they have the ability to contribute to a sustainable future, provided that they are empowered with the tools and 

authority to do so. On the other hand, professional designers are often engaged in sustainability projects in cooperation with 

lay people, but lack competence in the significance of gender and are unaware of the specific female traditions..  

This raises the question of how the topic of gender should be included and linked to the matter of sustainability in design 

education. Another question is how to become aware of and change the gendered traditions and attitudes among teachers and 

students.  

The aims of the investigation have been: To find efficient ways to implement the topic; To uncover differences in students’ 

and teachers’ behaviour according to gender; To detect weak points that need to be particularly elaborated. The investigation 

is a case study of the Department of Product Design at Oslo Met (previously Oslo and Akershus University College). As this 

design education is quite similar to others, the outcome should be of international relevance. 

The analysis is based on data from the two events: Minutes from a seminar for the teachers and a lecture for the master students, 

and the answers to the questionnaire. Oslo Met’s implementation plan for diversity, governmental documents and research 

literature has also been be used. 

The outcome of the two events constitutes a useful and foundational information resource for further work. The main challenge 

is to change attitudes and realise the significance of gender for a sustainable development. 

 

Keywords: Gender attitudes, Women, Female culture, Design education, Sustainability 

1. Introduction  

Gender roles influence the way we take care of our environment. Women are often associated with passive consuming of what 

men have created, and thereby counteracting sustainability. However, the traditional role of women is to take care of the 

children and to furnish and maintain the home, often with limited means. Repairing, adjustment and reuse of objects and 

materials has always been an important part of their task. They are cultural bearers who are transferring traditions to the next 

generation and transforming them to fit the current situation, as well as practitioners of reuse. In this way women have 

contributed to a sustainable future for centuries and have competence in the field. This is a fact that has often been neglected 

in current plans for a sustainable environment.  

In the 21st century our ways of life still follow the traditional gender roles, and we transfer them to the next generation (Ball 

and Millar 2017). The market that designers work for is gendered (Kirkham 1996, Sparke 2011). Designers continue to make 

products that sustain the traditional roles (Lysbakken 2017). In design education, sustainability constitutes a main requirement 

and is subject to high attention, while gender is a “non-topic” or even a taboo (Koksvik 2017). An attempt at research on the 

topic in the 1970s soon faded, but is presently gaining renewed interest. This is due to the current discussion of and political 

demand for diversity and gender equality, as well as the general societal focus on sex and gender. Additionally, there is a 

tendency to transgress the traditional roles. At an overall basis, society has become more diverse and ready for alternative 

solutions. This is changing the user needs and market demands. As regards a sustainable development, this is often a statuary 

provision, both nationally and internationally. In the United Nations’ development goals, gender equality is stated as the 5th 

goal (Sustainable Development Goals 2015). This situation is putting new demands on both the content and the methods of 

design education. The courses need to be updated in order to meet the official requirements and the market demands in a way 

that contributes to equality, diversity and freedom of choice. Additionally, the question of how women might contribute to a 

sustainable development based on their traditional roles, is a matter that deserves more attention. This affects both the contents 

and methods of the education. 
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The challenge for an updating of design education is twofold. Firstly, it deals with how the topic of gender should be 

implemented in design education. Even more importantly, the topic is strongly connected to professional and personal attitudes 

among both teachers and students. These attitudes constitute the basis for change, and therefore need investigation.  

Research in the field is relatively scarce. At an international seminar in Oslo in 2017, two of the presentations documented the 

gender differences in design education, pointing at a general preference for “maleness” that disfavoured female students (Leslie 

2017), and of female students’ tendency to choose courses that dealt with care and health and avoid technologically oriented 

courses (Bjørnstad 2017). Both tendencies were regarded as negative and necessary to change, and methods for doing so were 

asked for. 

The aim of the investigation has been:  

- To uncover attitudes to and degree of awareness of the topic of gender in design education among the teachers and students 

- To uncover degree of awareness of the topic of gender for a sustainable development 

- To uncover differences in behaviour towards female and male teachers and students  

- To identify courses particularly relevant for integrating the topic and ways to implement it  

The survey is based on the situation at the Department of Product Design at OsloMet – Oslo Metropolitan University All the 

teachers, and the 1st year master students were subject to the survey. The investigation will probably have relevance for similar 

institutions of design education. 

2. Methods 

The study is based on: 

- Lectures in the form of a seminar for the teachers and an introductory lecture for the students.  

- A questionnaire to be answered anonymously, sent to both teachers and students. 

- A literary review of governmental and university documents, research books and articles. 

The study has been performed by investigating opinions and attitudes among the educational staff, not the administrative staff, 

and the Master students at the department. Only the 1st year Master students have been included. This is due to limitations in 

time and means. The study is meant to be a first stage of a more in-depth research project on the theme. 

Research literature in the field is scarce. As a female teacher and researcher at the department, the author’s judgements might 

be biased. Evidently, the investigation has clear limitations as regards both scope and methodology. It should therefore be 

regarded as a pilot study performed in order to indicate relevant topics for further investigation. 

3. Results and Discussion 

Background 

In 2016 a plan for the implementation of diversity and equality in education and research was launched at OsloMet – Oslo 

Metropolitan University (previously Oslo and Akershus University College of Applied Sciences) (HIOA 2016), one of the 

outcomes of a national plan for diversity in Academia (Committee for Gender Balance and Diversity in Research 2016). As a 

first step, the Department of Product Design followed up the plan by arranging two events with focus particularly on gender, 

as it was considered the most problematic part of the rather wide topic of diversity. A half-day seminar was arranged for the 

teachers, and a lecture on gender and design was held for the 1st  year master students. The aim of both was to create attention 

to and a basis of knowledge on the theme. Right after the events, both groups were sent a questionnaire that was to be submitted 

anonymously. The outcome of the teacher and student questionnaires were analysed separately and compared in order to find 

differences in attitudes and in ideas for implementation.  
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The questionnaire contained relatively few and open questions in order to let the respondents formulate their own viewpoints:  

- Are you a student or a teacher? 

- Are you female or male? 

- What significance does gender have for design? 

- How should the topic of gender be integrated in the education in design education, and in which courses? 

- What is the difference between how female and male students are treated by the teachers at our department?  

How may the various gender attitudes and traditions facilitate a sustainable development? 

- Other things of relevance? 

 

The teachers 

The seminar for the teachers was opened by the Rector of the University, who is an eager supporter of gender equality. He 

presented the topic in a wider societal frame. The rest of the agenda consisted of three presentations: a demonstration of 

differences in body language; a documentation of the situation in Academia as regards gender research and statistics; and a 

lecture on design and gender. The presentations were all by external contributors. They were followed by a discussion. The 

event created many engaged comments, and at the same time it revealed considerable variations in viewpoints. There was a 

common agreement on the importance of endeavouring a certain personal distance to the students, no matter which sex they 

belonged to. Gender dependent physical and mental differences were mentioned as a factor that needed to be considered both 

in the contents and methods of the education. As regards own experiences, one young, female teacher mentioned that tall male 

students sometimes took the opportunity to literally look down at her, thereby symbolically questioning her authority. Several 

of them mentioned that male students were treated with more respect (e.g. not interrupted while speaking) than female 

(tendency to interrupt if a male student asked a question). Female students asked for tutorship more often than their male 

fellow students, who tended to be more self-conscious. The male teachers were aware of a certain tension towards physical 

contact with female students, and they experienced them as more delicate and vulnerable than the males. All the teachers 

expressed a privileged situation as regards milieu at the department, due to the fact that both teachers and students count about 

the same number of females as males. None had any idea of any link between gender and sustainability. 

The response rate to the questionnaire was good from both genders. Out of 28 teachers (16 male and 12 female), 20 answered 

the questionnaire. 11 of them were men, 9 were women. The answers from the male teachers fell into three categories. The 

first group consisted of three persons. They saw no relevance of the theme, and no differences in design work and behaviour, 

and consequently no need for integrating the topic in the education. In their way of answering they also displayed a certain 

patronizing attitude. The second group also counted three persons. They saw different gender specific physical and emotional 

needs as the only difference that mattered. They regarded that these aspects were already taken care of in the education, i.e. in 

the courses in ergonomics, universal design and aesthetics. The last group, counting five persons, regarded the topic as relevant 

and complex, and had diverse and nuanced views. Two emphasized the topic’s cultural and aesthetic dimensions, one its 

significance for the market, one the gendered attitudes to technology, one the need for an updated terminology, one the present 

unisex trend which he found had reached too far. The persons in this group thought that the topic should be implemented at a 

general level, in particular in design history and universal design. Two mentioned that a few of the male teachers had behaved 

in a negative way towards female students, without going into detail.  

As for the question on how various gender attitudes and traditions might facilitate a sustainable development, three mentioned 

specifically that they did not regard it as significant. One put forward the example of China, where feministic values do not 

count, although the government puts heavy emphasis on environmental sustainability. Thereby he unconsciously demonstrated 
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the Chinese government’s negligence of female traditions. These persons belonged to the group that saw no relevance of the 

theme of gender. One from the group that realized physical differences also saw no relevance. The rest pointed to the 

significance of understanding, tolerance, balance and equality, and of improving communication between groups with different 

attitudes. One mentioned that the different values of men and women might constitute a positive dynamics in the creation of 

sustainability. One found it important to engage women in top positions. Two stated that the question was rather (too) huge, 

and could be defined in many ways, and therefore found it difficult to answer. 

The answers from the female teachers could be divided into two groups. The first “group” consisted of only one person. She 

did not regard the topic as particularly relevant. The sole relevance to design she could think of was sanitary pads and condoms, 

i.e. objects that were directly related to sex and different physical needs. She did not know of any difference in treatment, and 

as for own behaviour, she tried to focus on individual differences rather than gender. The rest of the women displayed great 

engagement in the theme and high estimation of its relevance for design and design education. They displayed an inclusive 

attitude rather than focusing on gender specific needs and preferences: products and services should be satisfactory to both 

sexes. Integrated solutions were that took care of preferences of most people were preferred. As regards education, they 

emphasized the importance of creating awareness of gender differences in behaviour, attitudes, needs and preferences. They 

regarded it as a theme that ought to be integrated in all courses. Some specifically mentioned inclusive design, culture and 

design, and aesthetics, as particularly relevant study units. One mentioned that the students’ choice of design methods tended 

to be influenced by traditional gender traditions, meaning that they avoided technological approaches. Since methodology is 

a basis competence, one should stimulate both genders to choose their methods in a less traditional way. Two stated that they 

had observed a tendency among the female students to choose courses and projects that focused on health care and service 

design rather than technological issues. Two persons mentioned that the male students did not seek tutorship as frequently as 

the female, and tended to be more self-dependent. As regards the teachers’ behaviour, all except one answered that they did 

not know, but as for themselves tried to be have “neutrally”. One told that as a student she had been treated in a discriminative 

way by one of the male teachers. Her complaint to his superior, also a male, had no result. Two mentioned that they encouraged 

the female students to be more confident of themselves and not seek for the “right” answers, i.e. the viewpoints of their 

superiors. One emphasized the significance of the topic, as the societal attitudes to gender was “a machine at top speed”, 

thereby pointing to the present rapid changes. Another put forward the importance of both genders to be aware of their biases, 

and that women should be treated as human beings rather than sex objects. 

As for the question on sustainable development, the one who saw no relevance of the theme, thought that every case ought to 

be analysed separately according to the problems to be solved, but that she could not find any examples where the topic of 

gender was relevant. Four left the question unanswered. The rest emphasized many of the same things as the men, mostly 

tolerance and understanding. Two mentioned the importance of creating awareness of the different attitudes between females 

and males in order to facilitate understanding and cooperation, and thereby a sustainable development. One mentioned the 

different competences of male and females needed to be taken into account. One put forward the importance of creating 

awareness among the students on the topic of gender, both from a perspective of culture and design. The perspective of gender 

as an integrated part of the design process would contribute to sustainable products and services. A particularly engaged answer 

was one that expressed a wish for another stage of human relations: “We must think humanity, and I wish for a world where 

gender is not an issue, where we are seen first and foremost as people.” 

 

The students 

The lecture for the students, presented by the undersigned, dealt with how the traditional gender roles were reflected in the 

history of design and in the differences in working conditions for female and male designers. It also presented perspectives on 

future trends and challenges. The lecture was received with interest and curiosity. In the following discussion, the female 

students were more active than the male. The males listened carefully, but were more reluctant to speak out. The questions 
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from the female students dealt with why female contributions to design often have been neglected.  Both sexes were interested 

in the prevalent trend of breaking out of the traditional gender stereotypes. None explicitly expressed any relevance to their 

own student or professional situation.  

The difference in engagement was reflected in the response to the questionnaire. Out of the 15 students, 11 female and 4 male, 

only two answered. Both of them were female. According to one of the students, the reason for this might be that they did not 

feel it as an obligation, and therefore prioritized more urgent matters like their current courses. In the aftermath, it is obvious 

that the questionnaire should have been handed out at the last part of the lecture, and to be answered immediately. 

The lack of answers from the male students may have several reasons, like indifference, lack of interest or reluctance to relate 

to the topic. This might also be the case with the females who did not respond. However, the answers from the two female 

students were strikingly personal and straightforward, and quite different from each other. They should therefore be given 

great consideration, although their representativeness cannot be documented. One of them wrote that she found the topic of 

great relevance: “It [gender] is the perspective which we design from. … It will affect the design we make or want to make.” 

The topic should be introduced as early as possible in the education. She had not noticed differences in the teachers’ behaviour, 

but in distinct divisions between female and male student projects. She had noticed that the males took great interest in cars, 

architecture, music and systems and functionality, and perhaps less in soft matters as aesthetics. As for other things of 

relevance, she stated that: “Gender is a delicate topic that affects us every day and in any relationship yet is not spoken much 

of.” The second student expressed that gender should not matter, “but for some weird reason design made by males seem to 

be more in media and design history. Few females are honoured.” She regarded gender as a topic was already included in the 

education: ”We are already working on equality in this society, and integrating it in 2018 feels like going two steps back. It 

should be a natural thing now.” She found males, probably both teachers and students, tended to be dominant and “say 

inappropriate things just because you are a female”. My interpretation of these statements is that she found the anachronistic 

situation of lack of gender equality to be rather frustrating and hard to accept. At the same time, she was at a loss of how to 

deal with it. 

As for the question of how various gender attitudes and traditions might facilitate a sustainable development, both students 

left the question unanswered. 

4. Conclusions 

The results of the investigation contains few surprises. They are in accordance with the other previously mentioned surveys 

on the same topic. With a few exceptions, the tendencies of the answers can be summed up in the following way: 

- Some, more males than females, found little or no relevance of the topic for design and design education. 

- Some males were reluctant to discuss the matter. 

- As for education, the topic should be integrated as early as possible, at a general level, and in courses related to design history, 

universal design, ergonomics, methodology, culture and aesthetics. A separate course on the topic was not regarded as relevant. 

- Treatment of students should be in accordance with individual needs, independent of gender. Female students were regarded 

as less self-assertive than their male fellow students. Problems in male teachers’ treatment of female students sometimes 

occurred. 

- The teachers naturally were more specific in description of the courses where the topic might be integrated. 

- The students displayed the gendered gap between attitudes and behaviour most clearly, by the male students’ omission of 

answering the questionnaire, and the female students’ engaged answers. 

- Although the answers from the students were few, they expressed the present situation in a nutshell: Designers and design 

students are still working within an outdated frame of reference. We are only partly aware of it, and reluctant to take up the 
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question, due to its delicacy. They had no knowledge of the relevance for a sustainable development, which reflected their 

teachers’ unconsciousness of it. 

- There was generally a low awareness of the topic’s significance for a sustainable development, and none for the role of 

women in particular. The men’s answers to this question were rather specific, while the women gave more value driven and 

sometimes vague comments, or did not answer. This means that the female teachers had a low estimation of their own 

competence and/or their ability to judge. Both females and males put forward harmony, likeness and consensus as ideals, while 

only a few mentioned the possibility of utilizing gender differences as a driving factor in the development of a sustainable 

future. 

The next question is how one should move forward to implement and integrate he topic of gender in design education in an 

effective way. Not very surprisingly, the survey displays that it needs to be implemented at a general level, and as early as 

possible in the period of study. There are also several courses where the topic ought to be integrated. Most of them are related 

to universal design, ergonomics, culture and aesthetics. As sustainability is a topic that is integrated in most courses, it can 

easily be combined with the topic of gender and female traditions. 

Higher competence in the field of gender and design, both at a general level and in the courses it concern, is highly required. 

Testing of didactical methods will also be necessary. However, the creation of greater awareness of the topic and its many 

implications, as well as willingness to discuss it with an open mind, is definitely the greatest challenge. Males must dear to 

confront and discuss it and to analyse own attitudes. Females should be empowered not only to speak, but to take action. They 

should also become more conscious of their own specific abilities as bearers of a female cultural tradition. Above all, males 

and female need to communicate and cooperate to attain results, even when the goal is to improve the use of female traditions. 

Further research should take place both in the educatory institutions and as field studies. 

The topic of gender, and in particular female traditions as factors in the creation of sustainability, is an almost blank field in 

design education. It deserves higher awareness and needs further discussion and research. The strong engagement in a 

sustainable development among teachers, the design community and society as a whole constitutes a solid basis for the creation 

of theories and methods that will have positive impact. 

 

References 

Ball, R. and Millar, J. The Gender Agenda: A first-hand Account of how Girls and Boys are treated differently. London: 

Kingsley, 2017. 

Bjørnstad, N. The Benefits of Gender Equality and Diversity in Design. Paper at the WONDER seminar in Oslo September 6, 

2017.  

Committee for Gender Balance and Diversity in Research. Curt Rice (chair). Rødland, A. W. Using restructuring to promote 

gender equality and diversity – a guide for the research sector. Oslo: KIF Committee, 2016. 

HIOA (OsloMet Oslo Metropolitan University) Handlingsplan for Mangfold 2017-19 (Plan of Action for Diversity 2017-19). 

Oslo: HIOA, 2016. 

Kirkham, P. The gendered Object. Manchester: Manchester University Press, 1996. 

Koksvik, H.R. Hva er Kjønnsperspektiver i Design: Vi spør Astrid Skjerven, Professor i Designteori ved Høgskolen i Oslo 

Akershus (What is Gender Perspectives in Design: We ask Astrid Skjerven, Professor of Design Theory at Oslo and Akershus 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

907



University College). http://kjonnsforskning.no/nb/2017/10/hva-er-kjonnsperspektiver-i-design.2017[Accessed on 2017, 10 

December]. 2017. 

Leslie, A. 50% Design. Paper at the WONDER seminar in Oslo September 6, 2017. 

Lysbakken, N. Beauty or Brains: Cautious or Coragogous: Gender and Power in Online visual Designs. Paper at the WONDER 

seminar in Oslo September 6, 2017. 

Sparke, P. As long as it is Pink: The sexual Politics of Taste. Rev. ed. Halifax: Press of Nova Scotia College of Art and Design, 

2011.  

Sustainable Development Goals. N.Y.: United Nations, 2015. 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

908



Analysing the Exogenous Causes for Under-Five Mortality Rate: 

Towards Reaching a Sustainable Development Goal 

 

Laura Nayibe Bolivar Trujillo1 

1Industrial Engineer with two Master degrees in Economics from the University of Turin and University of Paris Nord– 

Sorbonne Paris Cite. She has participated in the Industrial Engineering Research Group at the National University of 

Colombia but now she is a Professor within the Engineering Department at the Corporación Universitaria del Huila –

CORHUILA, lnbolivart@unal.edu.co  

 
Abstract 
Today’s most complex challenge is to adopt proper reactions and actions to achieve sustainable 
development, which relies on the knowledge richness included in a diversity of actors so that, economic, 
social and environmental dimensions could be adequately managed. Considering the Sustainable 
Development Goal adopted in United Nations for which, by 2030 there should not be preventable deaths 
of under-five children, global efforts have been concentrated in understanding the endogenous causes (all 
biological factors). However, social and environmental factors external to the individual, are analysed 
under the name of exogenous causes and need to be also subject of study by researchers, public workers 
and policy makers if an enhancing of related public interventions is aimed to be completed. Consequently, 
this paper attempts to determine, among a set of exogenous causes, which are the crucial drivers and thus, 
quantification of their relevance would support the subsequent plans, calls to action, investments, budget 
modifications, education modules, among many other initiatives to mitigate the strongest roots for the 
global loss of under-five population and therefore, contribute to the acceleration exercises to reach the 
Sustainable Development Goal by 2030. One factor indisputably relevant is the malnutrition and hence, it 
will not be directly included in this analysis. Data for 217 countries were abstracted from the World Bank 
database and linear regression over cross-sectional and panel data analyses were conducted for the 
different outcomes. After performing all the models, the interpretation leads to a clear influence of Gross 
National Income per capita for the variation of child mortality and thus, this variable should not only be 
taken as a proxy for improving socioeconomic conditions but also for environmental ones. Finally, when 
trying to reduce child mortality at a global level, there is a lot to do and there is a lack of available 
information and scope of analysis, and this may explain the lack of useful public policy instruments for a 
public policy re-thinking process, which also supports the deficits in reaching the related Sustainable 
Development Goal. 
 
Keywords: exogenous causes, mortality, public policy re-thinking, sustainable development. 

1. Introduction  

Mortality rates have always being subject of analysis by researchers, public workers and policy makers 

since they are inversely linked to life expectancy. In demographics, mortality studies have very peculiar 

characteristics: death is a risk to which human beings are exposed to, during their whole lives and it 

happens only once per individual. There are two types of death causes (Bankirer, 2014): 

 Endogenous causes: Including all biological factors (congenital malformations and degenerative 

illnesses). 

 Exogenous causes: Including social and environmental factors, external to the individual.  

Global efforts have been concentrated in the understanding of endogenous causes for infant (before the 

first 12 months of life), adult (between 13 and 49 years of life), maternal and child mortality rate, standing 

for the risk of infants and children to die under the age of five. The present article will focus on child 

mortality considering that, since 1990 the World Health Organization has been deepening in its exogenous 

causes and enhancing accelerations in public interventions to drop the rate by 43% in 2015 (UNICEF, 2015). 

However, this progress is not sufficient to reach the Sustainable Development Goal in Health adopted in 

United Nations for which, by 2030 there should not be preventable deaths of under-five children (World 

Health Organization, 2016).  
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Consequently, this article attempts to determine, among a set of exogenous causes, which are the crucial 

drivers and thus, quantification of their relevance would support the subsequent plans, calls to action, 

investments, budget modifications, educational modules, among many other initiatives to mitigate the 

strongest roots for the global loss of under-five population and therefore, contribute to the acceleration 

exercises to reach the Sustainable Development Goal by 2030.  

2. Methods 

Several studies have conciliated and collected a set of causes affecting Under-Five Mortality Rate, 

consisting of the probability to die before reaching age five per 1000 live births (World Bank Group, 2016). 

One factor indisputably relevant is the malnutrition and hence, it will not be directly included in this 

analysis (Cheng, Schuster-Wallace, Watt, Newbold , & Mente, 2012), in order to highlight some other factors 

at stake, which are relatively hindered to the policy makers perspective. 

Considering that, almost one tenth of the global disease burden could be prevented by improving water 

supply (Pruss-Ustun, Bos , Gore, & Bartram, 2008). Improved Water Source participates in the analytic set 

of variables by representing the percentage of the population with access to water coming from pipes, 

public taps, tube wells, protected dug wells, protected springs and even rainwater collection (World Bank 

Group, 2016). In other words, the access to safe drinking water mainly prevented from the contact with 

human excreta. Gamper-Rabindran, Khan, & Timmins (2007) explain that the relationship between water 

supply and infant mortality rates varies with changing socioeconomic levels by performing a panel data 

analysis.  

In addition to water access, the air contamination with pollution stands out as an interesting factor to 

quantify its effects on mortality rate and thus, it would provoke more striking results for the 

environmental awareness building across the population (Baguma, Hisham Hashim, & Aljunid, 2012). In 

this way, the variable Exposure to Air Pollution makes reference to the average level of exposure of a 

nation’s population to concentrations exceeding the World Health Organization guideline value (fine 

particulate matter of 2.5 micros or less) (World Bank Group, 2016), since those are able to penetrate into 

the respiratory system and cause severe health damage. Some evidence is provided about the relationship 

between air pollution and infant mortality (Gutiérrez, 2015; Kaiser et al., 2004) but conclusive 

quantification has not been made for the mortality rate under five yet. 

Child mortality rate has been demonstrated to be the product from the well-being of the society as a whole 

(Khadka, Lieberman, Giedraitis, Bhatta, & Pandey Ganesh, 2011). It is proved that infant mortality is 

strongly correlated to economic development and therefore, the variable GNI per capita will be included 

in this analysis, understanding its definition as the gross national income, converted to U.S. dollars using 

the World Bank Atlas Method, divided by the population. In other words, the GNI is the sum of value added 

by all resident producers plus any product taxes not included in the valuation of output plus net receipts 

of primary income from abroad (World Bank Group, 2016). 

Therefore, the concept of societal well-being also covers health expenditure from governmental entities 

and environmental quality, two factors which are proved, under econometric analysis, to affect infant 

mortality (Somov, 2004). Therefore, besides the Exposure to Air Pollution, Public Health Expenditure, 

consisting of the percentage of GDP regarding the recurrent and capital spending from government 

budgets in public health (World Bank Group, 2016), will be analyzed as a measure of how prioritized is 

health among development plans and then, its effect on the mortality rate of children under five may be 

relevant for public policies changes.  
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Other studies also underline the importance of having skilled or highly qualified health personnel in the 

birth moment by longitudinal econometric analyses  (Zaman & Rauf, 2011; Farahani & Canning, 2009), 

when studying mortality rates. As a consequence, the variable Births attended by Skilled Health Staff will 

be considered in the present quantifications and it copes with the percentage of deliveries attended by 

personnel prepared to give supervision, care and advice to women during pregnancy, labour, and the 

postpartum period, to conduct deliveries on their own and to care for newborns (World Bank Group, 2016).  

Data for 217 countries were abstracted from the World Bank Data Base. The variables used for analysis 

correspond to the following variables defined by the World Bank: 

 Under-five mortality rate (U5MR): Mortality rate, under-5 (per 1.000 live births). 

 Improved Water Source (IWS): Improved water source (percentage of the population with access). 

 Exposure to Air Pollution (AP): PM2.5 air pollution, mean annual exposure (micrograms per cubic 

meter). 

 GNI per capita (GNI): GNI per capita, Atlas method (current US$). 

 Public Health Expenditure (PHE): Health expenditure, public (percentage of GDP). 

 Births attended by Skilled Health Staff (BSH): Births attended by skilled health staff (percentage of 

total). 

Linear regression over cross-sectional and panel data analyses were conducted for the different outcomes, 

and dimensions are explained according to the variables definition determined by the World Bank Data 

Base. 

3. Results and Discussion 

Considering that, Under-five Mortality Rate has decreased by 53% from 1990 to 2015 (World Health 

Organization, 2016), it is of interest to validate how this change has been influenced by the independent 

variables at stake in this study. Hence, the Under-5 Mortality Rate will be analyzed in the year 2015 and 

the explaining variables will be taken from the year 2010 so that, public policies formulated at that time 

could have some impact in the outcome obtained for 2015.  

After plotting the corresponding histograms, they showed skewed distributions. In the cases of Improved 

Water Source and Births attended by Skilled Staff, the distribution is skewed right or towards the higher 

values considering that a noticeable percentage of the population has access to drinkable water and a 

significant percentage of births were attended by skilled health staff in 2010. Subsequently, logarithmic 

transformations were conducted obtaining slightly better distributions.  

Conversely, the other variables at stake show skewed left distributions or towards smaller values, 

demonstrating that: First, in 2015 most of countries bears moderate under-5 mortality rates. Second, in 

2010 there were: an intermediate exposure to air pollution, a not very significant percentage of GDP 

dedicated to the public investment in health and the GNI per capita shows limited options for most of 

countries. Therefore, logarithmic transformation were conducted to have a better distribution of the 

variables and so, induce data patterns to be more interpretable. 

Cross-sectional Analysis 

The first set of models to analyse are: 

𝑴𝒐𝒅𝒆𝒍 𝟏: log 𝑈5𝑀𝑅2015
̂ = 𝛽0̂ + 𝛽1̂ log 𝐼𝑊𝑆2010 

𝑴𝒐𝒅𝒆𝒍 𝟐: log 𝑈5𝑀𝑅2015
̂ = 𝛽0̂ + 𝛽1̂ log 𝐼𝑊𝑆2010 + 𝛽2̂ log 𝐴𝑃2010 
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𝑴𝒐𝒅𝒆𝒍 𝟑: log 𝑈5𝑀𝑅2015
̂ = 𝛽0̂ + 𝛽1̂ log 𝐼𝑊𝑆2010 + 𝛽2̂ log 𝐴𝑃2010 + 𝛽3̂ log 𝑃𝐻𝐸2010 

𝑴𝒐𝒅𝒆𝒍 𝟒: log 𝑈5𝑀𝑅2015
̂ = 𝛽0̂ + 𝛽1̂ log 𝐼𝑊𝑆2010 + 𝛽2̂ log 𝐴𝑃2010 + 𝛽3̂ log 𝑃𝐻𝐸2010 + 𝛽4̂ log 𝐵𝑆𝐻2010 

𝑴𝒐𝒅𝒆𝒍 𝟓: log 𝑈5𝑀𝑅2015
̂ = 𝛽0̂ + 𝛽1̂ log 𝐼𝑊𝑆2010 + 𝛽2̂ log 𝐴𝑃2010 + 𝛽3̂ log 𝑃𝐻𝐸2010 + 𝛽4̂ log 𝐵𝑆𝐻2010 + 𝛽5̂ log 𝐺𝑁𝐼2010 

 

Table 1. Results obtained from the first set of proposed Models in Cross-Sectional Analysis. 

Attribute Model 1 Model 2 Model 3 Model 4 Model 5 
No. of obs 187 182 179 62 62 

R2 and 
Adjusted R2 

0.5224 
0.5198 

0.5721 
0.5673 

0.6109 0.6042 0.6933 
0.6718 

0.8282 
0.8129 

𝜷�̂� IWS 
std.error 
t-value 
p-value 

-3.7071*** 
(0.2606) 
-14.22 
2e-16 

-3.46440*** 
(0.25734) 
-13.463 
2e-16 

-3.25958*** 
(0.28598) 
-11.398 
2e-16 

-2.6549*** 
(0.5159) 
-5.146 

3.42e-06 

-0.95239* 
(0.46650) 

-2.042 
0.0459 

𝜷�̂� AP 
std.error 
t-value 
p-value 

 0.35496*** 
(0.08343) 

4.255 
3.37e-05 

0.15982 
(0.09179) 

1.741 
0.083412 

0.0583 
(0.1655) 

0.352 
0.726 

-0.14630 
(0.12870) 

-1.137 
0.2605 

𝜷�̂� PHE 
std.error 
 t-value 
p-value 

  -0.42862*** 
(0.11104) 

-3.860 
0.000159 

-0.1301 
(0.1336) 
-0.974 
0.334 

-0.09574 
(0.10097) 

-0.948 
0.3471 

𝜷�̂� BSH 
 std.error 

t-value 
p-value 

   -0.6454* 
(0.26) 
-2.482 
0.016 

-0.50413* 
(0.19748) 

-2.553 
0.0134 

𝜷�̂� GNI  
std.error  
t-value 
p-value 

    -0.48187*** 
(0.07265) 

-6.633 
1.4e-08 

F-stat  
p-value 

202.3 
2.2e-16 

119.6 
2.2e-16 

91.58 
2.2e-16 

32.22 
4.869e-14 

54.01 
2.2e-16 

 

According to the analyses conducted, the estimates for the variables Exposure to Air Pollution and Public 

Health Expenditure present significance difficulties, so the solution is to propose alternative models, 

discarding one of them and discarding them both:  

𝑴𝒐𝒅𝒆𝒍 𝟔: log 𝑈5𝑀𝑅2015
̂ = 𝛽0̂ + 𝛽1̂ log 𝐼𝑊𝑆2010 + 𝛽4̂ log 𝐵𝑆𝐻2010 + 𝛽5̂ log 𝐺𝑁𝐼2010 

𝑴𝒐𝒅𝒆𝒍 𝟕: log 𝑈5𝑀𝑅2015
̂ = 𝛽0̂ + 𝛽1̂ log 𝐼𝑊𝑆2010 + 𝛽2̂ log 𝐴𝑃2010 + 𝛽4̂ log 𝐵𝑆𝐻2010 + 𝛽5̂ log 𝐺𝑁𝐼2010 

𝑴𝒐𝒅𝒆𝒍 𝟖: log 𝑈5𝑀𝑅2015
̂ = 𝛽0̂ + 𝛽1̂ log 𝐼𝑊𝑆2010 + 𝛽3̂ log 𝑃𝐻𝐸2010 + 𝛽4̂ log 𝐵𝑆𝐻2010 + 𝛽5̂ log 𝐺𝑁𝐼2010 

  

Table 2. Results obtained from the second set of proposed Models in Cross-Sectional Analysis. 

Attribute Model 6 Model 7  Model 8 
No. of obs 64 63 63 

R2 and 
Adjusted R2 

0.8177, 
0.8066 

0.825 
0.8129 

0.8194 
0.807 

𝜷�̂� IWS 
std.error 
t-value 
p-value 

-1.05274* 
(0.44156) 

-2.384 
0.0203 

-1.01687* 
(0.44066) 

-2.308 
0.02461 

-1.02975* 
(0.46783) 

-2.201 
0.0317 

𝜷�̂� AP 
std.error 
t-value 
p-value 

 -0.12720 
(0.12617) 

-1.008 
0.31758 

 

𝜷�̂� PHE   -0.06114 
(0.09975) 
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std.error 
 t-value 
p-value 

-0.613 
0.5423 

𝜷�̂� BSH 
 std.error 

t-value 
p-value 

-0.45832* 
(0.18036) 

-2.541 
0.0137 

-0.053171** 
(0.19231) 

-2.765 
0.00762 

-0.42808* 
(0.18772) 

-2.280 
0.0263 

𝜷�̂� GNI 
std.error  
t-value 
p-value 

-0.46199*** 
(0.06966) 

-6.633 
1.06e-18 

-0.48684*** 
(0.07189) 

-6.772 
7.06e-09 

-0.45608*** 
(0.07097) 

-6.426 
2.67e-08 

F-stat  
p-value 

89.74 
2.2e-16 

68.36 
2.2e-16 

65.81 
2.2e-16 

 

According to these results, the coefficient of determination shows that Model 7 is the one which explains 

the most the variation in Under-5 Mortality Rate. However, in this model not all the variables are 

considered significant. Choosing a model with non-significant variables causes that the estimates will be 

inefficient since their variances will be greater than those of the true model. In addition to it, the standard 

errors are relatively large, indicating that the estimates are not precise. 

 

Conversely, in Model 6 all variables are considered significant and the variation in the predicted variable 

is explained by 81.77% or, more adequate, with 80.66%. Besides that, the signs corresponding to each of 

the estimates are coherent with the relationships previously analysed, F-stat and p-value show that the fit 

of the intercept-only model is significantly reduced than with the Model 6. 

Having completed several verification tests for the chosen model, it is relevant to highlight that the Model 

6, even removing the outlier, is still likely to be biased as there are some variables which are not considered 

and constitute, the so-called Omitted Variable Bias. According to Messer (2009), it is decisive to take into 

account the mother status for assessing children mortality and for that reason, not having considered, for 

example, the age and educational status of mothers comprises a fraction of this Omitted Variable Bias. In 

such manner, the data corresponding to the variables Community Health Workers and Coverage of Social 

Insurance are partly responsible for this bias since, in one way or another, they are factors influencing 

mortality rates. 

Furthermore, the World Health Organization claims that diarrhoea is a crucial element when studying 

under-five deaths and subsequently, its omission in the chosen model also causes the Omitted Variable 

Bias. Nevertheless, the consideration of diarrhoea treatments and access to drinkable water at the same 

time could have provoked some collinearity issues given that, more than the 88% of diarrhoea cases are 

related to unsafe water (World Health Organization, 2016). Other possible omitted variables might be 

related to the socio-political conditions of each country for instance: violence rates, wars, racism, 

immigration, homelessness, among others. Besides, those variables directly linked to the contraception 

methods, cultural related children growth habits, and many other non-considered data, support the 

existence of this Omitted Variable Bias. 

Notwithstanding, using panel data allows to control for the presence of omitted (wrongly measured or 

unobserved) variables, which are correlated with the explanatory ones. In the following section, panel 

data advantages and all its characterization are described. 
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Panel Model 

According to the interest of evaluating the major factors affecting the reduction of the Under-5 Mortality 

Rate from 1990 to 2015 by 53%, the panel data will be studied from 1995 to 2015 given the availability of 

data in the World Bank. This choice brings a sample size of 4562 observations for the complete initial set 

of explanatory variables (Improved water source, Exposure to Air pollution, Public Health Expenditure, 

Births attended by Skilled Health Staff and GNI per capita) plus three additional variables interesting for 

analysis (percentage of teenage mothers, the community health workers and the coverage of social 

insurance), which could not be included in the cross-sectional analysis due to, lack of available data. 

However, when estimating the linear regression model, the resulting R2 had a very high value. This “very 

good” R2 made the author be suspicious about the accuracy of the model and after evaluating its 

characteristics, the most influential reason for that is the fact, that the number of observations possessing 

data for all the variables was very small. Consequently, the model was “tailored-made” for that non-

significant sample size. In order to avoid that, the author discarded all the variables having less than 1000 

observations with complete data over the 4562 observations conforming the sample size and thus, 

removing the percentage of teenage mothers, the community health workers and the coverage of social 

insurance. 

Descriptive statistics and specific correlation analysis for the 1995-2015 panel data were made and in 

general, the conducted interpretations show relationships coherent with the literature review and similar, 

in trend, to the behaviours described in the cross-sectional section. Therefore, it is appropriate to analyse 

a model which includes the two other variables discarded in the cross-sectional section given their non-

significance for the model: Exposure to Air Pollution and Public Health Expenditure. Nonetheless, these 

variables will be included in their logarithmic forms as a result of their distributions’ analysis.  

In this new model, the R2 is still being very good but surprisingly, the percentage of Births attended by 

Skilled Staff is not a significant explanatory variable anymore, probably due to, the following reasons: 

First, this is an unbalanced panel and the number of available observations for each country and each 

year is not the same. Second, the cross-sectional analysis carried out did have balanced data for the year 

2010 for only 62 countries and thus, the sample size and the particular characteristics of the variables in 

2010 could have biased the cross-sectional model to take this variable as a significant one. Therefore, when 

running the regression without the Births attended by Skilled Staff, the resulting R2 shows a better 

explanation of the predicted variable and besides that, all the variables included in it are very significant.  

For panel data analyses, there are different error assumptions and assumptions about whether, how, and 

when parameters may change across cross-sectional units and/or time. Pooled, fixed effects and random 

effects models were conducted.  

Table 3. Estimation of Pooled, Fixed and Random effects models with Unbalanced Panel Data. 

Pooled 
Model 

 

log 𝑈5𝑀𝑅𝑖𝑡
̂ = 12.35544 − 1.23407log IWS𝑖𝑡 + 0.12621log AP𝑖𝑡 − 0.13016log PHE𝑖𝑡

− 0.47076log GNI𝑖𝑡 
R2 and 

Adjusted R2 
0.8327 
0.8322 

 
All coefficients are highly significant and have coherent 
signs with the analysis done in previous sections. They 
explain the variation of Under-5 Mortality Rate (in its 
logarithmic form) by 83.22%. 
 
In the pooled model, all parameters β’s are assumed to 
be constant for all individuals in all time periods and 

𝛽1̂ IWS 
std.error 
t-value 
p-value 

-1.23407*** 
0.07684 
-16.059 
2e-16 

𝛽2̂ AP 
std.error 

0.12621*** 
0.02308 
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t-value 
p-value 

5.469 
5.38e-08 

for that reason, individual heterogeneities are not 
allowed. The assumptions of the error term hold (zero 
mean, constant variance, uncorrelated over time). 
However, if there are individual differences, they will 
lead to a trend in different years for the same 
individual. Then, the error term variance can be 
different for time periods but constant over individuals.  
 

𝛽3̂ PHE 
std.error 
 t-value 
p-value 

-0.13016*** 
0.02669 
-4.877 

1.20e-06 

𝛽4̂ GNI 
 std.error 

t-value 
p-value 

-0.48076*** 
0.01245 
-38.603 
2e-16 

F-stat  
p-value 

1714 
2.2e-16 

Fixed 
Effects 
Model 

log 𝑈5𝑀𝑅𝑖𝑡
̃ = −0.736403 log 𝐼𝑊𝑆𝑖𝑡

̃ − 0.136843 log 𝐴𝑃𝑖𝑡
̃ − 0.102454 log 𝑃𝐻𝐸𝑖𝑡

̃

− 0.390021 logGNI𝑖𝑡
̃  

R2 and 
Adjusted R2 

0.73117 
0.68962 

 
All coefficients are highly significant but the Exposure 
to Air Pollution is a bit less significant and the sign is 
surprisingly negative. The interpretation of this model 
implies how the predicted variable has changed, on 
average, along the 20 years of consideration for each 
country, in response to a unitary variation of the 
respective explanatory variables and holding constant 
the others. This model explains the variation of U5MR 
by 68.96%. 
In the fixed effect model, all individual differences are 
assumed to be captured by the intercept so that, they 
control for individual-specific, time-invariant 
characteristics. There are two ways of estimating it with 
Least Squares Dummy Variable Estimator and Fixed 
Effect Estimator, by using least squares estimator. The 
coefficient estimates depend only on the variation of 
the dependent and explanatory variables within 
individuals. 

𝛽1̂ IWS 
std.error 
t-value 
p-value 

-0.736403*** 
0.066374 
-11.0948 
2.2e-16 

𝛽2̂ AP 
std.error 
t-value 
p-value 

-0.136843** 
0.043427 
-3.1511 

0.001667 

𝛽3̂ PHE 
std.error 
 t-value 
p-value 

-0.102454*** 
0.017124 
-5.9830 

2.89e-09 

𝛽4̂ GNI 
 std.error 

t-value 
p-value 

-0.390021*** 
0.010420 
-37.4285 
2.2e-16 

F-stat  
p-value 

813.913 
2.22e-16 

Random 
Effects 
Model 

log 𝑈5𝑀𝑅𝑖𝑡
̂ = 10.0776865 − 0.7984896 log IWS𝑖𝑡 + 0.0077353 log AP𝑖𝑡 − 0.1088238 log PHE𝑖𝑡

− 0.3977499𝛽4 log GNI𝑖𝑡 
R2 and 

Adjusted R2 
0.74144 
0.74069 

 
This model explains the variation in the U5MR by 
74.06%. All coefficients are highly significant but the 
Exposure to Air Pollution. The interpretation of the 
estimates implies what is the average effect of each 
explanatory variable over U5MR when each of them 
changes across time and between countries by one unit. 
 
It is assumed that individual differences are captured 
by intercept parameters and are random rather than 
fixed.  

𝛽1̂ IWS 
std.error 
t-value 
p-value 

-0.798489*** 
0.0652393 
-12.2394 
2.2.e-16 

𝛽2̂ AP 
std.error 
t-value 
p-value 

0.0077353 
0.0350635 

0.2206 
0.8254 

𝛽3̂ PHE 
std.error 
 t-value 
p-value 

-0.108823*** 
0.0172150 

-6.3214 
3.492e-10 

𝛽4̂ GNI 
 std.error 

t-value 
p-value 

-0.397749*** 
0.0102452 
-38.8229 
2.2e-16 

F-stat  
p-value 

987.87 
2.22e-16 

 

Afterwards, the influence of time is re-checked with an OLS regression with the model including a time 

trend. Results show high significance for all explanatory variables and a modest significance for the time-

trend, as a consequence, the model including a time fixed effect model is a better choice since its influence 
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is consistent with the plot interpretation and relevant for the current analysis. Moreover, an analysis for 

country fixed effects model was also performed and the explanatory variables were non-significant with 

a high R2 value; thus, there is a considerable heterogeneity which is not explained by the chosen variables.  

Finally, it is important to contrast results with the analysis under Balanced Panel, which allows to evidence 

noise produced by the asymmetries in the data availability existing in the unbalanced panel analyses. The 

resulting balanced panel is a data frame made up by 27 countries for the years 1995, 2000 and 2005. Here 

again, the attempt to consider the variable Births attended by Skilled Staff is included to compare with the 

resulting model of the unbalanced panel analysis. In this way, the balanced panel shows that, the fact of 

including this variable causes a better explanation of the variation of Under-5 Mortality Rate. 

 

Table 4. Estimation of Pooled, Fixed and Random effects models with Balanced Panel Data. 

Balanced Panel Data: 27 countries for 1995, 2000 and 2005 
Pooled 
Model 

 

log 𝑈5𝑀𝑅𝑖𝑡
̂ = 19.762239 − 1.545453log IWS𝑖𝑡 − 0.202346log AP𝑖𝑡 − 0.233857log PHE𝑖𝑡

− 1.468738𝛽4log BSH𝑖𝑡 − 0.272389𝛽5log GNI𝑖𝑡 
 
This model explains the 80.71% of the Under-5 Mortality Rate variation. All variables 
are highly significant but the Exposure to Air Pollution (which also has a negative sign 
in contrast with the literature review and previous analyses) and Public Health 
Expenditure are slightly significant.  

Fixed 
Effects 
Model 

log 𝑈5𝑀𝑅𝑖𝑡
̃ = −1.389075 log 𝐼𝑊𝑆𝑖𝑡

̃ + 0.319374 log 𝐴𝑃𝑖𝑡
̃ + 0.249713 log 𝑃𝐻𝐸𝑖𝑡

̃

− 0.779418 logBSH𝑖𝑡
̃ − 0.359350 logGNI𝑖𝑡

̃  
 
The significance of coefficients for this model goes in a decreasing trend beginning with 
the GNI per capita, which is highly significant and ending with Improved Water Source, 
which only has a significance star. The interpretation of this model implies how the 
predicted variable has changed, on average, along the 3 years of consideration for each 
country, in response to a unitary variation of the respective explanatory variables and 
holding constant the others. This model explains the variation of Under-5 Mortality Rate 
by a 65.94%. Time fixed effects for the balanced panel are controlled below. 

Random 
Effects 
Model 

log 𝑈5𝑀𝑅𝑖𝑡
̂ = 16.674883 − 1.619222 log IWS𝑖𝑡 + 0.058033 log AP𝑖𝑡 + 0.079108 log PHE𝑖𝑡

− 0.816936𝛽4 log 𝐵𝑆𝐻𝑖𝑡 − 0.364303𝛽4 log GNI𝑖𝑡 
 
This model explains the variation in the U5MR by 74.75%. All coefficients are highly 
significant but the Exposure to Air Pollution and Public Health Expenditure. The 
interpretation of the estimates implies what is the average effect of each explanatory 
variable over U5MR when each of them changes across time and between countries by 
one unit. 

 

Now, in order to decide which model is a better choice. The F test for individual effects and the Haussmann 

test are performed giving as a result that, the fixed effects model is also used for further analysis in the 

balanced panel case. Hence, the consideration of specific time fixed effects is developed so that, the model 

explains the 71.97% of the Under-5 Mortality Rate (in its logarithmic form) variation. The GNI per capita 

and the Births attended by Skilled Staff  stands out as the significant variables together with the factor 

time for the year 2000, which will be interesting for further analysis. Afterwards, the Fisher test confirms 

the relevance of the time fixed effects and thus, this model is chosen from the balanced panel data: 

log 𝑈5𝑀𝑅𝑖𝑡
̃ = −1.389075 log 𝐼𝑊𝑆𝑖𝑡

̃ + 0.319374 log 𝐴𝑃𝑖𝑡
̃ + 0.249713 log 𝑃𝐻𝐸𝑖𝑡

̃ − 0.779418 logBSH𝑖𝑡
̃

− 0.359350 logGNI𝑖𝑡
̃  
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Finally, serial correlation is tested for the time fixed effects model and taking into account the p-value, 

serial correlation does not affect the efficiency of the OLS estimators. 

The literature review pointed out the negative relationship for Improved Water Source, GNI per capita, 

Public Health Expenditure, Births attended by Skilled Health Staff and the positive relationship for 

Exposure to Air Pollution. The consistency of these relationships is, most of the times, confirmed 

throughout the report not only in the correlation analysis but also in cross-sectional and panel data 

analyses, with the exceptional cases of the variables Exposure to Air Pollution and Public Health 

Expenditure. 

In the cross-sectional data performance, taking into account the predicted variable for 2015 and the 

explanatory variables for 2010, the chosen model suggests that GNI per capita is the most significant 

variable inside the set of exogenous causes, the greater the income, the lower the mortality rate. Then, 

Births attended by Skilled Health Staff  holds a moderate significance and Improved Water Source also 

influences with modest significance the variation in the Under-5 Mortality Rate. However, considering the 

presence of the omitted variable bias, others endogeneity problems, the sample size (over a population of 

217 countries only 63 were studied), data availability and given that, cross-sectional data is only a picture 

on time, the results had to be reinforced by panel data analysis. In this way, there was an attempt to include 

three more explanatory variables for panel data section: percentage of teenage mothers, the community 

health workers and the coverage of social insurance. It is important to recall the statement of “attempt” 

since, due to the lack of available data, the inclusion of these additional variables would have led to a 

“tailored-made” model with non-relevant outcomes. 

For the unbalanced panel development, the time period under study is from 1995 to 2015 as the reduction 

of Under-5 Mortality Rate began in 1990 and the interest to underline the set of exogenous causes which 

were at stake for this decreasing trend. The variable Births attended by Skilled Health Staff  does not bear 

significance and so, it is excluded. The chosen model is the one assuming time fixed effects (as expected 

also from the plot of heterogeneity over time), in this one, the predictor variables explain an important 

percentage of the predicted variable variation (80.8%) and in particular, Improved Water Source, 

Exposure to Air Pollution and GNI per capita hold a sharp influence on the predicted variable variation, 

along the 20 years of consideration for each country, in response to a unitary variation of them, whereas 

the Public Health Expenditure does not. These results were also re-checked by an OLS regression including 

a time trend. 

Conversely, the balanced panel is very limited in terms of number of observations (only 27 countries for 

3 years 1995, 2000 and 2005). Here again, specific time fixed effects model is a better choice; although, for 

this model only GNI per capita and Births attended by Skilled Health Staff bear significance for the 

variation of Under-5 Mortality Rate under the three years of study. This model also explains the average 

variation of Under-5 Mortality Rate by 71.97%. 

4. Conclusions 

The results obtained from the different analyses contribute to answer the initial research concern, which 

is to determine a set of crucial exogenous causes for child mortality in order to be included in the processes 

of public policy formulation and implementation, by quantifying their influence. The fact of highlighting 

this set would be of relevance for policy makers, who are responsible to fulfill the Sustainable 

Development Goal, which states that by 2030 there should not be preventable deaths of under-five 

children.  
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Thus, consistency of variables relationship was confirmed from literature review to cross-sectional and 

panel data analyses, but in the cases of the variables Exposure to Air Pollution and Public Health 

Expenditure. According to those typologies of analyses, GNI per capita plays the most crucial role when 

influencing Under-5 Mortality Rate, which implies mainly why the focus of different government plans 

has to prioritize the income growing trend together with, the provision of highly qualified personnel for 

maternity attendance and the boosting of different water supply systems.  

Even though, the resulting models in the different analyses hold good determination coefficients and meet 

the assumptions requirements, there are some constraints to fully accept that their outcomes are 

consistent enough for conducting a public policy re-thinking towards a set of exogenous causes for child 

mortality. 

First of all, data availability, collection mechanisms for this data, which differ from country to country, 

and dimensions of predictor variables may lead to biased interpretations. Second, during the different 

analyses some variables were highlighted as significant and some others not, without following coherent 

quantifications. The only common feature across them is the indisputable influence of the GNI per capita 

for the variation of child mortality and thus, this variable should not only be taken as a proxy for 

improving socioeconomic conditions but also as a crucial driver for reducing this type of mortality. Third, 

the presence of omitted variables also contributes and this justifies the importance of further studies to 

take place by providing a broader perspective of exogenous causes and even making a discrimination, for 

instance, among socioeconomic groups, coverage for social insurance and also regions inside national 

borders.  

Finally, when trying to reduce child mortality at a global level, there is a lot to do and there is a lack of 

available information and scope of analysis, and this may explain the lack of useful public policy 

instruments for a public policy re-thinking process, which also supports the deficits in reaching the related 

Sustainable Development Goal. 
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Abstract 

This paper focuses on the contribution that collaboration across national/subnational governments, local communities and 

the private sector provides to disaster risk reduction and to the creation of resilient communities. 

Collaborative public management is widely debated in literature (Gray, 2000; Agranoff and McGuire 2003, Bryson et. al., 

2006; O’Leary, 2006; Christensen, T. et. al., 2007; Torfing, J., 2016), playing a key role in the achievement of sustainable 

development targets. 

The research seeks to highlight the key elements that characterize the ‘dominant model’ of disaster risk management 

developed so far in Japan and diffused among ASEAN countries, drawing on teachings and insights that might be useful for 

those countries that are now facing major environmental hazards.  

Prioritizing disaster risk reduction in Governments agenda would strengthen community resilience, increase citizen 

awareness and contribute to the achievement of sustainability targets. 

Preliminary results suggest that successful disaster risk management depends on three main pillars: disaster education and 

literacy of the communities; effective scales of governance based on PPP, cross-country collaboration and key stakeholder 

engagement; employment of ICT platforms for early warning system and disaster prevention. 

 

Keywords: Risk assessment; Resilience; Capacity building; Disaster preparedness; Collaborative governance 

 

1. Introduction  

In recent years, policy makers worldwide have fostered a significant shift in managing environmental and climate related 

risks. Urbanization trends, extreme weather events, large-scale migration and natural disasters have gained rising relevance, 

assuming critical dimensions above all in those countries that bear a higher level of exposure and vulnerability to these 

threats.  

In this scenario, concepts like disaster risk reduction and resilience have been widely discussed in both social and academic 

debates, arriving at the fore of the agenda of UN Institutions, national, regional and local Governments, and NGOs. These 

topics assume a pivotal relevance regarding the achievement of Sustainable Development Goals posed by the UN Agenda 

2030. A major concern of the Agenda is to “ensure responsive, inclusive, participatory and representative decision-making 

at all levels”. Likewise, the Hyogo Framework for Action and the Sendai Framework for Disaster Risk Reduction 2015-

2030 (SFDRR) have strongly emphasized the need for “strengthening disaster risk governance and coordination across 

relevant institutions and sectors and the full and meaningful participation of relevant stakeholders at appropriate levels”. 

As stated by Toinpre et. al. (2018), SFDRR advocates for the integration of programmes, policies and plans for capacity 
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building through skills, competence and knowledge transfer to adequately encourage self-reliance regarding disaster risk 

(Van Wart and Kapucu, 2011). 

For 2018, the UN ‘High-Level Political Forum on Sustainable Development’ (HLPF) will focus on transformation towards 

sustainable and resilient societies, with a major attention, among others, to SDG 11 named “Make cities and human 

settlements inclusive, safe, resilient and sustainable”, confirming the pivotal role played by Cities, Local and Regional 

Governments in pursuing sustainability and disaster risk reduction challenges. 

Starting from these considerations, the research focuses on the role that collaboration has played in disaster risk management 

and resilience initiatives developed so far between Japan and ASEAN countries (Malaysia, Philippines, Indonesia, Thailand, 

Vietnam, Cambodia, Laos, Myanmar).  

The paper is structured as follows: Section 2 explains methods and describes data sources. Section 3 provides literature 

review on disaster risk management and collaborative governance; Section 4 refers to context analysis, describing some key 

facts and figures that characterize Japan and ASEAN countries. Section 5 presents data analysis focused on Japan and 

ASEAN countries in light of the higher exposure to disaster risks and to the greater capacity that they have shown in 

building resilience and in fostering stakeholder collaboration towards disaster risk reduction and resilience targets. Section 6 

discusses preliminary findings that have emerged from literature, context and data analysis. Section 7 provides conclusions 

and future perspectives of the research.  

2. Methods 

The paper assumes the Japanese experience on disaster risk management is a landmark that has influenced, in various forms, 

countries within the ASEAN region, being also a leading country that has contributed to disaster recovery and mitigation 

worldwide (Venezuela, Ethiopia, Sudan, Egypt, Russia, Nepal, etc..).  

In this perspective, we first used an available database (Em-dat.be), to trace a record of natural disasters that have occurred 

in Japan and ASEAN countries. Our analysis also draws elements from the INFORM Platform, a collaborative project of 

the UN Inter-Agency Standing Committee on Risk, Early Warning and Preparedness (IASC) and the European Commission. 

More in detail, we considered one of the main dimensions of INFORM country risk assessment methodology, the so-called 

‘lack of coping capacity’ that measures the ability of a country to cope with disasters in terms of formal, organized activities 

and the effort of the country’s government as well as the existing infrastructure which contribute to the reduction of disaster 

risk. This dimension captures government effectiveness in a broader sense that covers community perceptions of the quality 

of public services, the quality of the civil service, the quality of policy formulation and implementation, and the credibility of 

the government’s commitment to such policies. It also measures the efficiency of dissemination of education and early 

warnings through a communication network as well as coordination of preparedness and emergency activities. It is 

dependent on the dispersion of the communication infrastructure as well as the literacy and education level of the recipients. 

Through a review of the literature and analysis of available data we tried to point out key success factors of Japanese and 

ASEAN DRR initiatives, highlighting lessons that can be transferred to those countries that are now facing an increasing 

level of exposure to natural disasters and extreme weather events. 

- Literature review  

Disaster risk reduction and resilience represent complex policy issues which can be framed drawing on several fields of 

research ranging from environmental science, (Cutter, 1996; Birkmann, 2006; Brikmann and von Teichman, 2006; Thomalla 

et.al., 2006,), risk assessment (Khunreuter et.al. 2004;  Michel-Kerjan, 2009), policy studies (Nilson, 1985; Wolensky and 

Wolensky, 1990, Boin, 2009; Joseph, 2013a; 2016b), emergency and crisis management (Quarantelli, 1998; McEntire, 2001; 

Wisner et.al., 2003; Birkland, 2006; Bonfield, 2009; Lettieri et. al. 2009; Henstra, 2010; Prior & Roth, 2016), sustainability 

and climate change adaptation (Gaillard et. al, 2010; Aldunce et. al., 2011; Koik et. al., 2016). 

Berg and De Maio (2017) have recently tried to list different conceptualizations of disaster (intended as a policy issue), 

coming to identify what they called ‘holistic paradigm’ (as in Amaratunga et.al. 2014). This approach is no longer focused 
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on disasters as unpredictable events that cause serious humanitarian consequences and impose mainly recovery action. 

Rather, the holistic view assumes a more strategic focus throughout the whole disaster cycle, pointing out the interactions 

between different systems (physical, technological, social) and causes (natural, man-made).  

The holistic paradigm promotes a shift from a disasters-reactive mentality towards proactive management of natural hazards 

based on prevention, preparedness and literacy (Riechard, 1993; Chan et. al., 2012; Kanbara et.al, 2016), mitigation and, as 

final stages, response and recovery. 

Notwithstanding significant results achieved by several countries in bolstering community resilience through risk prevention 

and mitigation measures, vulnerability to disaster and extreme weather events represents an ongoing and critical threat that 

asks for a continuous, widespread and shared effort (OECD, 2017) aimed at dealing with ‘wicked problems’(Rittel & 

Webber, 1973; Head, 2008; 2014; Alford & Head, 2017). 

It is widely recognized that disasters and events like floods, hurricanes, and drought are transboundary in their nature, not 

only from a geographic perspective but also in terms of origins, duration and directions. The width and nature of these events 

call for ‘transboundary policies’ aimed at building capacity towards disaster risk reduction.  

Scholars have long discussed inter-organizational relationships involved in policymaking. Robinson (2009) noted that 

research into disaster response networks, often involving extensive collaboration across traditional sectors, has suggested 

that collaborative networks emerge spontaneously following a disaster, with a certain number of actors not previously 

identified as being part of the network stepped up to provide assistance. He also pointed out that individual perceptions of 

disaster vulnerability and the likelihood of disasters are the most important motivations for individual and organizational 

preparedness. 

Collaboration across governments, private sector, NGOs and citizens seems to be the common route that has to be followed 

to cope with sustainability and disaster resilience challenges. As noted by Bardach (1998), collaboration could be described 

as “any joint activity by two or more agencies working together that is intended to increase public value by their working 

together rather than separately”. Agranoff and McGuire (2003) consider collaboration as ‘a purposive relationship 

designed to solve a problem by creating or discovering a solution within a given set of constraints… facilitating and 

operating in multi-organizational arrangements’ to solve problems that cannot be easily managed by single organizations 

(O’Leary et. al, 2012). 

Participation, inclusion, co-production and stakeholder cross-sectoral partnerships within both planning and decision-making 

processes are key success factors in the achievement of sustainable development goals (Schipper and Pelling, 2006; Rodin, 

2014; Tozier and Baudoin, 2015; Meerow et. al., 2016; Boas et. al., 2016).  

According to Kuipers et. al. (2015) collaborative governance and coordination between partners that are not hierarchically 

related seem to be of vital importance for improving crisis and disaster response. Other authors have underlined the 

“buzzword nature” of these concepts (Leal, 2007; Cornwall, 2007; Nicholson, 2015), although they often turn out to be 

"fashionable concepts" rather than key strategic issues which, if not actually enacted, could potentially undermine the whole 

survival of communities. Benadusi (2014) emphasizes the ‘cultural’ dimension of disasters “moving beyond a purely techno-

centric understanding of the phenomenon”. 

Looking at the Japanese model of collaboration, which is quite a dominant and pioneering approach towards disaster risk 

management across Asia, Avanell (2010) pointed out that civic engagement in Japan progressively took the form of 

‘symbiotic relationships with the state and the market’. Other valuable examples of collaborative governance, multi-level 

cooperation, cross-country integrated programming and training over disaster risk prevention can be traced across ASEAN 

and EU region both at a horizontal (among municipalities) and vertical level (among National/Local Governments). As 

observed by Aoki (2015), disaster management initiatives are ‘inherently collaborative in nature’, not only in the sense of 

PPP but also in cross-country forms that allow vulnerable communities to strengthen resilience to disasters. 
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- Context and data analysis. Japan and the ASEAN Countries  
 
Japanese Local Governments strengthen their capacity towards disaster risk reduction mainly through the exploitation of a 

‘key driver’ like municipal wireless platform that provides ICT services within the city, such as healthcare, social welfare, 

disaster mitigation, tracking of children and elderly people using wireless tags, weather observation. These platforms are of 

pivotal importance during disasters and extreme weather events because they capture data from observation systems and 

generate accurate information to be transmitted to Emergency services and key actors (police, fire fighters, industrial plants, 

hospitals, schools etc.).  

As a response to the high level of exposure to natural hazards, Japan boasts the world's most sophisticated earthquake early-

warning systems (Rahuala, 2011). Japan's tsunami warning service, set up in 1952, consists of more than 300 sensors around 

the archipelago, including 80 aquatic sensors that monitor seismic activity 24/7. 

Lessons learnt from past events through knowledge transfer by story telling, that is, information and knowledge sharing, has 

been crucial to disaster prevention and initial action when an event occurs. Indeed, experiences of the Great Kanto 

Earthquake of 1923 were transmitted and shared with the population until the more recent big earthquakes hit the country, 

first in 1995 with Hanshin-Awaji Earthquake and in 2011 with the Great East Japan Earthquake. Since the 1923 earthquake, 

schools and neighbourhood associations have drilled regularly nation wide, what to do in case of various natural disasters, 

while regions hit by certain disasters (flood, typhoon, volcano eruption, etc.) have drilled for their specific needs. Schools 

and neighbourhood associations have worked closely with local governments, which not only financially support these 

activities, but also prepare hazard maps and detailed evacuation plans. While the national and regional governments are in 

charge of constructing infrastructure and major reconstruction after the event, local governments have to raise awareness 

among the population and organize the evacuation in case of crisis. 

The major lesson of the 1923 earthquake was that deaths were not necessary caused by the collapse of buildings, but by the 

fire after the earthquake, also strongly related to the timing. The 1923 earthquake occurred at 11:58, when households were 

preparing lunch. This led to an important lesson for the population: the next action is to switch off gas and electricity. The 

1995 earthquake brought other important lessons: regardless of the major cause of damage, the knowledge and awareness of 

the inhabitants and their information sharing distinguished the areas within regard to reduced effects of the damage; second, 

the importance of volunteers and NPOs as major actors, although they were already active in various fields, were recognized 

and institutionalized by law; third, the importance of community-based self-help and mutual help, especially when and 

where the authorities have difficulties reaching. These lessons were fully utilized during the 2011 earthquake, although the 

size of the event was far bigger. Indeed, many NPOs and volunteers were active, but coordination was difficult; while old 

communities were able to save many lives, newly born communities showed limitations; and community-based knowledge 

saved more people than scientific information. 

The ASEAN region hosts more than 600 million people, covering an area of approximately four million square kilometres, 

prone to a range of typhoons, earthquakes, floods and other natural disasters on a yearly basis. Since 2000, the region has 

suffered 362,000 deaths and 259 million people affected, largely by earthquakes, storms and floods. The magnitude and 

recurrence of these events have imposed a remarkable effort to cope with catastrophes on ASEAN Region governments. 

Given the disaster-prone conditions of the majority ASEAN member states, ASEAN has been raising its collective efforts to 

cope with these hazards. Since its inception back in 1976, countries involved have been adopting disaster management as 

one of their key principles and objectives (Pal and Ghosh, 2018). Having millions of people that live constantly at risk within 

cities, suburbs and villages, policy makers of the ASEAN region have been forced to build a strong, harmonised and 

integrated response-capacity aimed at coping with transboundary hazards and recurrent disaster conditions. In this 

perspective, a joint vision towards disaster resilience and climate change adaptation has strengthened institutional capacity 

through the implementation of a shared policy framework, the development of cross-country partnerships, and the 

involvement of citizens in training activities, participation and knowledge dissemination programmes.  
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Community awareness, training, education and knowledge dissemination are also basic items in disaster resilience. Inter-

governmental cooperation, public-private partnerships, regional/local platforms, academic programmes and media coverage 

have become valuable tools for building capacity and enhancing stakeholders’ collaboration towards the achievement of 

sustainable development goals.  

- Data analysis 

Southeast Asia has been home to some of the most violent natural disasters in recent history (AHA Centre Knowledge 

Series, 2015). As shown in Table 1, disaster trends during last fifteen years are by far the highest in the world, in terms of 

frequency, effects and damage. 

Table 1. Disaster trends within the ASEAN region (period 2004-2018) 
 

Year Occurrence Total deaths Total affected Total damage  ('000 US$) 
2004 51  176,832   5,238,881   $6,945,655 
2005 35  1,717   2,689,333   $1,012,131  
2006 61  11,334   18,680,292   $4,817,464  
2007 53  1,138   5,431,783   $3,639,315  
2008 57  139,925   23,941,918   $5,184,279  
2009 51  3,232   20,466,357   $4,508,737  
2010 38  2,270   23,065,577   $1,576,787  
2011 62  3,634   26,512,501   $41,798,177  
2012 43  2,618   25,330,406   $1,381,781  
2013 49  8,477   36,209,579   $18,313,540  
2014 40  767   18,017,031   $2,545,599  
2015 44  568   7,963,652   $13,587,968  
2016 51  656   12,880,904   $1,553,161 
2017 39  618   11,289,340   $2,487,093 
 674  353,786   237,717,554   $109,351,687  
Source: EM-DAT: The Emergency Events Database – 
Université Catholique de Louvain (UCL) - CRED, D. Guha-Sapir - www.emdat.be, Brussels, Belgium 

 
Table 2 breakdowns disaster by country, occurrence, nature and effects (deaths, people affected and economic losses) among 

Japan and ASEAN countries during the last fifteen years.  

Table 2. Disaster breakdown within Japan and ASEAN Countries (period 2004-2018) 
 

 

Source: EM-DAT: The Emergency Events Database – Université Catholique de Louvain (UCL) - CRED, D. Guha-Sapir - 
www.emdat.be, Brussels, Belgium 
 
 

 

 

Japan + ASEAN Region                           
Disaster occurrence  
(Period 2004-2018) 

Ranking  Country Occurrence 

#1 Philippines 228 
#2 Indonesia 190 
#3 Japan 104 
#4 Vietnam 98 
#5 Thailand 58 
#6 Myanmar 35 
#7 Malaysia 33 
#8 Cambodia 14 
#9 Laos 12 

Japan + ASEAN Region                         
People affected by disasters            

(Period 2004-2018) 

Ranking  Country People  
affected* 

#1 Philippines 116.036.633 
#2 Thailand 63.889.834 
#3 Vietnam 27.570.131 
#4 Indonesia 12.430.943 
#5 Myanmar 6.150.456 
#6 Malaysia 2.981.465 
#7 Japan 2.220.735 
#8 Laos 1.449.348 
#9 Cambodia 7.077.64 

Japan + ASEAN Region                           
Disaster economic damage                   

Period 2004-2018) 

Ranking  Country 

Estimated 
damage 
('billion 

US$) 
#1 Japan 301* 
#2 Laos 231 
#3 Thailand 48 
#4 Philippines 20 
#5 Indonesia 18 
#6 Vietnam 16 
#7 Myanmar 5 
#8 Malaysia 2 
#9 Cambodia 1 

*An average of 60% of the whole 
amount accounts for Tohoku/Fukushima 
disasters of 2011 
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Table 3 refers to the improvements achieved during the last five years by Japan and ASEAN countries in downscaling their 

lack of coping capacity (LCC) to disaster risks and extreme weather events. 

Table 3. Lack of Coping Capacity towards disaster risk reduction. Japan and ASEAN Countries (trend 2012-2018) 

Country Japan Vietnam Singapore Malaysia Thailand Indonesia Philippines Laos Cambodia 

Indicator LCC LCC LCC LCC LCC LCC LCC LCC LCC 

2012 result 2.6 5 2.2 3.8 4.4 5.6 5 6.5 7.2 

2018 result 1.5 4.2 1.1 3.1 4.1 4.8 4.2 6.2 6.5 

Source: INFORM Platform. Trend data 2012-2018_v4 (09/10/2017). Available at www.inform-index-org 

 

Notwithstanding further analysis seem appropriate to deepen the relevance of some results, there are several (preliminary) 

findings that can be framed and discussed in the next paragraph. 

3. Results and discussion 

The numbers of the above listed charts confirm various facts. Japan, a country with high number of serious disasters, 

including earthquakes, floods, and storms, which has its correspondence in material damage, which is shown in its economic 

damage, has a relatively small number of human victims, especially in terms of the number of deaths. Some of the reasons 

for this can be explained from historical perspective as well as recent policy development. 

Notwithstanding the devastating effects of major disasters that affected the country, Japan has been able to mitigate disaster 

impacts thanks to the level of knowledge, ICT solutions for disaster monitoring and community disaster education and 

literacy.  

At the same time, these are the results of decades of policy efforts made in the field of global disaster prevention and relief 

operations not only within the country but also acting as a leading partner of several collaboration and assistance 

programmes developed worldwide. Thus, for example, as far back as 1980, Japan Disaster Relief Teams were dispatched to 

major disaster areas, especially in developing countries, to carry out rescue operations, provide medical care, and carry out 

rehabilitation activities as well as emergency activities to mitigate damage in response to requests for help from the 

governments of the affected countries (Japanese International Cooperation Agency –JICA, 2017). 

JICA organizes courses for public managers and experts of developing countries on many issues, but disaster prevention and 

crisis management are the areas where there are major knowledge transfer and collaboration initiatives. 

Table 4. JICA Organizational Structure for DRR initiatives 

 

 

Personnel from the Ministry of Defence 

Government officials 

National Police Agency; Fire and Disaster 
Management; Japan Coast Guard, 

Construction professionals 

Carried out by JICA on behalf of Japanese 
Government (Ministry of Foreign Affairs) 

Doctors, nurses, pharmacists, and co-
medical staff of JICA 

Dispatch of 
Personel 

Relief Supplies 

Financial Aid 

Infection Disease Response Team 

Expert Team  
 (Disaster Response and 

Reconstruction) 

Search and Rescue Team 

Japan Disaster Relief Team 

Self Defense Force Unit 

Medical Team 

Provision of Emergency Supplies 

Emergency Grant Aid 

Doctors, nurses, pharmacists, and co-
medical staff of JICA 

Carried out by JICA 

Carried out by the Ministry of Defence 
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Because of austerity budgets, the private sector has been active in weather forecast and disaster prevention. This means that 

disaster prevention in Japan is already carried out through public and private collaboration as well as multi-level governance 

among national, regional, and local governments, schools, hospitals as their competences are different (Shiwaku et.al., 

2016). 

DeWit (2018), notes that factors that distinguish Japanese ‘smart approach’ from their counterparts overseas are ‘A focus on 

smart energy systems and disaster resilience 2) A “whole of government,” integrated approach …’. These features become 

clearer following 2011 Fukushima disaster. Collaborative governance becomes a key value that has characterized Japanese 

example and ‘multiplies the co-benefits of action, clarifies demand profiles, and integrates other critical infrastructures’. 

Japanese policymakers use smart communities to increase disaster resilience, economic revitalization, energy security, 

socioeconomic equity, and related public goods  (Kashiwagi, 2016). 

Granier and Kudo (2016) observed that participation is salient at the city level where community-building initiatives are 

flourishing, especially since the 1990s and civic engagement related to disaster events has recently gained impetus, 

especially in the wake of the 2011 Fukushima nuclear disaster. A core value of Japanese society lies in the presence of 

strong social capital (Aldrich, 2012; Sorensen, 2012) and high civic engagement (Haddad, 2012). The relationship between 

state and society is also conceived as integrated and cooperative and is characterized by a high level of mutual trust. Inter-

agencies communication and collaborative governance are key factors that reinforce the immune systems of cities and 

communities against disaster events. 

Looking at the ASEAN Region, proof of citizen participation and collaborative governance can be traced to disaster risk 

reduction initiatives developed so far. As in the Japanese context, that is a sort of dominant model across Asia, public 

participation is now institutionalised and widely practiced also among ASEAN countries.  

 

4. Conclusions  

The higher exposure to disaster risks has determined - as a response - an equally high coping capacity between Japan and 

ASEAN countries, whose approach to disaster risk management could represent a point of reference for other countries that 

are now facing major natural and environmental hazards. 

The lessons learnt, and best practices yielded from the region’s experiences in anticipating and dealing with multiple hazards 

have moved ASEAN counties towards becoming the centre for excellence and a thought leader in disaster management. At 

the same time, ASEAN countries foster knowledge dissemination and the creation of a shared cultural tissue through the 

involvement of universities and research institutions in research and training programmes related to disaster management. 

Civil society groups have been implementing countless projects in the areas of risk reduction (AADMER, 2016). 

Humanitarian organisations have been conducting lesson-learnt sessions in their disaster relief operations as part of the 

evaluation process. Private sector entities have been developing and applying business continuity plans. Media has been 

promoting journalism ethics in their disaster related coverage. Communities across the region have their own local wisdoms 

and traditional knowledge to strengthen their resilience to disasters. All of these are good practices that may contribute to the 

enhancement of disaster management capabilities in the region and have the potential to be replicated or scaled up. 

ASEAN experience suggests that proactive management of disasters and natural hazards requests the adoption of several 

paths of collaboration, ranging from PPP as well as community-based initiatives. Both Japan and ASEAN seem now able to 

spread their knowledge and accumulated experience worldwide, assuming a leading role within the international community. 

The model has spread among Japanese local governments, academic institutions and social groups, and it fosters cross-

sectorial collaboration, PPP, community-based education and preparedness towards the whole disaster risk management 

process. This approach can lead to build community resilience and smart governance (Meijer and Bolivar, 2016) wherein 

key actors collaborate to strengthen community preparedness towards disaster risks. 
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In this perspective, drawing inspiration from the highlighted model, future challenges refer to the development of new and 

more structured and collaborative approach, of appropriate inter-organizational routines and coordination mechanisms 

(Nolte, Martin, Boenigk, 2012), of knowledge transfer that might enhance community and public managers literacy on 

disaster risk reduction. Collaborative activities are essential for building resilience to changed conditions caused by disasters 

(Kapucu et. al. 2013). The transboundary nature of many contemporary ‘wicked problems’ has created incentives for 

collaborative governance especially in the achievement of sustainability targets.  Although in the whole Agenda 2030 for 

Sustainable Development, collaboration remains in the background, it is undoubted that the “collaborative dimension” plays 

a key role in fostering partnerships and mutual interactions between Governments and the community, and in coping with 

critical threats and challenges posed by the Agenda.  
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Abstract 
The prevailing agro-industrial system of food production has had—and continues to have—serious negative impacts 
on the environment, with significant degradation of soils, water resources and biodiversity in many parts of the world. 
Equally, the global food system has also demonstrated structural deficiencies to provide for food security and adequate 
public health outcomes. Access to nutritious and safe food remains a critical global issue, whilst many of the severest 
health conditions afflicting populations around the world - from respiratory diseases to a range of cancers and systemic 
livelihood stresses - are linked to industrial food and farming practices. These structural deficiencies present a threat 
to the realisation of human rights, most notably the right to food and to a healthy environment. The converging food, 
health, climate and agrobiodiversity crises have become a major challenge to existing structures of governance. The 
fragmented nature of food system governance creates institutional barriers to food system reform. In the near future, 
the need to produce more food for a growing population, coupled with the need to use land for conservation or 
recreation and other purposes, will impose growing pressure on already scarce land resources to sustain agricultural 
practices and ecosystem health and services. Creating a more balanced, collaborative approach to land use that 
underpins a sustainable food system thus becomes a fundamental task for governments at all levels. This paper reviews 
the vast literature at the intersection between food systems and the realisation of human rights. It draws on original 
analysis and case studies of emerging food system governance trends and explores new governance frameworks that 
have been developed in the transition towards more sustainable food systems. The paper focuses on the role of policy 
and legal institutions in food governance and discusses recent initiatives by state and non-state actors to establish 
integrated food policies that better address the converging food, health, climate and agrobiodiversity crises. 
. 
 
Keywords: food systems, sustainability, human rights, integrated governance, food system principles. 

1. Introduction  

In just over 50 years, the global food system has been transformed with the development of agro-technologies and the 

marketization of food products and services, leading to a significant increase in agricultural outputs and food available globally 

(FAO, 2017). Yet, the task of feeding the world population faces multiple challenges posed by unbalanced distribution of and 

access to resources, health impacts through deficiencies and overconsumption, and environmental degradation and climate 

change. These challenges will continue to be exacerbated by an ever-increasing global population, increasingly scare land and 

water resources, and the impacts of climate change. 

Whilst conjecture exists as to the scale of agricultural production required to meet population growth to 2050, it is apparent 

that we produce enough food today to feed the global population of 7 billion people (FAO, 2017; World Food Programme, 

2017).1  Despite this, malnutrition in its various forms persists, posing great burdens on individual health and well-being and 

thus generating major social and economic costs.2  The number of chronically undernourished people in 2015 was estimated 

at 793 million people, and almost 2 billion people suffer from micronutrient deficiencies (FAO, 2015; FAO, 2017). The health 

                                                      
1 The debate as to relative requirements for agricultural production increases to meet rising global population (and hence demand for food) 
is marked by contradictory projections. Whilst it is not the purpose of this paper to engage in this debate and explore these differing 
projections, it should be noted that contention exists as to the scale of production required and whether net increases in food production are 
needed at all. For example, on the one hand, Holt-Gimenez et al. (2012) – referring to Food and Agriculture Organization of the United 
Nations (FAO) data from 2009 – state that the world already produces enough food to feed 10 billion people, which is approximately the 
population projection for 2050; on the other, the FAO (2017) notes that the world will need to produce approximately 50% more food to 
feed the population to 2050 [despite population growth to 2050 estimated to be 30% on 2016 levels].  
2 FAO (2017: 80) state that malnutrition comes in three forms—undernutrition (not enough food), micronutrient deficiency (not enough 
nutritious food), and obesity (too much high calorie food)—and that the various forms of malnutrition can co-exist within the same country, 
the same household and the same individual. 
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impacts associated with the current industrial food system are significant, with many of the severest health conditions affecting 

people—from respiratory diseases to a range of cancers—being associated with industrial food and farming practices [i.e. 

chemical-intensive agriculture, concentrated livestock production, the mass production and marketing of ultra-processed 

foods, and deregulated global supply chains] (IPES Food, 2017a). The economic costs of these impacts are vast and likely to 

grow, with malnutrition (including non-communicable diseases due to inadequate diets) costing the world an estimated US$3.5 

trillion per year (FAO, 2013).  

The growth of agricultural productivity and industrial agriculture has also had considerable environmental impacts, including 

greenhouse gas emissions, deforestation, land degradation, water pollution, biodiversity loss, and increasing pest resistance. 

As IPES Food (2017b) notes: 

food systems contribute around 30% of global greenhouse gas emissions; around 20% of land on earth is degraded; 

more than 50% of human plant-derived foods now depend on three crops (rice, maize and wheat); 20% of livestock 

breeds are at risk of extinction; [and] the extinction of wild species and the application of insecticides threaten the 

35% of global crops dependent on pollination.  

Every component of the food system, from production to food waste, has a significant impact on the environment, including 

the emerging crisis around pesticides and other agents (antibiotics, residues of veterinary medicines) (UNEP, 2016). According 

to IPES Food, the combined EU and US losses from exposure to endocrine disrupting chemicals amount to US$557 billion 

per year, while anti-microbrial resistant infections are already thought to be incurring $20-34 billion of annual costs in the US 

(IPES  Food, 2017). By having a deleterious effect on ecosystem services, the growth in industrial agriculture also creates 

negative feedback loops—that is, the degradation of ecosystem services impacts upon land availability, soil and water quality, 

precipitation, and crop growth, and these consequences in turn affect yields, product quality and our ability to meet future 

demand for food (FAO, 2017).  

It is evident that while intensive agricultural production has become highly efficient, which reduces costs per unit of product 

and increases yields, the ongoing intensification of agricultural production has had particularly notable effects on human health 

and the environment. The relative success of the current agri-food system to achieve food security must be weighed against 

the social and environmental costs of the system (IFPRI, 2015; Nesheim, 2015).  

The inability of the global food system to deliver safe, adequate, nutritious, and sustainable food to the world's population 

relates to the structure of the system and power imbalances within the system. Governance of the food system is fragmented 

across different policy domains and is dominated by the ‘productionist’ paradigm (focus on agricultural production and 

economic/ trade issues), while power imbalances in favour of large corporations and the dispersal of state authority undermine 

effective decision-making processes (Hospes and Brons, 2016).  

These structural deficiencies pose a direct threat to the realisation of human rights and the Sustainable Development Goals 

(SDGs). The human right to food, including the right to safe and nutritious food, is explicitly vulnerable to deficiencies in the 

food system and its governance; but other human rights—including the right to health and the right to a healthy environment—

are also at risk when broader health, environment and participation issues are considered. The SDGs reiterate the objective to 

“end hunger, achieve food security and improved nutrition, and promote sustainable agriculture” (SDG 2). However, the 

dysfunctionality of the global food system from a health and sustainability perspective brings other SDGs into play: Good 

health and well-being (SDG 3); Reduced inequalities (SDG 10); Sustainable cities and communities (SDG 11); Responsible 

consumption and production (SDG 12); Climate action (SDG 13); and, Life on land (SDG 15).  

This paper explores the nexus between food system governance, human rights and the SDGs. It draws on examples of emerging 

developments in food system governance to examine the role of policy and legal institutions to establish integrated food 

policies that better address the converging food, health, climate and agrobiodiversity crises. The underlying contention of the 

paper is that a an integrated food system approach that incorporates social, environmental and economic considerations is 
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needed for the realisation of human rights (the right to food, the right to healthy environment and other related human rights). 

Currently, the governance of the food system is fragmented. A systems-based approach is required to consider the range and 

complexity of interactions prevalent in the production and consumption of food, nutritional health and fundamental social-

economic, biophysical, cultural and institutional elements that ultimately affect the quantity, quality and affordability of food, 

as well as human health and environmental sustainability. Ultimately, given the complexity of the ‘food problem’, a systems-

based approach will require new governance frameworks at the local, national and international levels and will need to draw 

upon the insights and expertise of diverse disciplines and sectors to engender greater integration across agricultural, social, 

cultural and environmental domains. 

2. Human rights, the Sustainable Development Goals and food system governance 

The 1996 World Food Summit refocused the attention of the international community on food insecurity and reaffirmed the 

right to adequate food and the fundamental right of everyone to be free from hunger (Gonzales, 2013). The right to food is a 

fundamental human right protecting the right for people to feed themselves in dignity, signifying that sufficient nutritious food 

is available (availability), that people have the necessary economic and physical means to access food (accessibility), and that 

the accessed food meets the individual's dietary and cultural requirements (adequacy). The right to food protects the right of 

all human beings to be free from hunger, food insecurity and malnutrition (Ziegler et al., 2011). It is embodied in several 

international instruments, including the Universal Declaration of Human Rights (UDHR) and the International Covenant on 

Economic Social and Cultural Rights (ICESCR).  

The realisation of the fundamental right of everyone to be free from hunger—and the right of everyone to have access to safe 

and nutritious food—was reiterated in consecutive international legal instruments. The Rome Declaration on World Food 

Security and the World Food Summit Plan of Action (1996) ‘lay the foundations for diverse paths to a common objective -- 

food security, at the individual, household, national, regional and global levels’. The Rome Declaration (1996) clarifies the 

content of the right to food: ‘food security exists when all people, at all times, have physical and economic access to sufficient, 

safe and nutritious food to meet their dietary needs and food preferences for an active and healthy life’. It also acknowledges 

that ‘attaining food security is a complex task for which the primary responsibility rests with individual governments’. The 

UN Committee on Economic, Social and Cultural Rights has clarified the extraterritorial dimension of the right to food and 

how states need to comply with their extraterritorial obligations under the ICESCR. Compliance with the right to food involves 

not only states’ obligations to not violate the right to food, but also state responsibility to ensure other actors (including 

corporate entities and multilateral financial institutions) fulfil their responsibility with regard to the right to food (Windfuhr, 

2010).  

In 2013, the UN Special Rapporteur on the Right to Food expressed concerns that, despite these extraterritorial obligations 

that states have in relation to economic, social and cultural rights, there are essentially no appropriate mechanisms for victims 

in extraterritorial situations to claim redress for violations of their right to food (UN, 2013). In June 2002, the World Food 

Summit invited ‘the FAO Council to establish an Intergovernmental Working Group to develop a set of Voluntary Guidelines 

to support Member States’ efforts to achieve the progressive realization of the right to adequate food in the context of national 

food security’ (The Rome Declaration, 1996). While multiple declarations on the imperative to realise the right to food and 

the adoption of the Sustainable Development Goals have re-focused the world's attention on the need for sustainable and 

equitable food production and distribution systems, the role of food governance needs further consideration to make the 

eradication of hunger and malnutrition an achievable goal. 

Whilst the eradication of hunger and malnutrition has been an objective of the international community for decades through 

the operation of the right to food, less attention has been paid to the role of other human rights in assessing food system impacts 

and guiding food system governance. Our food systems have far broader implications for the realisation of human rights than 

the simple fulfilment of basic food and nutritional needs. Indeed, the ramifications of activities from food production to 

consumption concern the realisation of other human rights, such as the right to health and the right to a healthy environment.  
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Article 25 of the UDHR, the human right to health, states that ‘everyone has the right to a standard of living adequate for the 

health and well-being of himself and of his family, including food, clothing, housing and medical care and necessary social 

services’ (UN, 1948). The right to health protects the right to the enjoyment of the highest attainable standard of physical and 

mental health and is, subsequently, fundamental to the exercise of many other human rights (Castleberry, 2015). Like the right 

to food, it is embodied in several international instruments, including the UDHR and the ICESCR. The ICESCR (2000) states 

that: 

the right to health embraces a wide range of socio-economic factors that promote conditions in which people can 

lead a healthy life, and extends to the underlying determinants of health, such as food and nutrition, housing, access 

to safe and potable water and adequate sanitation, safe and healthy working conditions, and a healthy environment. 

As Ayala and Meier (2017) note, this interpretation of the right to health encompasses an adequate supply of food and proper 

nutrition, which directly emphasises the importance of the quantity and quality of food necessary for a healthy diet. Any 

impediment to individuals, households or communities accessing adequate nutrient content to maintain a healthy life thus 

infringes on the right to health. Ayala and Meier (2017:11) also discuss the interconnectedness of the right to health and the 

right to food, asserting that these are: 

intersectional rights—interdependent and interrelated and encompassing an array of underlying factors that impact 

health, with specific state obligations to address food insecurity as a means to adequate nutrition. 

Importantly, both the right to health and the right to food are dependent upon a healthy environment—as set out in the 

provisions of the ICESCR. In General Comment 14 (outlined above), the UN Committee on Economic, Social and Cultural 

Rights (CESCR) interpreted the right to health in Article 12(1) of the ICESCR as ‘not confined to the right to health care’ but 

as also encompassing a range of socio-economic factors that support conditions in which people can lead a healthy life, and 

extending to the fundamental determinants of health, such as a healthy environment. Although the right to a healthy 

environment is not specifically found in human rights instruments such as the UDHR (1948), the International Covenant on 

Civil and Political Rights (1966), or the ICESCR (1966), the concept has been endorsed by several countries and is recognized 

in international law. In 2012, 177 of the world's 193 UN member nations recognised the right to a healthy environment through 

their constitution, environmental legislation, court decisions, or ratification of international agreements (Boyd, 2012). 

Analysis of the vast data on the human health and environmental impacts of the global food system highlights the failures of 

the system to adequately address food security, nutrition, climate, biodiversity and environmental services. These failures pose 

a direct challenge to the realisation of the international human rights to food, health and a healthy environment. They also 

work to undermine efforts to achieve the SDGs. Announced under the 2030 Agenda for Sustainable Development, the SDGs 

seek to realise the human rights of all. The goals reiterate the underlying objective of the right to food to “End hunger, achieve 

food security and improved nutrition, and promote sustainable agriculture” (SDG 2).  

The 17 SDGs and 169 targets are integrated and indivisible, recognising the interlinkages between the various goals. 

Importantly from a food system perspective, SDG 2 highlights the link between achieving food security (and improved 

nutrition) and promoting sustainable agriculture. Target 2.4 stresses the importance of ‘sustainable food production systems’ 

and ‘resilient agricultural practices’ with the objective to not only ‘increase productivity and production’ but also to ‘maintain 

ecosystems and progressively improve land and soil quality’ (UN, 2015). SDG 2’s emphasis on supporting sustainable 

agriculture, empowering small farmers, ending rural poverty, ensuring healthy lifestyles, and tackling climate change shows 

the interconnectedness of issues related to the food problem. Other Sustainable Development Goals also are connected to food 

system outcomes: Good health and well-being (SDG 3); Reduced inequalities (SDG 10); Sustainable cities and communities 

(SDG 11); Responsible consumption and production (SDG 12); Climate action (SDG 13); and, Life on land (SDG 15). By 

refocusing the food security debate in the broader multidimensional agenda on sustainability, the 2030 Agenda for Sustainable 

Development places a significant challenge to the suitability of our current food system.  
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The achievement of the SDGs is highly contingent on solving the food, health, climate and agrobiodiversity crises (Gonzales, 

2013). The complexity of the ‘food problem’, and its ramifications in terms of environmental degradation and human health, 

has been acknowledged in various international forums (e.g. UN General Assembly, UN Human Rights Council), and a food 

system approach has been identified as a way to solve the multiple crises related to the food problem (Ingram, 2011). Food 

systems, conceived of as a set of activities ranging from production through to consumption (Ericksen, 2008), have broad 

environmental, social, political and economic determinants. Yet the food system concept is poorly reflected in institutional 

terms at local, national, and international levels (Termeer et al., 2018). Moreover, the governance of the food system is flawed, 

with fragmentation, lack of participation and power imbalances undermining effective food system administration and 

decision-making processes. These weaknesses, as addressed in a growing body of literature on the qualities of food system 

governance (e.g. Candel, 2014; Hospes and Brons, 2016; MacRae, 2011; Maye and Kirwan, 2013; Sommerville et al., 2014; 

Von Braun and Birner, 2017), are outlined below:  

1. Food system governance is fragmented: it spans different policy domains (agriculture, trade, health, environment, 

employment, etc.); tends to have a sectorial focus that fails to account for the interconnectedness of food, health, 

social, economic and environmental dynamics; is dominated by a narrow focus on agricultural production and trade 

(‘productionist paradigm’); and, is distributed across various levels of government and across borders (Hospes and 

Brons, 2016; Kennedy and Liljeblad, 2016; MacRae, 2011; Moragues-Faus et al., 2017).  

2. Food system governance lacks democratic and participatory processes: there is limited participation of civil society 

in developing food policy and programmes; and, local communities have relatively little influence on and input into 

local, state, national and international policy and practices. The calls for more inclusive and participatory institutions 

have led to the reforms of the Committee on Food Security to integrate views from across public, private and non-

governmental domains (Clapp and Cohen, 2009; Seed et al., 2013). 

3. Food system governance is imbued with power imbalances: that favour corporate interests over the development of 

safe, healthy, diverse and sustainable food systems underpinned by the realisation of fundamental human rights; that 

lead to a lack of coordination and regulation of corporate activities by governments; and, that ensure that civil society 

has less influence than centralised governments and corporations over the food they eat. The deep imbalance of 

power in the food system has made it a fundamentally flawed system, and give rise to not only inequalities in access 

to adequate food but also to serious environmental and human health issues and weak regulation of corporate 

activities by governments (Hospes and Brons, 2016; Narula, 2010; Pereira, 2013; Sommerville et al., 2014).  

The boundaries between institutions and normative frameworks have impeded the development of a more systemic and 

inclusive approach to food governance, with limited connections across health, agricultural development, environmental 

sustainability, and international trade and investment regimes. The international trade and investment regimes, which have 

facilitated global capital flows and the development of food technologies and large-scale investment in land and agriculture, 

have engendered the commodification of food and natural resources, and the dispossession of agricultural land from small-

scale farming communities (Gonzales, 2013). The realisation of the right to food—and other human rights—will require a 

holistic reconceptualisation of international law and national food governance frameworks to integrate human rights, 

environmental protection, and trade and investment law, rather than relegate them to separate spheres (Gonzales, 2013). The 

realisation of these rights will also be contingent upon the democratisation of food governance institutions and cross-sectoral 

cooperation.  

3. Emerging approaches to integrated governance for sustainable food systems 

It is clear that, to realise fundamental rights to food, health and a healthy environment and to meet the ambitious objectives of 

the SDGs, the impacts of the food system need to be addressed; however, the fragmented, exclusive and unbalanced nature of 

food system governance undermines efforts to deal with the complexity of the food system and its outcomes. In response to 
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these issues, food governance models have emerged that better reflect the need for governance that is ‘more coherent, better 

integrated and coordinated, and more inclusive’ (Candel, 2014: 12) to not only achieve food and nutritional security but equally 

to remediate the widespread ecological impacts of the current food system.  

The conventional industrial food system—and the current institutional architecture of the food system at state and 

intergovernmental levels—has been challenged by grassroots movements and new modes of governance that emphasise the 

imperative of sustainable food. They provide a more holistic approach to food, encompassing the social, environmental, 

economic and health dimensions, and better account for the complexity of the food system through integrated policy, better 

span levels of government, and better represent the perspectives and needs of diverse interests. The following sections outlines 

four (4) developments in food system governance: the food sovereignty movement; the rise of urban food systems; national 

initiatives in sustainable food system governance; and, the common food policy movement. These developments exhibit 

dynamics that address weaknesses in food system governance and are indicative of principles of good food system governance 

that may better align with the realisation of human rights and the SDGs. 

Food sovereignty: reconnecting food, people and the environment 

The eradication of hunger and poverty will depend in large measure on how people gain access to land, fisheries and forests. 

Access to land and natural resources is important for poverty reduction and sustainable development, but equally for the 

fulfilment of most economic, social and cultural rights, including the right to food. Yet, the problem of rural landlessness 

continues to increase as land in rural areas comes under multiple pressures from population growth, fragmentation, land use 

conversion, environmental  degradation, and the impact of natural disasters (UN-HABITAT, 2008).  

La Via Campesina, the group that coined the term ‘food sovereignty’, is the largest international network of organisations of 

peasants, indigenous, pastoralists and fishermen committed to addressing the issue of land access, localisation and sustainable 

agriculture. Working across 69 countries and with almost 150 member organisations, the network promotes ‘organization, 

cooperation and community’ to redefine rural development and to build an alternative model for food production, that is based 

on social justice, localisation, democratisation, gender and ethnic equality, economic equity and environmental sustainability 

(Desmarais, 2002). The network seeks to promote the concept of food sovereignty through agrarian reforms, the redistribution 

of land and the enhancement of land rights for small-scale farmers and indigenous communities, and the establishment of 

better infrastructure to support the development of rural farming communities (Windfuhr and Jonsen, 2005). 

The concept of food sovereignty, understood as democratic control of the food system (Windfuhr and Jonsen, 2005), has not 

only emerged in reaction to the dispossession of land from small-scale farmers, but also to reconcile the need for ecological 

sustainability and local empowerment with the eradication of hunger. Desmarais et al. (2010: ii) argue that food sovereignty 

is the means to achieving a system that will ‘provide for the food needs of all people while respecting the principles of 

environmental sustainability, local empowerment and agrarian citizenship’. The concept of food sovereignty, which directly 

challenges the current system of privatisation of natural resources and the industrialisation and centralisation of food 

production, provides an alternative to achieving the right to food by enhancing local governance over land, water, seeds, and 

food. It postulates that the people who produce, harvest, distribute, and consume food should control the dynamics and policies 

of the local food system, rather than the private actors and institutions that tend to control the global food system. At the local 

level, food sovereignty is underpinned by the idea that communities should have the right to grow their own food as well as to 

decide their own food policies (Holt-Gimenez et al., 2009). 

Promoting an integrated, democratised, localised food production model, food sovereignty has the potential to transform 

relationships across the food system and protect farmers and indigenous communities' rights in terms of land access, the 

protection of traditional knowledge and genetic resources (Desmaris, Wittman and Wiebe, 2010). In addition to supporting a 

more democratic approach to food production, food sovereignty also promotes ecologically-integrated production models. The 

movement has sought the development of new approaches and technologies that involve the application of modern 
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agroecological science and indigenous knowledge systems to enhance food security while conserving natural resources, 

biodiversity, and soil and water.  

Urban food systems 

Given that over 50% of the world’s population currently lives in urban areas, cities are playing—and will increasingly play—

a critical role in food systems. As Moragues-Faus and Morgan (2015: 1558) note, ‘cities are emerging as key transition spaces 

where new food governance systems are being fashioned’, with various institutional forms evolving—such as food policy 

councils, food boards, and food partnerships. These emergent forms of food system governance are commonly underpinned 

by an aspiration to a more integrated (between levels of government and local communities), sustainable (connecting diverse 

issues with a focus on the future), localised, equitable, and participatory approach to food system governance. Moragues-Faus 

and Morgan (2015: 1569) continue by asserting that: 

Food policy has hitherto been the exclusive preserve of a tightly knit corporatist network of nationally based 

governments, farmers, processors, and manufacturers, with a strong producer bias. The emergent world of urban 

food policy—driven by city governments in association with grassroots CSOs—suggests that the traditional 

corporatist food agenda is coming under pressure from new players who are trying to fashion a more holistic 

sustainable urban foodscape in which consumption, public health, ecological integrity, and social justice loom large. 

A key feature of international efforts to advance more integrated and sustainable urban food governance has been the 

development of the Milan Urban Food Policy Pact, which brings together 177 cities that acknowledge that cities have a 

strategic role to play in developing sustainable food systems and promoting healthy diets. Signatory cities have pledged to 

work individually and collaboratively to develop sustainable food systems that are inclusive, resilient, safe and diverse, and 

that provide healthy and affordable food to all people in a human rights-based framework, that minimise waste and conserve 

biodiversity while adapting to and mitigating impacts of climate change (Deakin et al., 2016). The Milan Urban Food Policy 

Pact enhances the role of cities and urban food governance as a catalyst to achieve a transition towards sustainable food 

systems. Critical to the future success of the Pact is the commitment to breaking down traditional fragmentation in food system 

governance across levels of government, across food sectors and across fundamental issues of environmental sustainability, 

economic development and social cohesiveness. As stated in the Pact (Milan Urban Food Policy Pact, 2015), ‘we will 

encourage interdepartmental and cross-sector coordination at municipal and community levels, working to integrate urban 

food policy considerations into social, economic and environment policies, programmes and initiatives, such as, inter alia, 

food supply and distribution, social protection, nutrition, equity, food production, education, food safety and waste reduction.’ 

National initiatives in sustainable food system governance 

Over the past decade, a number of national initiatives have emerged that advance regulation, policy and planning frameworks 

to address food system challenges and the fragmentation and inequities evident in food system governance. France and Brazil 

are examples of two countries that have developed state-based initiatives to incentivise the shift of their food systems towards 

more sustainable, integrated and inclusive practices.  

In Europe, the French Government has adopted a series of measures with the aim to restructure the food system, in the interest 

of environmental stewardship, healthier food and local economic development. In 2014, the Law for the Future of Agriculture, 

Food and Forestry was adopted by the French Parliament to support the transition towards more sustainable agricultural 

practices based on the principles of agroecology.3 The law intends to reduce the environmental impacts of the agrifood sector, 

stimulate the local economy and improve accessibility of healthy food to all citizens. The law seeks to shorten the food supply 

chain requiring all of the nation’s “collective restaurants” (school cafeterias, hospital cafeterias, senior living communities, 

prisons and other state institutions) to source at least 40 percent of their food locally. In addition to being locally-sourced, the 

                                                      
3 Agroecology applies ecological science and a whole-systems approach to the study, design, and management of agricultural systems. 
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food served must be in season, organically grown and certified ecologically sustainable. The French Parliament also enacted 

legislation in 2016 on food waste to require supermarkets and other food outlets to reduce wastage or pass on food waste to 

food banks and other related charities. These legislative platforms are complemented by policies and programmes on food 

education, nutrition and child obesity and are supported by the establishment of a ministerial position focusing on agro-food 

systems. These initiatives, coordinated by the Ministry for Agriculture, aim for integration across the food system and across 

key issues (environment, culture, economics, social development) and to place greater responsibility for food system outcomes 

in the hands of local food system stakeholders. 

Brazil has implemented forward-thinking policies along the path to food system transformation, including policies for food 

and nutritional security, small-scale family farming, organic products, investments in agricultural research and development, 

among others (IFPRI, 2016). Specific national initiatives include rural credit systems, social safety nets for local producers, 

nutrition programmes, public food acquisition, and adoption of climate-smart techniques in agriculture. All these achievements 

are the result of a longstanding process of public intervention and broad social mobilisation that have involved a variety of 

stakeholders from the government, corporate and civil society (Chmielewska and Souza, 2011; Lamine et al., 2012). Brazil 

has managed to have both agricultural modes—agribusiness and family farming—coexist (IFPRI, 2016), as well as a gradual 

changing process of practices and management of food production, whether traditional or conventional (Candiotto, 2018). 

More recently, the federal government has sought to regulate organic products, which can lead to: improvements in natural 

resource outcomes (land, water and forests); reduction of pesticide use; food security and sovereignty; strengthening of family 

farming; and availability of organic food for the consumer population (Candiotto, 2018). Key to the success of Brazilian food 

system governance has been the integration of policies addressing the economic, social and environmental dynamics of the 

national food system and partnerships between government, private sector, and civil sector stakeholders. 

Common Food Policy 

At the European Union level, critics of the Common Agricultural Policy (CAP)—the long-standing institution that focuses on 

attributing subsidies to farmers in the EU—have also suggested that Europe needs a more ambitious reform of its food and 

farming systems (IPES Food, 2017a). The view is that a common food policy could bring a broader perspective of food and 

agriculture, integrating social and environmental objectives in the policy framework to not only address the issue of food and 

nutritional security but also contribute to economic growth and address the environmental crisis.  

The movement behind the development of a Common Food Policy (CFP) for Europe see it as the best mechanism for 

integrating diverse segments of and issues facing the European food system. As De Schutter and Petrini (2017) suggest: 

What a Common Food Policy for the EU must do is to set the direction of travel, bringing together a variety of 

initiatives and measures under one roof, building around what is already working and helping to facilitate the 

transition to sustainable food systems. 

The key drivers for replacement of the CAP with a CFP include the movement away from chemical-intensive monocultures 

and toward diversified agroecological systems, increased participation and decision-making authority for local producers, 

retailers and consumers, and reduced focus on agricultural production to the exclusion of other key segments of the food 

system. The CFP would aim to dismantle the fragmented approach to food governance in the EU, where distinct policy 

frameworks—including agriculture, food safety and public health, trade, environmental protection, climate and energy, 

economic and social cohesion, rural development and international development, employment and education—are generally 

developed in isolation from each other (IPES Food, 2017a). 

 

The four examples of emerging trends in food system governance outlined above show movement towards new institutions 

and modes of governance that are more integrated, inclusive, equitable, participatory, and sustainable. Whilst this paper does 

not forward a critical analysis of emerging trends, and thus risks forwarding an overly positive view of them, there are clearly 
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foundational principles for food system transformation that are evident in the examples. These principles include: the 

integration of different policy domains; the imperative to link environmental, social, cultural and economic dynamics in food 

system decision-making; localisation of food system governance to give more rights and authority to local food system 

stakeholders; democratisation of food access, policy and initiatives; better understanding of ecosystem dynamics and their 

interrelationship with food system processes; and, greater cross-scale and cross-level interaction between food system actors. 

A food system underpinned by these principles directly challenges the current fragmented, exclusive and unbalanced nature 

of food system governance and more closely reflects the synergies among human rights and the SDGs.  

4. Conclusions 

The realisation of human rights will depend on solving the intersecting food, health, climate and agrobiodiversity crises. The 

complexity of the ‘food problem’ requires a much broader perspective than simple technical solutions, or a focus on food 

production.  In order to address the wide range of environmental and health concerns, while tackling the inequities in the 

system, there is a need for systemic approaches that draw upon the insights and expertise of diverse disciplines and sectors. 

Closer attention to scale, participation and democratisation, coupled with tackling institutional fragmentation and productionist 

agendas, will facilitate the development of more sustainable and cohesive food system governance. 

Human rights obligations and principles constitute an important framework to guide national and international policy decisions 

toward an agricultural and food system that can guarantee dignity for producers and consumers, while also providing all the 

conditions for a healthy, diversified, and culturally adequate diet. Human rights offer a universal framework for assessing food 

impacts and determining new pathways to address challenges, and are imbued with a normative quality that can motivate 

agency in governments, industry and communities to effect change. Rethinking the governance of our food system—from 

investment and trade rules, to incentives for environmental stewardship and enhancing biodiversity, non-renewable resources 

and health—and embedding human rights in this transformation, should be a priority if the international community is serious 

about achieving the SDGs.  
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Abstract 
The impact work leading to the in-depth understanding of quadruple helix co-creation in social sciences and humanities is 
based on the ACCOMPLISSH project, that has received funding from the European Union’s Horizon 2020 research and 
innovation programme under grant agreement No 693477. This paper is based on one of the reports written up there, shows 
illustrations of co-creation as discussed in focus group interviews of quadruple helix partners at 14 European universities and 
presents first-hand excerpts of the report. Our ambition is to rewrite the paper into an article publishable in peer-reviewed 
academic journals and based on previous studies published in other academic journals.  
 
 
Keywords: co-creation, collaboration, focus group interviews, SSH, quadruple helix 

1. Introduction  

Europe 2020, the European Union’s ten-year growth strategy, aims at delivering smart, sustainable and inclusive growth. The 

strategy sets targets in the areas of employment, research and development, climate change, education and poverty, and social 

exclusion for the coming decade. It is within this context that the Horizon 2020 scheme highlights impact, co-creation, and 

quadruple helix cooperation vehicles for innovation and in response to societal challenges. It is also here that the knowledge 

and research results of the social sciences and humanities (SSH) play a crucial role.  

At the same time, definitions and understanding of such concepts are ambiguous if not even contradictory, which makes it 

difficult to determine their applicability and effectiveness. This being said, there is a need for clearer definitions and viable 

and measurable valorisation processes to determine the value and outcomes of such processes. By the same token, there is a 

need to move beyond concepts and models into the actual work with these matters: to talk to the people from academia, 

government, industry and societal partners about their experiences with co-creation and the considerations these experiences 

have involved and the lessons that have been learned.  

To move beyond traditional and linear valorisation approaches (i.e. from academia to society), it is frequently claimed that 

quadruple helix actors need to be committed to and actively engaged in co-creation. Yet, due to its being boundary 

transgressive, co-creation is multifaceted and seldom naturally occurring. Also, collaboration and co-creation are often 

obstructed by differences in organisational culture, organisational logics and ideological disagreement among the actors 

involved.  

For all the reasons above, the ACCOMPLISSH consortium, made up of 14 universities1 from 12 countries (representing a 

range of SSH sub-disciplines), is engaged with a variety of quadruple helix partners from government, industry and society. 

By setting up a multi-actor platform for SSH impact, ACCOMPLISSH is in the process of establishing a platform for dialogue 

                                                        
1 Aalborg University Copenhagen, University of Barcelona, University of Cagliari, University of Coimbra, Dalarna University, University 
of Debrecen, University of Ghent, University of Glasgow, University of Groningen, University of Göttingen, Newcastle University, 
Sapienza University of Rome, Tallin University, University of Tartu, University of Zagreb.  
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wherein academia, government, industry and societal partners, jointly and equally, identify barriers and enablers of co-creation 

– with the intent of initiating, widening and optimizing co-creation.  

To meet these deliverables, a comprehensive state-of-the-art review on existing research (Pedersen et al, 2017) and good 

practice in the field and focus group interview sessions on the impact from the humanities and social sciences (Stier and 

Dobers, 2017) have been completed. This paper presented at the conference, is based on excerpts of the latter report.  

For the focus group interviews, a standardised protocol in and for the quadruple helix networks has been designed and tested. 

Using the protocol, information at regional events was collected, specifically, on-site focus group interview sessions were held 

by each consortium partner. 

With the objective of identifying barriers and enablers of co-creation, these sessions revolved around lessons learned from 

quadruple helix co-creation and impact-driven collaboration. In focus were the first-hand experiences of representatives from 

academia, government, industry and society in terms of barriers and enablers of co-creation.  

2. Methods 

The focus group interview is a common qualitative data-collection method. To shed light upon a given topic or issue, a focus 

group interview can be described as a loosely organised discussion between six to eight people, guided and monitored by a 

skilled facilitator. In a relaxed manner, it allows participants to describe, discuss and elaborate on a given theme. By making 

use of group interaction dynamics, the aim of focus groups is to enable a more in-depth understanding of a given topic, rather 

than seeking horizontal generalisations.  

In this case, each consortium partner was responsible for organising at least one focus group interview session, lasting between 

one and two hours. The responsibility included offering a functional interview setting, assigning an interview facilitator, and 

providing a high-quality audio-recording and subsequent transcription of the interview. To ensure a high level of consistency 

between the on-site interview sessions, a methodology workshop was organised where research ethics and the interview design 

were discussed and focus group guidelines and protocols were provided (Stier and Dobers, 2017). 

For the focus group sessions, an interview guide was designed. It involved a set of broad themes – based on the project 

objectives and the preliminary findings of the state-of-the-art literature review. Particular attention was given to challenges 

and inherent possibilities of co-creation in the different partnerships. This meant identifying and discussing five to seven 

significant obstacles when it comes to quadruple helix collaboration. Examples of questions were: How are these obstacles 

problematic? How can they be overcome? How can they be explained? How do or did you go about to resolve them? Similarly, 

the focus group participants were asked to identify and discuss five-seven significant enablers when collaborating. Questions 

to be answered were for instance, as follows: How are these enablers important? How can they be used and further explored? 

How can they be explained? How do or did you go about to use or explore them? 

Before the focus group sessions commenced, the facilitator provided the participants with written information about the aim, 

approach and methodology of the ACCOMPLISSH project as well as about the purpose and set-up of the interviews. 

Participants were also briefed on research ethics – i.e. they were informed about their right to terminate their participation at 

any point in time without having to give reason for such a decision (see also Appendix 3). By the same token, they were 

informed that interview extracts in subsequent project reports and scientific articles would ensure interview participant 

confidentiality – e.g. by using pseudonyms, by altering names of places and events when this is deemed necessary, by omitting 

redundant and irrelevant information, and by storing data in a safe location inaccessible to unauthorised persons. It was stated 

that stewardship of non-edited material collected is held by the University of Groningen. Information was also given about the 

fact that all edited material can be used for future analysis by any interested party since all edited material will be publicly 

available and data will be publicly available by way of the PURE (CRIS – Current Research Information System) system. The 

participants were given an opportunity to ask additional questions and receive further clarification. If the participants decided 
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to participate, they completed a consent form (Stier and Dobers, 2017). The interview facilitator made back-ups of the consent 

forms and stored them safely to ensure participant confidentiality.  

A minimum of at least four quadruple helix representatives participated, where at least two came from government, industry 

and societal partners – that is, normally between five to nine participants. The interview session was managed by a facilitator 

from the consortium partner universities. The facilitator introduced the interview themes facilitated spontaneous, respectful 

and worthwhile group interaction, with the aim of producing multiple ideas from a number of angles on a theme from as many 

participants as possible. Also, she or he came with additional questions or asked for possible clarifications if this was deemed 

necessary.  

Moreover, to enable the participants to elaborate on and problematise the theme at hand, the focus group sessions were held 

in the national language of the consortium partner. They were recorded, and each consortium partner was asked to upload their 

audio file to Unishare. However, due to technical problems, it was decided that each consortium partner should upload it to a 

secure location at their respective university. The interviews were transcribed verbatim and translated into English by a 

professional translator, and then sent to the Work Package 2 researcher group as a Word file in a template. The on-site 

consortium partner validated the translation into English. 

The interview data was subject to a qualitative analysis. First, each interview was read by the two primary researchers 

independently. By accounting for the interview guide themes, the interview data was subject to an initial and preliminary 

categorisation, where the words, themes and stories from the different interviews were compiled into a document. The 

categorisation was then discussed by the researchers. Second, based on this categorisation, the data was analysed more closely 

as a means to identifying commonalities and differences pertaining to challenges and enablers in quadruple helix co-creation. 

Based on this, a meta-categorisation was completed – where a set of new cross-cutting themes were singled out and discussed.  

One area of methodological consideration pertains to the translation of interview transcripts into English. National 

nomenclature, concepts and cultural and national idiosyncrasies are not easily translated into another language: for example, 

in some cases, cooperation, collaboration, and co-creation were used interchangeably, whereas in other instances an exact 

equivalent of a term was lacking in the national language of the consortium. Simply put, an analysis of the interviews 

demonstrated that there were instances when co-creation was discussed but the term was not used, and at other times, the term 

co-creation was used when the statement referred to a more loosely organised form of cooperation. For these reasons, the 

researchers scrutinised the translated transcripts to go beyond the conceptual usage and instead lay bare the meaning of these 

terms. 

A second area of consideration refers to the quadruple helix categorisation of focus group participants. The consortium partners 

indicated the participants a quadruple helix belonging – that is, as belonging to academia, government, industry or societal 

partners. In three cases the researchers detected ambiguity or unclearness in the categorisation and requested clarifications. In 

these cases, the ambiguity or unclearness stemmed from mistakes in the categorisation. 

A third area of consideration refers to the indicated composition of quadruple helix partners from each consortium university 

in the application, and the actual composition of quadruple helix partners of each consortium university that participated in 

the focus groups (Stier and Dobers, 2017). While we accepted this change in composition, it resulted in the following: The 

suggested composition as shown in the application in many cases mirrored ongoing and actual collaboration efforts, which 

could have provided an in-depth understanding of ongoing collaboration and co-creation efforts as groups. The actual 

composition as shown in the focus groups in many cases did not mirror ongoing collaborative efforts, which resulted more 

often than not in the fact that individuals met for the first time and could thus not reveal their experiences and the benefits at 

the group level, only at the individual level.  

Using the interview themes as the overall structure in the presentation accounts on quadruple helix collaboration and co-

creation are presented. As far as possible the intention has been to have a fair balance between accounts from the four quadruple 
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helix sectors – i.e. academia, civil society, industry and the government. Similarly, the goal has been to have an equal 

representation of material from each focus group interview conducted by the consortium partner. It should be noted that given 

its relatively loose structure, focus group interview by and large follows the natural flow of human interaction. Therefore, 

there are quotes that would fit under several interview themes and they have been placed where the discussion gains from it 

the most.  

For those interested in conducting focus groups, please also see the further readings and the end for the paper.  

3. Results and Recommendations 

Based on the results, discussions and conclusions from the focus group interviews (for details, please see Stier and Dobers, 

2017), a set of recommendations can be made when considering and working with quadruple helix collaboration and co-

creation in the field of SSH. 

• Allocate reasonable time, sufficient financial funds and adequate human resources  

Top management must commit itself to collaboration. It should be part of the organisation’s long-term planning, and ‘seed 

money’ and personnel should be set aside for the work that needs to be done. 

• Involve all stakeholders when defining the common area of concern from the outset 

To ensure commitment to the collaboration, all stakeholders should be engaged right from the initial phase of the project. 

Involving them in defining the common task at hand will decrease the likelihood of misunderstanding, convince them of the 

benefits, make them accepting of the investment needed, and help avoid divergent expectations and friction as the collaboration 

progresses.  

• Nurture stakeholder relationships 

Collaboration is never more solid than the relationships between the people involved. Therefore, interact frequently with your 

partners, be receptive to them and nurture your relationships with them. 

• Address differences in institutional logic, rationale, incentives and roles 

By sharing institutional logics, rationale, incentives, roles and financial matters, the parameters for collaboration become clear. 

By doing this, misunderstanding and/or conflicts are avoided. One way is to put the mission statements and policies of the 

organisations that are involved on the table and discuss the implications for collaboration. Another way is to clarify each 

other’s roles and views on professional integrity, and on the potential benefits and risks of collaboration, while giving credit 

to the individuals involved for their efforts.  

• Address differences in nomenclature, language and modes of communication 

Make differences (and similarities) in terminology, language and communication visible. This prevents communicative 

misunderstanding or breakdown. One way is to put examples of such differences on the table and let each stakeholder share 

his/her interpretation of the meaning and value of a given term or way of working. 

• Challenge one’s own and each other’s thinking 

Address and challenge mutual stereotypes as early as possible. Also, think beyond dichotomies – e.g. academics-non-

academics, industry-government – and work actively and systematically with attitude change by, for example, de-dramatising 

academia and counteracting perceived status differences. 

• Provide platforms and spaces for interaction  
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Establishing and maintaining strong relationships between stakeholders is essential for successful collaboration and, in turn, 

relationships are dependent on interaction. For this reason, work actively to create durable and accessible intermediate spaces 

for co-creation and innovation. 

• Make use of facilitators and translators, and intermediaries to optimise collaboration 

Many organisations have people with long and valuable experience of collaboration and co-creation. To optimise 

collaboration, these individuals can mediate between stakeholders. They can serve as translators when it comes to 

nomenclature and language, facilitate interaction and help stakeholders to navigate in what initially may be perceived as 

unknown territory. 

• Learn from good practice and research 

There are many examples of well-functioning collaboration and co-creation. Additionally, there is a growing body of research 

in this field. Let this knowledge infuse and enrich discussions on collaboration beyond anecdotes and rhetoric. Develop tools 

to learn from success stories and good-practice examples (i.e. models of systematic organisational learning) – so that they are 

transferable to planned or existing collaboration. 

• Address questions of impact, validation and valorisation from the outset 

With austerity, demands for efficiency and pressure for results in mind, address questions of evaluation and valorisation at the 

very initial planning phase. Discuss the foreseeable outcomes and impacts at the very outset of collaboration. Make sure they 

can be documented and assessed. The clearer and simpler the approaches to validation and valorisation are, the higher the level 

of credibility and legitimacy when it comes to the collaboration. 

• Make the case for SSH 

In many cases, other fields have a head start when it comes to impact-driven co-creation. Therefore, produce an arsenal of 

good-practice examples and arguments for the value and potential of SSH research without risk of being put in a defensive 

position. SSH is essential when it comes to addressing the so-called great challenges of our time. 

In closing, the focus group interviews provide rich material in terms of the experiences with and lessons learned from quadruple 

helix co-creation in general – and with regard to impact-driven research within the realms of SSH in particular. This 

notwithstanding, we call for more research on implications for co-creation stemming from differences between quadruple helix 

sectors, intra-academic differences, cross-national differences and cross-cultural differences when it comes to expanding 

knowledge on the conditions for, and potential outcomes of co-creation. This, however, remains a task for the future. Another 

future task is to produce a handbook on co-creation – with all quadruple helix actors as its targets group. This, we argue, is a 

more urgent matter. 

4. Discussion and Conclusions 

The focus group interviews provide a clear indication of the ambiguity of concepts such as cooperation, collaboration and co-

creation. This observation is consistent with the existing literature in the area and is, therefore, less surprising. More intriguing 

is the richness and ”density” of the reflection upon and accounts of practices related to these concepts – which the focus groups 

provide. 

One way or another, for the quadruple helix partners to achieve their goal, some level of collaboration must be an intrinsic if 

not necessary goal. Yet, the value and outcomes of collaboration and co-creation are seldom clear at the onset: they are diverse 

and viewed differently by the parties involved. Quadruple helix partners differ in culture, mentality and institutional logics, 

and, to some extent, views on research and knowledge are also mentioned. The same goes for their concern with aspects of 

rights and ethics – e.g. client, patient and customer rights, property rights and intellectual property.  
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The focus group participants from all quadruple helix sectors depict collaboration as being a reciprocal process firmly anchored 

in mutual relationships. In the relationships, the parties involved perceive and claim they are affected by differences in power, 

status, resources and motivation to collaborate. Thus, these relationships are the nexus of collaboration and are ultimately 

about giving and taking – with the common intent to achieve the slightly divergent goals of and foreseeable benefits for the 

parties involved. This said, the focus group participants argue that all parties must be involved in the initial phase of defining 

the common problem or concern. 

According to the focus group participants, co-creation too often remains a matter of rhetoric that aims at recognition, visibility 

and attractiveness rather than being an embedded organisational approach with focus on the attainment of tangible outcomes 

– e.g. knowledge development, research results, education and training, or policy alterations. In comparison with a great deal 

of other collaboration, the focus group participants therefore agree that more systematised and extensive co-creation pertains 

to a higher level of ambition and additional areas of consideration. However, such ambitions are many times held back by 

austerity, and ambiguous or contradictory messages from policy-makers and top management, a lack of long-term and robust 

strategies, a lack of competence, and a lack of individual motivation. A self-chosen academic seclusion, and what a bit 

provocatively can be referred to as scientific self-centredness, in SSH, compared to other disciplines, adds to this. 

All the quadruple helix partners point to the overall role of research – i.e. shedding light upon aspects to be explored or 

challenges to be met. Similarly, the need and value of SSH research is emphasised, and its value in co-creation is primarily 

seen as the expansion and refinement of existing knowledge. At the same time, the quadruple helix partners agree that it is 

harder to market and receive funding within the SSH field than in other fields, such as technology and medicine. Also, SSH 

researchers are often reluctant to convince – or are poor at convincing – representatives of other quadruple helix partners of 

the importance and necessity of their research, while universities do not prioritise the tasks of disseminating and clarifying the 

impact of SSH research. 

Based on what has been said in the focus groups, co-creation extends beyond collaboration – in other words, it moves from 

consultancy and monetary transactions to relational transactions. For this to happen, establishing a sense of trust, respect and 

mutuality as well as a minimal set of shared meanings is essential, in addition to the ambition of being involved in symmetrical 

relationships. Rather than solely seeking new contacts for collaboration, the academic partners emphasise using ongoing 

relationships to facilitate co-creation and impact-driven research. Such relationships take time to develop and must be nurtured. 

Linked to this is the realm of what kind of competence and skills future teachers and researchers at universities must attain in 

order to foster high-quality and highly relevant teaching and research. As such, some discussions in the focus groups were 

about how collaboration skills and activities should be given the same value and incentives when it comes to recruitment of 

academic staff or allocation of resources in research grants or basic funding for teaching as scientific skills and teaching 

currently are. This would also open up for intermediaries to move between quadruple helix partners and organisations in other 

sectors, the result being an increase in quality and relevance in terms of teaching and research as well as an increase in the 

number of translators who will serve to foster understanding between different sectors. 

Furthermore, different sectors as well as organisations and subdivisions of these adhere to different nomenclatures – that is, 

the same concepts may have different meanings, and the same meaning may be ascribed different concepts. The result of this, 

for instance, is that co-creation can be defined in different ways. At times, it is used interchangeably with the terms 

collaboration or cooperation, whereas at other times it is given a highly specific meaning. In addition to this, national contexts 

and language considerations result in co-creation being translated in different ways (which here also has constituted a 

methodological challenge).  

Moreover, communication is so much more than words. This means that the style, purpose and structure of and areas 

designated for communication vary. Discussion, debate and linguistic precision are key characteristics of academic 
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communication. In other sectors, indirectness, humbleness, or, for that matter, candidness, characterise verbal interchange. A 

full appreciation of these variations requires time and an open climate between the potential co-creators.  

The academic partners see several roles for themselves, one being to render credibility to the vision of being a collaborative 

or a co-creative university. Another is the responsibility of universities to promote change and achieve societal impact. 

Considering these responsibilities, intra-academic differences between institutions, subject areas and countries become 

evident. SSH researchers tend to be less accustomed with or more skeptical towards these matters than other disciplines, 

according to some focus group participants. There is a reluctance to advocate ideological roles or to accept responsibility to 

assist companies so as to maximise financial returns or to ensure regional and economic growth. It is also within this context 

that questions of academic freedom and integrity, and the meaning of impact-driven research and accountability to the 

individual tax payer move to the foreground of academic debate. 

Government partners are in place to prioritise the public interest and needs of citizens, be it to provide adequate health and 

welfare services, education or long-term competence provision. To fulfil these goals, SSH knowledge is both needed and 

requested. Time and human resources are, however, often scarce, which hinders further ambitions in terms of modes of co-

creation. Simply put, it is difficult for government stakeholders to allocate money and people to be involved in co-creation 

projects. Also, the ways in which government institutions are organised can pose a challenge – when it comes to access and 

transversal co-creation projects.  

Overall, societal partners have fewer resources at their disposal than do the other quadruple helix partners and they are less 

able to provide funding beyond in-kind contributions for co-creation projects. As idea-driven organisations, they are narrower 

in scope; at the same time, they have close community ties. The latter are crucial for co-creation projects, especially given the 

goal of increasing public engagement and the long-term prospect of encouraging open science and citizen science. For SSH, 

societal partners are focal target groups. 

When it comes to partners from the industry, there is a long tradition of collaboration and co-creation with universities and 

research institutes, be this, however, more in the fields of the medical, natural and technological sciences. Overall, in the 

industry the value of SSH research is frequently underestimated. This notwithstanding, there is an increasing openness towards 

SSH collaboration and a relative willingness to set aside resources for this purpose, at the same time as there are explicit 

expectations as to a monetary return on investments made. 

Stated as being an enabler in any quadruple helix sector is top management that has a favourable attitude towards allocating – 

and a willingness to allocate – resources (including ‘seed money’) for co-creation. By the same token, the availability of good 

experiences and competent brokers, facilitators and intermediaries – that is, people with good insight into the logics, language 

and obstacles:  finding ways of avoiding these is crucial. These can also provide success stories and ‘good practice’ examples, 

and have a key role to play in closing the distance between and introducing potential collaborators to one another; in providing 

arenas for dialogue when it comes to formulating joint projects; and in guiding the actors as they seek funding for such 

activities. Within academia, the focus group participants stress the availability of university research management supporting 

the faculty in collaboration activities. 

Other factors that can enable co-creation, as mentioned in the focus group, are that the parties involved possess mutual 

knowledge of one another (rather than unquestioned stereotypes), as well as their respective incentives, interests, needs, 

funding opportunities or other structural conditions circumscribing co-creation. The willingness to move beyond one’s comfort 

zone and adopt a mindset of risk-taking and pro-activeness at the same time as accepting responsibility are also crucial factors; 

as one person said: ”Do not ask for permission upfront, but inform afterwards”. Taking the other person’s perspective, 

flexibility and openness to alternative views and ways are additional factors for success. Seeking to get to know the interests, 

needs and incentives of the other actor are other essential areas of consideration. If co-creation is to be fruitful, the points 
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mentioned above, along with a sincere willingness to compromise and yet ensure professional and organisational integrity, are 

decisive enablers.  

When it comes to language and communication, a focal enabler is communication skills – to be receptive and able to listen, as 

well as to adjust communication, information and vocabulary depending on the target group, context and purpose of a given 

discussion and a genuine appreciation of quadruple helix variations. The development of these requires time and an open 

climate between the potential co-creators. Therefore, to the focus group participants a common conceptual and communicative 

community for collaboration is an enabler. Yet another enabler is the ability to identify joint goals and accommodate for 

differences. For this to happen, a platform for communication is an is needed.  

Such a platform narrows the gap – real or imagined – between the co-creation stakeholders. Hence, the focus group participants 

point to the necessity of greater proximity between researchers and end-users – i.e. patients, clients or an industry. Here events, 

networks or more permanent arenas are tools to accomplish such proximity. Providing and communicating the availability of 

organisational entry points – so that external stakeholders can gain access to organisations – is also an important enabler.  

It is also said that when collaboration is underway, scheduled checks (in the ACCOMPLISSH project referred to as ”turning 

points”) to monitor the work progress are useful. In addition to these, the aforementioned platform enables recurrent 

communication about upcoming problems or needs for modifications in work processes. This shared control of collaboration 

makes it easier to utilise the available freedom in the organisations involved. 

Moving on, the focus group participants see a lack of validation and valorisation models for co-creation and impact as a 

problem, particularly models suitable for the specific nature of SSH. To add to this, funding for this part of co-creation is often 

not given by funding agencies. Apart from these four sets of quadruple helix partners, the focus group participants point to the 

fact that two groups of actors are often overlooked, namely, citizens and funding organisations. 
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Abstract 

Moving toward the new model of circularity, the capability to interpret the stakeholder’s relevance is essential to generate 

enterprise added-value in the managerial perspective. The circular economy (CE) concept represents one of the last frontiers 

in the differentiation strategy of products. In particular, the first communication of the European Commission concerning 

circular economy, in support of sustainable growth, clearly states that; “circular economy systems keep the added value in 

products for as long as possible and eliminate waste” (European Commision 2015). 

The direction to which is moving the business model, in favour of a more circularity into the economy, implies the study of 

how the specific economic activities contributes or influences to the environment (Andersen 2006).  

This concept includes the analysis of specific elements to increase the capacity of the organizations to better understand the 

mechanism of the new model which needs the involvement and commitment of the Stakeholders  (European Commision 

2015). 

The definition of circular economy, based on reuse, remanufacturing or recycling, is not so recent (Lieder and Rashid 2015, 

Ruggieri, et al. 2016a). What is new essentially consists of the increasing attention devoted to it worldwide as a way to 

overcome the current throughput. production and consumption model based on the continuous growth and the in-creasing 

resource throughput (Ghisellini et al. 2016). In Europe, in particular, the perception of environ (Ruggieri, et al. 2016a) mental 

policies aimed to the reuse of products is perceived as increasing efficiency of the liner system and as a major cost (Schulte 

2013).  

The pursuit of the entrepreneurial leverage is the key to the problem, where concepts such as “circular” and “consumption” 

present common elements for both the welfare and the economic growth. If on one hand this fact can be considered a limitation, 

on the other it can be seen as a market-space for the product and service differentiation. Specifically the business and consumers 

are central to move towards a circular economy in a multi-stakeholder context (Ruggieri et al. 2016b). 

Should not forget that current managerial techniques already try to take into account the stakeholder salience (Viveros 2016) 

in identifying necessary resources and capabilities for the entrepreneurial scope. From a Managerial point of view, in addition 

to the different views regarding salience attributes (credibility, transparency ecc), key enabling factors such as harmonization 

of regulations, Industrial Symbiosis, Incentives and consumer behaviour provides an effective path to move toward a Circular 

Management model (Ruggieri et al. 2016a). 

A clear example in the US economy is represented by the “Benefit Corporations”, a new type of corporate entity resulting 

from the combination of the sustainability and social principles with the competitive advantage levers of differentiation 

(Everett 2013). But not everything of this model can be applied under the Circular concept. The common denominator between 

the two approaches is a fundamental question: how raising awareness and increasing capacity, in firms and organizations, to 

perceive the stakeholder’s relevance and how to turn them in effective levers to strength the competitiveness. In this sense the 
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whole Benefit Corporation System could be the cross-cutting key to stimulate the entrepreneurial mainspring into the new 

market models, as well as Circularity approach, constantly evolving (André 2015).   

 
 
Keywords: Circular economy, B-Corp, Sustainability, multi-stakeholder context  

Introduction  

Please insert your Introduction text here. The traditional levers of competitiveness which have lead company strategies by 

focusing only on the economic priorities, are moving now to a more comprehensive approach, including the wide sustainability 

field. Thus, environmental and social goals have to be integrated into the decision-making processes (Brandenburg et al. 2014).  

Along this line, the new business model, more socially inclusive, the capability to interpret the stakeholder’s relevance is 

essential to generate enterprise added-value. In agreement with the literature, the study as to how the specific economic 

activities contributes or influences the environment (Andersen 2006), includes the analysis of specific elements to increase the 

capacity of the organizations to better understand the mechanism of the new model which needs the involvement and 

commitment of the Stakeholders (European Commision 2015). 

Firms and organizations, in order to obtain a comprehensive understanding of new multiples objectives to be faced, are 

committed in the research of innovative combination of methods, where synergies of the different approaches are linked to 

each other. Consequently, new management schemes are formulated, to maintain the programmed day to day operations in a 

top performances resource management. These schemes are all pointing the attention to increase the multi-dimensional-

environment management in the light of an ‘overall’ resource efficiency perspective. 

The enlargement of the management systems scope in a multy-stake holder context does not have to affect the central role of 

consumer's which is the baseline of the added-value chain 

From an operational point of view, current managerial techniques already try to take into account the stakeholder salience 

(Viveros 2016) in identifying necessary resources and capabilities for the entrepreneurial scope. From a Managerial point of 

view, in addition to the different views regarding salience attributes (credibility, transparency ecc), key enabling factors such 

as harmonization of regulations, Industrial Symbiosis ,Incentives and consumer behavior provides an effective path to move 

toward a Circular Management model (Ruggieri et al. 2016a). 

In this sense  the new development paradigm proposed by Circular Economy, based on the idea of the reuse of waste as a 

resource, on the potentials of recycling activities (for the exploitation of the waste as raw and secondary materials), and the 

need to rethink the life-cycle of goods (Sakao et al. 2009, Iung and Levrat 2014), combines two different approaches to convey 

a change, using collaborative networks and support tools and a top-down model (Lieder and Rashid 2015).  

The European Community has a long-standing commitment towards sustainability, environmental, safety and health issues 

and has repeatedly attempted to convey, directly and indirectly, through its programs (European Commision 2015), the 

transition towards a new development model and able to start the competitive spiral of change. 

Along with this new approach to economy supported by top-down models, new voluntary systems to reconcile the need to do 

business by means of a more ethical and environmental concerned approaches, have been created. In the US economy system, 

the top down model involves c.d. Benefit corporations, profit oriented but also complying with more ethical values. These 

companies find their recognition in the B-Corp certifications, a voluntary system promoting business sensitivity towards 

environmental and customer satisfaction issues, involving all the actors of the process (workers, community, environment), 

also able to propose an alternative governance model (B-Corporations 2017).   
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The common denominator between the two approaches is a fundamental question: how raising awareness and increasing 

capacity, in firms and organizations, to perceive the stakeholder relevance and how to turn them in effective levers to strength 

the competitiveness 

The Circularity approach and the B-Corp works in the same direction but not everything about these models can be applied 

each other (Ruggieri et al. 2018).  

In the light of the above considerations, main objective of the present paper is to identify and discuss the potential of Circular 

economy and B-Corp certifications. In particular, a compared multiple analysis of three case studies is offered and the 

contribution of B-Corp certification is presented as a key factor in the implementation of structural change in business. 

The paper is structured as follows: section 2 provides some remarks on the research design and methodology, while section 3 

discusses theoretical contribution regarding the application of CE, section 4 provides a description of benefit corporation and 

the B-Corp certification, a multiple comparative analysis is realized on three certified B-Corp enterprises where the results are 

discussed. 

 

1. Methods 

The aim of this paper is to investigate how the B-Corp Certification System could contributes to increase the awareness by 

organizations of the relevance of the stakeholder’s commitment, in accordance with the circular economy principles, by 

considering the main US companies that adopted this approach. Specifically, some US companies that adopted, the B-Corp 

Certification System, contributing to draw a new model of development based on circular economy.  

The study proposes a multiple comparison between firms that adopt B Corp Certification using a thematic analysis (Guest et 

al 2012) in relation to company’s perceptions of the stakeholder’s relevance and key enabling factors to pursue them.  

The paper adopts a methodological approach to qualitative research based on the study protocol of a descriptive case defined 

by Yin (Yin 2009). It represents an exploratory study based on a documentary analysis (Silverman 2008, 2011). For this study, 

the documents and information released by the B Corp certification system and related links have been taken into account, 

including the documentation published on the enterprises considered .The official annual reports and the direct exploration of 

the offered services, the presence and activity on social media, have allowed us to identify the formal referenced properties 

that have consequently led to the identification the contribution of stakeholder.  

The enterprises have been selected through the b-corporation platform, choosing as a reference industry for analysis "recycling 

service & waste management". The research system has identified 10 enterprises working at an international level in this field. 

Companies that do not have an international profile have been excluded, having no documentation and / or an institutional 

website in English. The companies selected for the following multiple comparative analysis are: “All Green Recycling Inc.”, 

“Surplus Service”, “Bolder Industries” and “Homeboy Recycling”. 

The documents and information released by the B Corp certification system and related links have been taken into account in 

this study, including the documentation produced by the same companies. Official annual reports and the direct exploration, 

along with and offered services, have allowed to assess all business implications and the limitations in their progress towards 

the adoption of a circular economy approach. Previous studies and personal experiences complete our analysis (Ruggieri et al. 

2016b, Ruggieri et al. 2016, Poponi et al. 2017, Ruggieri et al. 2018). 

The results will represent the starting point for deeper investigations, which would allow to define the association between the 

between the implementation of a management system based on the B-Corp standard and the role of the stakeholders in the 

application of the circular economy. 
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2. Circular Economy  

Please insert your Results and Discussion text here. Text alignment is formatted as justified. Tables, like Table 1, should have 

The awareness of the different stakeholder categories with regard to the volatility and uncertainty as well as the availability of 

the natural resources, are the key pressure points which pushed the adoption of the circularity concept to be an opportunity for 

the evolution of the business model and also to go beyond the “sustainability” vision. 

The base line of this concept is the economic loop mechanism, in which waste becomes the raw materials of the future. It 

consists in important pillars including Industrial symbiosis and ecology, regenerative design, performance economy and 

creadle to creadle subject 

The entail of their systematic adoption into the business processes is to enable the switch from cd brown economy, based on 

the exploitation of resources and the economic capital, and the introduction of the tenets of sustainable development 

(Brundtland, 1987) where the linear approach is pushed by a high consumption of resources, and short life cycle of products, 

to the introduction of new models  that promote recovery / recycling, discourage landfilling, and based on new levers for 

growth. 

Circular economy enables, in fact, the development of a brand new paradigm, where the concept of linear economy (from raw 

material to waste (Zengwei et al. 2006) is overcome by the new model of circular economy (Mathews 2011, Geng et al. 2012). 

The  Report Towards the Circular Economy has defined circular economy as “an industrial system that is restorative or 

regenerative by intention and design” (Ellen Macarthur Foundation 2014), introducing the necessity to reduce the amount of 

natural and energy resources used in the creation of a product or service, and, at the same time, increase the possibilities of the 

same resources being reused at the end of a product life cycle. 

 

Furthermore, different key factors arises as enablers and transition facilitators within this context. In accordance with the recent 

literature (Ruggieri et al. 2016a) we are going to consider in depth main key factors which enable the CE process, as follows: 

(1) Product redesign, (2) Process redesign, (3) Business model innovation, (4) Waste reduction or reuse, (5) Regulation, (6) 

Potential cooperation, (7) Fiscal and financial stimuli, (8) Consumer behavior.  

The adoption of new design patterns, considering the factor Product redesign (1), allows "short -term" recycling processes, 

while the combination of products and services will result in the development of new opportunities for the creation of added 

value. Several authors (Clark et al. 2009, Behrisch et al. 2011, Pigosso et al. 2016) focus on the need to intervene in the project 

of a product, redesigning the use of the product through PSS approach, or developing new product concepts using the Eco-

design (Clark et al. 2009, Pigosso et al. 2016).  

Process redesign (2) can be an inventive and iterative process where new ideas on how to meet needs are converted to products 

and services (Clark et al. 2009). Nevertheless the production processes must address the problem of waste and energy 

consumption reduction, of the environmental impact, and the shift to renewable energy sources (Brax 2005). From this point 

of view, a valuable contribution can also be obtained from the integration of specific levels of service in the design and 

development of products and services in compliance with the logic of the product service system (Beuren et al. 2013). 

According to this perspective, companies put on the market a product/service mix aimed at meeting a specific customer need, 

whilst safeguarding the sustainability of production and product / service supply (Cook et al. 2006). Following this approach, 

the concepts of products that can be disassembled, and whose components can be separated and reconfigured are crucial along 

with an approach to servitization and dematerialization of products and services. 

Business model innovation (3) can be extended to a system level rather than just to individual companies and can help to 

generate huge savings and economic benefits for the entire community. For Schulte (Schulte 2013). The new business models 

are consistent with the circular economy and create an advantage for the economy and the environment, in particular 
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“…Business model are a part of transition toward circular economy…..they must be developed to support the transition” 

(Scheepens et al. 2015). "Adopting more circular business models would bring significant benefits, including improved 

innovation across the economy" (Ellen Macarthur Foundation, 2014), not delivered by conventional linear chains (Scheel 

2016).  

Waste Reduction or reuse(4) generates obvious advantages connected with the lower utilization of raw materials, the reuse, 

the production of goods with longer life cycles, and reuse and recycling of materials and components (Baines et al. 2007, Zhao 

et al. 2012), or also activating a second cycle life, regenerating the functionality of the product. Furthermore, by placing waste 

reduction and reuse at the top of the hierarchy, management strategies that prioritize conserving embedded energy and 

materials are shown to be favored (Park and Chertow 2014a).  

Seviné-Itoiz et al., (Sevigné-Itoiz et al. 2014)  highlights, for the achievement of the CE, the importance of a systemic change 

in the use and recovery of re-sources, and the adoption of different strategies to adapt the sector to different flows of materials 

(Matus et al. 2012) and quality, including the activities into account import and export. “Additional value can be generated 

through recycling and reuse of materials and products” R&D support the efficiency of materials (Winkler 2011).   

About Regulation (5), Riding et al. ((Riding et al. 2015) emphasize the inadequacy of this factor, seen as a barrier and often 

inadequate to support the change, at the same way “laxity of enforcement of environmental regulations” (Matus et al. 2012). 

At the same time it is necessary to adopt a holistic view of waste, and the need to apply appropriate regulation (Park and 

Chertow 2014b)…“The prior method on pushing circular economy development is to execute compulsory regulation” (Xue 

et al. 2010). 

A different regulation at European level generates an uncertainty, also financial, for landfill operators (Scharff 2014). 

The Potential Cooperation (6) is the basis for the successful strategies of circular economy (Zhu et al. 2010, Ying and Li-jun 

2012), or activate symbiosis industrial (Yang and Feng 2008, Jiao and Boons 2014, Wen and Meng 2014a, Kuznetsova et al. 

2015, Yu et al. 2015). Nevertheless, industrial symbiosis requires organizations to change their functions and increase 

competitiveness in a perspective of global integration, with respect to social, environmental and economic characteristics. 

Many authors(Cohen 1996, Adamides and Yannis 2009, Bain et al. 2010, Wen and Meng 2014b, Yu et al. 2014) focuses our 

studies on the factors that affect the performance of productive contexts, facilitating the adoption of a radical change in the 

traditional industrial paradigm.  

Another factor enabling circular economy is consumer behavior (7). It is necessary to stimulate a change in consumption 

habits, which must be led by a general change in consumer and producer culture. (Zhilei & Wei, 2011;Mont & Tukker, 2006), 

but the consumer’s awareness of the circular economy might not directly translate into willingness to pay for cleaner products 

(Liu and Bai 2014). For a real contribution to the circularity of the materials included in products/services, we need a different 

approach to their design; for products this would include a consideration of their recycling or re-use potential at the design 

stage (Mont and Tukker 2006, Beuren et al. 2013), while for services this would entail providing them through a mix of 

interrelated elements that can be easily disassembled and re-assembled in new forms to supply new and innovative services 

(Leimeister and Glauner 2008). 

3. Benefit corporation 

The dissemination of circular economy supposes the adoption of business models aimed to stimulate policymaking to support 

business development and new innovative business management, which will eventually enable environmental sustainability 

oriented behaviors (Schulte 2013), a more efficient use of resources, the respect of ethical, social and environmental values. 

Benefit Corporations are companies pursuing these objectives with the twofold aim to reconcile business performances 

(economic and financial) with ethics. In these new business models the idea of social responsibility as a form of self-regulation 

is strengthened (Wilburn and Wilburn 2014, B-Corporations 2017). Through a voluntary certification scheme, these companies 
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aim, in fact, to rebalance their mission and business activities-affirming principles of social responsibility, so simultaneously 

getting both their profit and non-profit objectives.  

This approach finds its full application in the management system within a new B-Corp certification frame, procured by B 

Lab, a non-profit entity conceived with the purpose to promote the inception of the Certified B Corps, support the creation of 

a community of companies interested in promoting social and environmental concerns, encourage the development of an 

adequate legal framework of for benefit business, and conceive an innovative evaluation standard, the GIIRS (Global Impact 

Investing Rating System). By means of indicators this standard measure the impact of benefit companies and the orientation 

towards value creation, using in its pre-certification stage, a tool of self-evaluation aimed to assess both social and 

environmental-related performances.  

This framework considers several areas: governance, workers, community, environment, customer and assesses the impact 

evaluation the Impact Business Models and Metrics. 

The indicators system aims to clearly identify, through the “Governance” of the impact area the mission and traceability of 

environmental and social performances, the responsibility, the monitoring and involvement of the stakeholders. A code of 

conduct associated with financial internal controls aimed at preventing and managing complaints or corruption and transparent 

funding, and also the communication with clients and workers is also provided. 

The area “Worker” considers the equity of the performances and refers in particular to the adequacy of salaries and possible 

career progression within the company. 

Key factors are the workers’ skills and the company’s ability to keep a high formation level of its staff, so ensuring the 

transferability of competences/knowledge, and the identification of the degree of participation of the workers. This latter aspect 

is also evaluated within the internal business decisional process. Moreover, to it are also associated other aspects such as 

sustainable working conditions, compatible with their life-style, and the respect of the values of working life and of work 

conditions in general. It also considers the workers’ degree of trust in the company and its managers, and the system of 

harmonized guarantees for the worker in case of occupational diseases. 

In the “Community” Area are included all the stakeholder. It refers to the principle of integration of suppliers (central in the 

general approach to quality), and the constant monitoring of the satisfaction of expectations and the involvement of the local 

community. 

The presence of codes of conduct aimed to ensure the safety of workers and of the working environment, and also the respect 

and support of the development of local economies is considered. The promotion of social wellbeing within the company, by 

the means of inclusion policies and social engagement, so that societal values are tailored to meet social needs, and the practices 

which could be transferred and promoted outside the company, also include services to the community, donations and charity 

activities. Such an area aims at monitoring how the company products are designed to meet social needs. The standard in this 

case also considers other aspects related to the access to basic services, such as health, education or equal opportunities, the 

arts and the increase of capitals invested in such activities. 

The extension of the corporate policies to the “environment”, and also the commitment towards the enhancement of its 

environmental performances, represent a priority within the Environment Area. Two factors are considered here: in input (i.e. 

power, water and raw materials) with a need of constant and continuous assessment of the reduction of impact and 

consumption; in output, to consider the effects produced by emissions and the different types of waste produced, transportation 

and distribution. Also, in this case such factors need constant monitoring aimed to improve the environmental-related 

performances (pursued by the many and schemes which are present in the system of certifications, e.g. ISO 14000; EMS, BSi 

8001) considering the efforts to reduce the impact on the environment. At a more general level it considers the policies and all 

the actions aimed to produce a positive effect on the reduction of the impact. In particular they consider the way products and 

services are designed to solve an environment-related issue, pushing towards renewability and conservation, reduction of waste 
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and the promotion of the preservation of nature. They also consider aspects related to the environmental culture, and more 

precisely to promote environmental education. 

Through the area “Customer”, the certification aims to assess the impact that policies adopted, and actions taken by the 

company, have on their customers. In particular, in this section the company looks in more depth at the relationship with its 

community, evaluating the relations with suppliers, diversity and their involvement in the local community.  

Finally, the ability to promote public benefit through the selling of their products or by means of a social services provision or 

if these products are designed to solve social problems. 

4. Results and Discussion 

The compared multiple analysis was conducted on four companies certified according to the standard B-Copr, which have an 

international profile and are traceable to the sector “Recycling services & Waste Management”. The sector itself is inclined to 

work under Circularity concept. Thus, the research units have been chosen herein so that to observe in depth the running of 

the elements of interdependence among the Key factors to activate the Circular process. This kind of analysis will allow to 

consider different kinds of inter-organizational cooperation activities put in place by the companies into the multi-stakeholder 

context. The data were provided by the study of the units of analysis, and based on the observation of secondary data, 

documents issued by the certifying body (annual reports), on the documentation available to companies.  

The first analysis unit is the “All Green Recycling Inc”. it is a company which works in the field of the recovery of precious 

materials and metals coming from E-Waste. Specifically, it works in strategic sectors as well the military and healthcare sector 

I which is essential to ensure the safe disposal of wastes also in terms of secrecy of information (eg. Military Hard disk).  

The company's governance has a strong attitude to face the problem of sustainability. Specifically, it focuses its activities in 

the definition of certified, and customized solutions. The analysis of the different specific activities, draw attention to the need 

to become a reference point within this industry, creating a national footprint to serve the recycling industry. A strong internal 

policy integrates the secrecy of information inside, as well the definition of tighter control systems oversees the activities.  

Among the strategic activities within the social scope, a foundation promotes, at a corporate level, the education and training 

of disadvantaged people, and unemployed, headed to a specific community that benefits from it. In fact, it provides training 

and employment opportunities to challenged workers and a system certified about woman-owned and woman-controlled 

business.  

The second unit is the company "Surplus Service" which operates in the recycling and reuse of technological products. It offers 

specific solutions for the disposal and conversion of IT products. Whilst focused on recycling activities, the company’s 

governance includes management of processes heavily oriented on re-using the product with the clear objective to break down 

or postpone the substitutability of discarded goods. Thus, from an environmental point of view, there is a strong attention to 

the different components of the supply chain by introducing a Sustainable Procurement Program, measures for energy 

reduction, gallons of water, and CO2. 

In-kind donations and pro-bono services are provided with the precise scope to support training programs oriented to a targeted 

community. Specific activities are put in place to strengthen the raising awareness of the consumers in regard to sustainability 

issues, including events to promote domestic recycling. 

The third unit is a company specializing in tire reuse, the "Bolder Industries". The core competence developed consists of a 

sustainable alternative technology to carbon black (Bolder Black) that performs a significant increase of the environmental 

performance. The system allows to give specific attention to all aspects of the activities, of the entire process, in terms of 

reduction of water needed which has the effect of the CO2reduction.  Supported by production standards and by obtaining 

environmental awards (eg. Best B-corp for the environment in 2017), the company has a high level of specialization in the 

field, which is stimulated by the need for the integration of qualified human-capital in the manufacturing processes.  The 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

957



activity of the community (or social participation) is not absolutely evident from the analysis but is adequately demonstrated 

the company is active in the diffusion / promotion of sustainability education and reduction of the environmental impact. 

The fourth unit, Homeboy Recycling, manages E-Waste's recovery activities (e.g. electronics, Televisions, Monitors, Audio 

Equipment, etc.) combining environmental sustainability with a social mission to re-employ people with criminal records.  

The specific nature of its activities puts the company business into the Health and safety policy class.  The community is 

stimulated also involving them in a wide range of dissemination activities of the results by the means of press, social media 

and public events.  Positive information is provided by the company as to how, in average, "for every 75,000 lbs of electronic 

equipment collected, it becomes economically viable creation of new jobs. In this way the participation of the whole 

community is stimulated to a greater awareness of the importance of recycling and the possibility of generating new kind of 

value for the whole community. 

 

 

Table 1. Factor affecting circular for each observed unit. 

Key factors Unit 1 Unit 2 Unit 3 Unit 4 

Product redesign   Increase in the 
performance of the 

new product 

 

Process redesign A customized waste 
collection and 

management process for 
the customer 

A business model 
that focuses on 

reusing depleted 
electronics in the 
secondary market 

 Selection of 
products based on 
the level of data 

security contained 
in the E-Waste 

Business model 
innovation 

 Standard of 
certification to 

control and 
manage the process 

 Business focused 
on diverted waste 
reuse: repair and 

renovation of 
recycled devices   

Organizational 
innovation 

Use of company 
certification standards 

Focus on reuse, 
and recycling 

Awards and Use of 
company 

certification 
standards 

Awards and Use 
of company 
certification 
standards 

Waste Reduction or 
reuse 

N/A  Recycling of 
exhausted tires 
meditating a 

pelletizing process 
that reaches 100% 
of the reuse of the 

waste product 

N/A 

Regulation High level e customized 
services to overcome the 

responsibilities about 
sensitive data.  

There are few 
regulations, 

ordinances or 
incentives around 

reuse. The 
enterprises foster 

this changing 

N/A N/A 

Inter organizational 
symbiosis 

The firm customizes 
solutions for customer 

Greater awareness 
about the risks of 

an improper 
destruction or 
disposal of e-

waste. 

Palletizing allows 
easy re-use of the 

product. 

Need to have 
many customers 

Toll collection 

N/A 
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constraint equal to 
1,000 miles. 

Consumer behaviour High service of customer 
satisfaction  

N/A N/A Stimuli by 
combining 

recycling for work 

Financial Stimuli and 
Fiscal Stimuli 

N/A N/A The enterprise 
attracted 

individual angel 
investors and 
institutional 

funding 

N/A 

Circularity SOCIAL RECYCLING 
ECONOMY 

The activity is oriented 
to sustainability and 

recycle  

REGENERATIVE 
ECONOMY 

The enterprise 
changes the way to 

manage waste, 
fostering the reuse 
with re-generation 

of product in 
secondary market 

REGENERATIVE 
ECONOMY 

High exploitation 
of waste 

High innovation 

Many reference 
markets (e.g. from 

belts, pipes, 
building materials 
to clothing, etc.) 

SOCIAL 
RECYCLING 
ECONOMY 

The activity is 
oriented to 

recycle and to 
social welfare (re 

Total score for B Corp 111 145 118 95 

                Source: Our elaboration 

Starting from the B Corp certification areas, the table 1 emphasize the way in which the standard allows the key factors to 

activate the circular economy for the four cases.  

From the analysis of the table 1, two scenarios describe the circular approach of companies in which arises the different role 

of stakeholders for the activation of this new mechanism. 

The First one is made up of companies represented in the table by the Unit 1 and 4. It explains a context oriented to the 

sustainability, and recycle, in which the social factor is preeminent.  

This scenario is well defined as a "Social recycling Economy"; on the overall it is a context in which the enterprises have the 

ability to stimulate circular mechanisms without using an "High waste exploitation", considering their entrepreneurial aim to 

recycling.  The social aspect can be activated through mechanisms of involvement of primary stakeholders, using investments 

in skills and technology.  

Under the unit observed (1 and 4) the opportunity to create green and social jobs is stimulated and strengthen by the presence 

of a foundation and with the commitment of a community also providing systematic activities in recovering people with a 

criminal history. 

In this scenario the customization of services enables the exchange of product-waste and to overcome the bureaucratic limits 

that derives from compliance with strict privacy laws for the management of sensitive data in E-Waste.  

The second scenario can be defined as "Regenerative economy", that is oriented towards the virtuous models of circular 

economy. It appears to be a new way to manage the diverted waste or introducing new solutions for use. In the second unit the 

re-generation of the product reaches 85% for a reallocation in the secondary markets. 

In the third unit, the "High waste exploitation" (in this case of the tire) makes it possible to recover the entire waste (100%) 

and reinsert it in many reference markets thanks to the high degree of process innovation and specialization of the human 

resources.  
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Furthermore, observing the total score, assigned to obtain the certification, we confirm the hypothesis formulated in a previous 

work (Ruggieri et al. 2018), where this value contributes to explain the effectiveness of the B-Corp certification, and their 

tendency to apply the principles of the circular economy when the certification score grows. 

This study does not take into consideration quantitative data concerning the exchange of resources, recycled waste or the level 

of symbiosis, but generally contributes to enrich the literature about circular economy in a multi-stakeholder context.  

Several considerations can be pointed out in regard to the impact for policymakers on the evolution of the regulatory aspect.  

As well known in literature the need to take action continuously on the specific legislation on one hand, and to develop the 

management instruments to the other, provides the basis to move to the: "industrial symbiosis", especially in the field of the 

"special" waste.  

Whilst our analysis has exposed the ability of the companies to overcome the limits of legislation with respect to the 

management of data responsibilities, we recognize that a greater opening in interpreting the needs of organizations and 

operators, by the institutions will foster circular paths to which companies need to move. 

In addition, the need to activate industrial symbols is an implication of no little significance. Specifically we have seen how 

the distance (unit 3) or the achievement of a waste threshold (unit 4) can be the opportunity to trigger a mechanism for the 

creation of new green jobs: the inclusion of micro eco-industrial park could solve incentives for finding resources, a coherence 

of the associated regulatory framework at the birth of new symbiosis, and could activate a stable cooperation between 

organizers and prosumer.  

The exploratory nature of the work and the documentary analysis carried out can represent the main limitations of this work 

but may propose several reflections to conduct studies on the subject of analytical models that consider our scenarios. 
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Abstract 

News manipulation is now a much-discussed reality of 21st century media ethics. Daniel Khaneman has identified that people 

have a tendency to respond to complex issues in a problematic manner – often making use of instincts (System 1 or S1) in 

knee jerk responses when a more rational (Systems 2 or S2) approach might be more appropriate. Simply put, human beings 

have a flawed process for problem structuring. In research carried out over 2015 and 2016 with people engaged in and 

concerned with climate change, a series of interviews were undertaken concerning public attitudes to fear as a major force in 

the climate change debate. The results have paved the way to describing a process – the ‘paradigm of fear’, whereby fear can 

be weaponised in order to promote knee jerk responses to complex issues. The results of the research were published in a book 

(the Formations of Terror) and a comic (Project Fear) but lasting questions remain to be addressed: Is fear weaponised by 

lobbyists in order to promote public response? If fear is weaponised to prompt populations to change, is such action ethical 

and responsible? Do climate change activists have a responsibility to orientate arguments to the rational and reflective rather 

than the instinctive and automatic? Describing the formations of terror as a device for fear management, this paper explores 

the ways in which fear can and is used by all sides in the climate change debate and raises questions about the ethics of social 

manipulation for even the best of causes. 

 

Keywords: Fear, Project, Community, Climate  

(Much of this paper is drawn from and builds upon an earlier book. The fuller version of this paper is to be found in: Bell, S. 

2017. Formations of Terror. Cambridge Scholars. Newcastle upon Tyne.)  

1. Introduction  

This paper is the result of a thought experiment which resulted in a book. The core concern was fear and the its manipulation. 

Fearful headlines abound. Typing into Google: “examples of newspaper headlines which mention climate change’ produced 

quite a few. Here is a very small sample:  

Earth hotter now and getting hotter 

There is no planet B 

Arctic ocean getting warmer; seals vanish and icebergs melt 

It’s Scary, really scary! 

We’re Screwed 

Fear has always been with us and it has been used in all kinds of way. The concept fear as we understand it today has its origins 

in Greek mythology. Phobetor or Fear, the son of Hypnos (sleep) and brother of Morpheus (shape) and Phantasos (phantasy). 

These gods combined in sleep and dream to provide human beings with insights and also with terrors. This is an important 

point. Fear is often a function of an unconscious response. Notions of fear linked to shifting shape and phantasy remain as 

sustaining attributes of fear. To start looking at fear, as we experience it today, is to look at the ways in which fear is expressed 

at this time and in this place, in the case explored in this paper, the European culture of the early twenty first century. This 

embeds our experience of fear in a cultural context, a cultural experience of fear. Barry Glassner looked at the cultural 

phenomena of fear (Glassner 2010) in his extensively researched book The Culture of Fear. This book provides evidence of 

fear and (in the tenth anniversary edition) claims to have been responsible for placing the term ‘culture of fear’ in the national 
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lexicon of the USA, (the subtitle of the book rather gives this away ‘Why Americans are afraid of the wrong things’.) Glassner 

looks at fear in all kinds of places and conditions, from transport to crime, from the young to illness, from ethnicity to drug 

use, from terrorism to the media. And it is the media where, maybe, he finds the core of the issue, the selection, promotion and 

reporting of that which is to be feared. Glassner reports that a great deal of the fear that is reported is bogus:  

“We waste tens of billions of dollars and person-hours every year on largely mythical hazards like road rage, on prison cells 

occupied by people who pose little or no danger to others, on programs designed to protect young people from dangers that 

few of them ever face, on compensation for victims of metaphorical illnesses, and on technology to make airline travel - which 

is already safer than other means of transportation - safer still.” (Glassner 2010 page 341). 

In this argument fear is promoted and extended by interest groups in order to achieve highly specific ends.  

“The success of a scare depends not only on how well it is expressed but also, as I have tried to suggest, on how well it 

expresses deeper cultural anxieties” (ibid page 348.) 

Glassner and others (e.g. Furedi, Gardner and Bourke) identify how people are worked on by fear in a manner corresponding 

to what Daniel Khaneman (Khaneman 2011) refers to as Systems 1 (or S1) – an instinctive response. Fear literally gets into 

us, creates knee jerk responses and triggers a series of outcomes sometimes in a domino effect. The fact that fear can be 

induced by headlines and prominent contributions to social media means that it is possible to conclude that fear could to some 

extent be applied deliberately and strategically. More thoughtful and rational (Khaneman’s System 2 or S2) responses might 

provide respite from an S1 fear response but this is yet to be explored in a definitive and conclusive manner. Anyway, how 

does a rational response emerge if the subject is already fearful?  

In my research I have explored the prevalence of fear in climate change discourse and, with a limited sample, asked some 

questions about contemporary responses to fear of climate change.  

My questions were: 

1. Specifically regarding climate and environmental issues, are you aware of fear among those you meet in your work?  

2. If so, what is the main cause of fear in the current environmental debate?  

3. Do you think policy makers and populations more generally should be fearful?  

4. Is there a problem with the way in which news in the environmental debate is broadcast to the general public?   

5. Can a response of fear be useful with regard to complex problems? 

With ‘Project Fear’ now an openly discoursed cultural artefact, the deliberative application of fear in public discourse leads to 

further questions. The responses to the five questions set out above may provide a basis for a more pointed analysis and an 

engagement with further strategic questions: 

• Is fear weaponised by lobbyists in order to promote public response?  

• If fear is weaponised to prompt populations to change, is such action ethical and responsible?  

• Do climate change activists have a responsibility to orientate arguments to the rational and reflective rather than the 

instinctive and automatic?  

2. Methods 

This research arose from a thought experiment, in a sense it is an accidental outcome of a serendipitous sample which emerged 

from conversations with ‘climate issues aware’ people who have come to talk to me or (more generally) been contacted by me 

because I came across their names, they were suggested to me by others or because I happened to know them from my work 

in the field and thought that they might be able to provide me with insights. In some cases, they are people I ‘met upon the 

way’ as my questions advanced and my research pursued. This serendipitous ‘transect walk’ through the population began on 
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the 11th March 2015 and ended on the 8th December 2015. I communicated with people in the UK, Australia, USA and several 

countries in Europe including Sweden and Portugal. Many of those who I spoke to were members of the ISDRS. I must 

reiterate that this is not a scientifically assembled representative sample in any way. In all cases the voices are those of people 

who are interested in climate change as an issue and have thoughts on the matter. I wanted my ‘sample’ to be informed and 

interested, I also wanted them to be engaging and interesting. In every case the people represented here have answered most 

if not all the five questions. In around 25% of the cases I recorded the responses to the questions as an interview, the remaining 

75% responded by email so I only have their written word. There are 43 responses in all. The breakdown of the respondents 

is shown in the Pie chart set out in Figure 1. 

The breakdown of the respondents to my questions by interview or questionnaire indicates that well over half of those I 

contacted were academics interested in or directly working with the issue of climate change.  

I was fortunate to meet and talk to many fascinating stakeholders in the climate change/ climate fear debate. Those who 

responded to my request range from climate and environmental scientists, politicians, policy advisors, technologists, activists 

and to those involved with the care of people either in terms of their psychology or religious needs.  

The responses to my questions were qualitatively assessed but the ‘Big’ question was question 1: “Specifically regarding 

climate and environmental issues, are you aware of fear among those you meet in your work?” Figure 2 shows the response 

to this question. 

 

Figure 1. Occupational breakdown of the respondents to my questions’ 
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Figure 2. Response to Question 1: ‘are you aware of fear?’ 

83% of my sample were either sure or at least had a 50/50 view that fear relating to climate change is experienced in the people 

with whom they work and/ or interact. 

The summative, qualitative observations for each question are set out in the next section.  

3. Results and Discussion 

I set out each question here and my summative assessment of the responses gathered. The full responses to each question are 

set out in the book noted at the beginning of this paper.  

1. Specifically regarding climate and environmental issues, are you aware of fear among those you meet in your work?  

As already noted above, overwhelmingly the response was ‘yes’ but two observations can be made regarding responses to this 

question. Early on in my interviewing I received a gentle ticking off from a notable expert in climate change. He chided me 

for the simplicity of my questions (allowing major leeway for variable interpretation on the part of those answering) and the 

commensurate danger of reducing the messiness and complexity of climate change to what might emerge as glib observations. 

Fair enough. My questions may be simplistic, even naïve. But, my key concern was to gain responses to provocative but brief 

questions. I did not want to muddy the water too much at the outset with complexity, to  assume too much prior knowledge of 

my respondents or, alternatively assume climate change ignorance and therefore provide a copious back story. Brevity at the 

risk of simplicity seemed like my best strategy.  The second point I would like to make links to the observation that fear can 

lead to states of denial and/ or being inured to the effects of fear. For example, an academic response to subjective questions 

about fear can be one that allows the object of terror to be set to one side, projected onto a neutral and intellectual space and 

correspondingly seen as effectively belonging to someone else. But, I wanted responses to questions about fear to be personally 

and even subjectively interpreted.  In asking these questions I wanted, in so far as it was possible to elicit this personal response.   

Taking these points into account, a respondent to question one noted that fear could be used in order to encourage an outcome. 

Fear could be a lever.  This point seems to be a very prevalent concept in Frank Furedi’s work (Furedi 2006a and b) as well 

as other authors going back to Mike Davis’s ‘Ecology of Fear’ (1999). Fear used as a means to induce an outcome. Davis’s 

notion of an ecology links in well with the need to understand the territory of fear which came out of the ideas of George 

Marshall (2014) and this in turn links to ideas of a continuum of fear. In systemic terms if there is a territory of fear then there 
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is a boundary. Also, territory implies different viewpoints or worldviews about what the territory is. In one sense we are all 

constantly imposing our own personal views of what a territory is onto the social and physical landscape. A boundary is rarely 

as fixed as a coastline or a cliff edge. More generally the boundary is ascribed by an individual or social agency (for example 

an intellectual might suggest the boundary or limits of an idea whereas governments would agree the boundary or limits of a 

nation). Territory often means dispute with regard to the nature and place of boundary. Another continuum writ large was 

contained in another response. In this case the respondent’s concerns related to the fear consequences of global challenges to 

individual existence and threats to it that emerge in the overwhelming forces of the social reactions to the fear and experience 

of climate change. At the current time, and since early 2016, in the midst of a refugee crisis in Europe (somewhat forgotten in 

some circles), the flood of refugees might prove to be a major social phenomenon of these times as a variety of crises begin to 

affect much of the industrialised world from Australia to the USA. First world fear or complacency and the resulting mind-

sets of  “go away” or: “not my problem” underlined by another of my respondents seems to me to be potentially potent elements 

for any kind of counter-fear project to be aware of. Finally, and deep down despite all this labelling and grounding of fear 

consequence there remains the underlying namelessness of much that we fear and maybe a sense that this also relates to our 

personal responsibility to ourselves and to our world. 

2. The second question:If so, what is the main cause of fear in the current environmental debate?  

With Question 2, as with all the responses to all five questions, there were a multiplicity of perspectives and assumptions 

operating in the responses. Here I try to draw out some of the major threads.  

Some of those questioned noted a reductive tendency in science and scholarship and equated this to an issue with fear. 

Reductionism can be fear inducing because a reductionist approach applied when assessing complexity can lead to fragmented 

observations and a sense of bricolage and confusion with no central ‘point’ to hold the desperate elements of crisis together. 

To fragment and reduce in order to understand may not serve well as an aid to comprehension of complexity and may even 

add to the sense of overwhelming impenetrability and consequently fear. The more one tries to keep linked and related means 

of understanding separate the scarier things can appear. There is a sense that climate change scientists see themselves as 

winning the argument but still losing in the long run. The causes of fear and the demands of global society are just too 

numerous. The braided plait of control, reductionism and gratification via consumerism can mean that there is confusion over 

messages and uncertain consequences. Perhaps the greatest fear alluded to is existential projections of individual and 

civilizational fear – what can be referred to as individual and collective ‘immortality projects’. But these projections are too 

vague, too distant, too poorly represented to the mindset which insists that we need to ‘do something now’. .  

This all begs the question ‘who is in charge?’ Among many of my respondents there appeared to be a discernment that the 

world is in great peril but no one is in charge, or those in charge are risk loving and reckless and don’t give a damn. What do 

the policy makers and strategists make of fear? Is there fear at the highest levels or is this just an outcome reaction to tabloid 

scare stories? On the other hand, are our policy makers complacent, as much of society appears to be?  

The summary of responses to Question 2 can be set out in a structured systems diagram, in this case I have attempted an 

influence diagram (see Figure 3).  
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Figure 3 An Influence Map of the Question 2 summary 

The climate change fear influences some of the main themes of our culture that is the final destination for influence. Fear 

influences our sense of control, who is in charge and does it matter? It emphasises the value of reductive thinking, focusing 

on the detail and the points of importance, maybe while running scared of the bigger picture? Fear can be blanketed out by 

consumerism and the forgetfulness of the delights of twenty first century living (for the affluent west). It also, quietly and 

cryptically affects our subliminal work on our immortality projects. How many artefacts of our world today are silent witnesses 

to our fear of extinction? 

Question 3. Do you think policy makers and populations more generally should be fearful?  

There are three broad responses from the three nominal groups identified in Question 1.  

The group of respondents that responded with a ‘No’ to Question 1 can be summarised as suggesting that fear is unhelpful and 

that other responses more akin to concern or agitation would be more useful. The selective application of fear emerged as an 

idea.  

The ‘Maybe’ group came up with the ideas of a framework, in which fear is presented but usefully with counter measures. 

Means to alleviate. But beware ‘manufactured consent’ and the idea of the framework being in some way manipulated by 

social forces.  

Finally, the ‘Yes’ group came up with a range of ideas. People are not provided with or are poorly served by our capacity to 

deal with large, systemic crises. Our narrow and consumerist ‘way of life’ obviates our capacity to think more systemically 

and take on an extinction-level crisis. The spirit of Winston Churchill was evoked by one of my respondents as a politician 

who had the capacity to create the safe space in which great issues could be grasped. Innovation is a fear prospect as well as a 

‘get out of gaol’ card. 

I set out the responses to Question 3 in Figure 4. Essentially there are three systems on display that relate in turn to each of the 

key responses from the ‘No, ‘Maybe’ and ‘Yes’ groups. The core of the diagram is the Policy Making system. This can be 

seen in a business as usual mode in the first system that sees Policy Making interacting, influencing and being influenced. To 

some extent policy influences and manages social consent and this in turn is the basis for our Frameworks of Engagement 

(democratic media for decision making). Such Frameworks ultimately impact back on the Policy Making System. In this 

diagram Policy Making, Consent and Frameworks are a discrete system. This is a system which is in regular use and on display 

just about all the time on 24-hour news networks and in the media more generally. A second business as usual system comprises 

Public Concern and Agitation impacting on and being affected by Policy Making. This comprises a second system. Outside 

the two business as usual systems lies the prospect of systemic coherence regarding climate change fear. This is in turn 

influencing and being influenced by the aspiration concept of Safe Space. 
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Figure 4. Influence Diagram of Question 3 summary 

 

Question 4. Is there a problem with the way in which news in the environmental debate is broadcast to the general public?  

The points made in response to this question ranged from what we might have expected (e.g. wickedness of deliberately 

distorted media messages and reprehensibility of distortion due to ignorance and corruption, cronyism of the media class and 

the political class) to more nuanced concerns (e.g. the division between the environment ‘out there’ and ‘us’, human frailty in 

terms of sifting what is important). Under all this lies the observation made at the outset, the naivety of naivety that there is or 

could be a “rational broadcast station with a brain that makes coherent choices in how it broadcasts to people who are on the 

receiving end.”  

Points made here are more about how climate change is accommodated and distorted in a ‘business as usual’ manner by the 

conventional media. Nothing new is happening but new alarms and problems are continuing to be treated in a conventional 

manner? 

My diagram for Question 4 summary is a Rich Picture. The media is all around but there is the latent idea that messages are 

not being heard, the disastrous path of consumerist society is not being watched and those who can speak are either self or 

socially constrained in what they can and do say, and maybe how they phrase what they say. The image of the three unwise 

deaf, dumb and blind kids making their way to the cliff edge is possibly apt. What is missing is the noted: ‘mother ship’ of 

sensible guidance and news. This has resonance back to Question 3 for me, and the idea of a ‘safe place’ and the necessary 

systemic/ holistic understanding which it pre-supposes. 
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Figure 5. Rich Picture of Question 4 summary 

Question 5. Can a response of fear be useful with regard to complex problems? 

A minority considered fear unhelpful and our worst and reptilian response to issues. However, and surprising to me, 

overwhelmingly the experts and concerned individuals represented in my sample considered fear to be a useful thing but only 

given a wide range of provisos. Some thought that fear was a poor mobiliser, anger is a better catalyst. Others did see value in 

fear as a means to catalyse action but again there are obvious issues linked to this, issues of paralysis and an idea of ‘good’ 

and ‘bad’ or ‘wrong’ fear. Types of fear and the morality of fear application in a deliberative manner. The issue of how to 

apply fear in large groups emerged. The idea that fear could be used if it was used in a reasonable way and on the right targets, 

but some thought anxiety might be a better motivator. Fear as a property was argued to have value as an indicator of social 

health. Others considered ‘contained’ fear of value. I detected on several occasions a sense that we are only on the foothills of 

fear and that when it really kicks in, then we will see the value it can bring, including amplifying and accelerating change. 

Finally, fear can be a call to and emancipator of a response that can be related to courage. 

Trying to capture the main themes from the responses to Question 5, I set out my take in Figure 6 In this diagram I make use 

of the influence diagram approach again and return to the cycle of fear which was inspired by Joanna Bourke’s book on fear 

as manifest historically across culture.  

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

971



 

Figure 6 Influence diagram, an update to the cycle of fear, summary of Question 5 

The key ideas which emerge for me are fear reformulation or recurrence, scale and (as a late but interesting observation) 

courage. I represent these in the cycle diagram. Fear continues to operate as the core of a system that cycles through conditions 

of weapon, target, emotion and state (a Paradigm of Fear). But the fear system is itself dynamic. There are points of departure 

where fear is transitional to a new system and a new formation. If the model appears a bit fixed, then the two polarities are 

added, on the one hand courage as one type of response to fear, possibly a response which can lead to new emergent properties 

(Black Swan outcomes?) which may again be part of the transition to a new manifestation of fear or the removal or reduction 

of the fear condition. On the other hand, fear can be seen as effective within different levels of scale, from the individual to 

the widest social context. Scale and courage are also linked via the fear system. The whole is dynamic, all aspects of the system 

are dynamic and can move. In this diagram I show the main fear system, what I can call the specific Formation of Terror or 

FoT, as the outcome of some prior FoT. This in turn leads to further dynamic and subsequent transitions in the FoT. 

4. Conclusions 

To return to my original questions:  

• Is fear weaponised by lobbyists in order to promote public response?  

• If fear is weaponised to prompt populations to change, is such action ethical and responsible?  

• Do climate change activists have a responsibility to orientate arguments to the rational and reflective rather than the 

instinctive and automatic? 

The results from the interviews and questionnaire responses set out in this paper are inconclusive and speculative but 

provocative of further research questions.  

The first question might be better stated as ‘should’ fear be weaponised by lobbyists? From the responses set out here it would 

seem that there is a widespread acceptance of this (indeed it might be said to be very apparent in the work of Klein, Brown 

and others)  but there are an equally wide range of provisos on such weaponisation. It seems that the second questions pre-

guesses this response. The problem with fear being applied, even for a “good” (define ‘good’ and open another barrel of issues)  

cause, requires strenuous review of stands on ethics and responsibility. It would seem that issues of morality and objectives 

also come into this debate and here further difficult questions arise relating to ‘who’, ‘how’ and ‘why’.  

My respondents have noted the use of fear and catastrophe by climate change activists as a means to attempt to elicit a response. 

The problem arising from this is, fear used in a S1, knee jerk, piece meal manner will probably result in unintended, systemic 

outcomes which may be more productive of further fear and S1 fear consequences. The issue here relates to the understanding 
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of the fear dynamic – what I have described as the Formations of Terror and how they move. Simply put, when fear is invoked 

or encouraged in an S1 manner, the consequences can snowball, we are not in rational territory. Figure 6 is one representation 

of this dynamic with a FoT being derived from previous FoT and being productive of future, unknown and unguessable FoT.  

This paper is the result of a thought experiment and is research still in progress. My results to-date are the outcome of a limited 

and qualitatively assessed group of responses. The responses to questions relating to the manifestation of fear are varied and 

sometimes conflicting. One theme that emerged in response to several of the questions was the need for better thinking. There 

is not a clear lead on what this means but ideas around holistic, cybernetic or systemic thinking in order to address the 

complexity experienced might be one interpretation. Such a mode might be represented as a S3 to add to Khaneman’s S1 and 

S2. Related to this was the value of containment and the psychological idea of a place where transition can be discussed in 

safety. Fearsome ideas are best addressed in a safe place, in a contained place. Society can tend to react with terror to the 

prospect of an overwhelming catastrophe but over time this results in learned helplessness and a sense of vulnerability and 

then complacency; until the next dose of fearful evidence and resulting terror. The cycle repeats and to understand cyclic 

behaviour I would note (again) a systems, S3 approach could be helpful. 

A further dynamic emerges, displayed in Figure 7. Here are two reinforcing cycles: one related to targets, emotions, states and 

the weapons of terror (what I have referred to as the Paradigm of Fear), the other to containment, addressing meaningful issues 

in meaningful ways, thinking up to scale and delivering systemic responses. One loop is negative and spirals down implying 

further fear and panic. The other loop offers hope and the containment of the fear impulse/ weapon.  

 

Figure 7. Reinforcing systems diagrams of despair and hope 
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Abstract 

Increasing access to clean and safe water is among the top priorities in Tanzania’s Five Year Development Plan 

(FYDP-II) 2016/17 -2020/21. Despite increases in government budget spending over years and external support for 

the  water sector, access to safe and clean water services is still limited, particularly in rural areas. The Government 

of Tanzania in partnership with the World Bank (Development Partners) supports the water sector for the purpose 

of increasing access to safe and clean water in the country and meeting the FYDP-II aims of increasing access to safe 

water in rural areas to 85% by 2021. Community Owned Water Supply Organizations (COWSO) is the 

implementation framework for increasing access to safe and clean water & sanitation in rural areas. An 

ethnographic study collected data in Bagamoyo� and Chalinze districts with the aim of determining why many 

community owned water points become dysfunctional. The study� findings show that the governance component of  

monitoring and evaluation (M&E) within Community Owned Water Supply Organizations (COWSO) is weak.  The 

paper recommends setting up a structured community responsive monitoring that will improve governance in 

COWSO and generate information for enhancing access to safe and clean water and sanitation in rural areas. 

 

Keywords: Keyword 1, Keyword 2, Keyword 3, Keyword 4, Keyword 5 [Maximum of five words] 

1.0. Introduction 

Increasing access to safe and clean water and sanitation for rural communities is a long-

overdue challenge in Tanzania. The government of Tanzania in collaboration with 

development partners (DPs) have been supporting and implementing rural water development 

programmes. The African Development Bank (AfDB) in partnership with the World Bank 

supported Rural Water Supply and Sanitation Programme-II (2011-2014) with the objective 

to increase community access to safe and clean water and improved sanitation. Despite the 

gradual increase of 61% rural population accessing safe and clean water in 2009 (AfDB, 

2010), yet, access to safe and clean water in rural areas is below 90% of the national target by 

2021 (URT, 2016).  
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The Tanzania Ministry of Water Strategy (URT, 2008) and the World Bank adopted the 

Community Owned Water Supply Organizations as the governance and implementation 

arrangement for increasing access to clean and safe water.  

Governance in the Water Supply and Sanitation (WAS) studies include wide principles 

including; administrative systems, equity, efficiency, transparency, and accountability 

(AfDB, 2008, p35). The water sector governance studies realize that improving M&E links 

well to governance because they argue that “well-functioning water sector monitoring and 

evaluation that tracks water resources, consumption and availability, measures access to 

services, collects data for planning, analyze inputs, outputs and outcomes lie at the heart of 

good water governance (ibid p35)”. A research on governance in Community Owned Water 

Supply Organizations (COWSO) was conducted between February and March 2017 in 

Bagamoyo and Chalinze districts. This paper questions the extent to which monitoring and 

evaluation facilitate governance in the Community Owned Water Supply Organizations 

(COWSOs)  increasing access to clean water and sanitation services in rural Tanzania.  

Water sector in Tanzania is guided by the National Water Policy of 2002 and the National 

Water Sector Development Strategy 2006-2015 with targets and indicators on the proportion 

of people accessing safe and clean water within 30 minutes (URT, 2012). These have been 

updated in the second Five Year Development Plan (FYDP-II) 2016/17 – 2020/21 (URT, 

2016).  

According to the 2012 national household budget survey, the population with access to clean 

and safe water has been declining from 61% in 2011 to 53% in 2012 (URT, 2012), and for 

Bagamoyo district population with access to safe and clean water has been below the national 

target of 85% rural water access.  COWSO became the innovative approach for increasing 

access to clean and safe water in the country. The approach aligns well with the Sustainable 

Development Goal (SDG)-6 and  the strategic intervention in the FYDP-II 2016/17 – 2020/21 

which target at  85% rural population with access to clean and safe water and 95% in   urban 

areas  by 2020 (URT, 2016).  Increasing access to safe and clean water and sanitation is one 

of the pre-requisites for human development  [THDR, 2015]. This concurs with the Global 

Sustainable Development Goal 6  to “ensure availability and sustainable management of 

water and sanitation for all by 2030” (United Nations, 2015). Achieving access to safe and 

clean water & sanitation is critical to attaining both the national and global development goal. 

To achieve this the SDG-6 requires going beyond the infrastructural investments,  including 

“transparency and accountability” (Manzungu,2004 p6).  
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Monitoring and evaluation (M&E) are the approaches for enhancing accountability and 

transparency. Monitoring is defined as the routine data collection on agreed indicators of 

achievement to assess if the program objectives are moving into right direction of 

implementation and objective, evaluation is a tool to determine the worth and value of 

programs, with the purpose of providing information to decision-makers and improve 

performance (Getler, et al., 2016, p4); an element that is  missing in the Community Owned 

Water Supply Organizations (COWSO) governance by the time of this study.  

1.1. Description of Community Owned Water Supply Organizations 

Community Owned Water Supply Organizations (COWSOs) are the registered grass-root 

institutions for water supply and sanitation services reporting to village councils. According 

to the National Water Sector Strategy 2006-2015, COWSOs are legally constituted organs 

with the mandate to own, manage, operate and maintain water supply systems on behalf of 

the communities. Akhmouch (2015) describes key principles and the main functions of water 

governance, of which governance in COWSOs  can be described as; own and manage water 

supply assets, operate and maintain water supply assets.. Holvoet et al (2015, p56) study 

examined governance in the water service delivery reforms and found that “community based 

approaches have been adopted with the assumption that local ownership trigger transparency 

and accountability, eventually increasing the quantity and quality of local service delivery”. 

This paper extends the observation that improving local service delivery embraces 

monitoring and evaluation as approaches for enhancing governance in  water service delivery 

(Holvoet et al., 2015, p56). However, the M&E component in the Community Owned Water 

Supply Organizations is relatively weak in terms of routine data collection and use of M&E 

for planning and decision making. 

 

2.0. Methods 

The main question of the study was; why Community Owned Water Supply 

Organizations (COWSOs) water points become dysfunctional? The study attempts to 

answer the following specific questions:-  

1. What are the governance gaps within Community Owned Water Supply 

Organizations? 

2. How communities are responsive to Community Owned Water Supply Organizations 

(COWSOs) for increasing access to safe and clean water & sanitation?  

3. What are the lessons from the Bagamoyo COWSOs governance?  
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A case study strategy was adopted in which specific Bagamoyo COWSOs as units of analysis 

are described. The data provide an in-depth understanding of the governance bottlenecks in 

the studied COWSOs. The justification behind choosing this approach is that local people 

have knowledge and experience about a studied phenomenon which exist in their context.  

Sampling selection 

Purposive sampling was applied for qualitative data collection; two COWSOs were selected 

from villages with COWSO projects of the same water supply projects. Bagamoyo district 

council, which originally included Chalinze district council, had Community Owned Water 

Supply Organizations in 22 villages before the Dar Es Salaam Water Supply Company 

extended its services. By 2016 many villages were connected to DAWASCO and therefore 

some COWSOs in villages that are connected to DAWASCO were dissolved. We therefore 

purposively selected 2 COWSO from 14 villages that were at least one year under COWSOs’ 

control, implying that the COWSO had been constructed and handed over to the community 

for service delivery for more than 1 year.  

Data collection 

Data collection from two focus group discussions (FGDs) comprising of 6 participants in 

each villages followed by interviews with key informants. The focus groups involved 

selected members from the Council Management Team (CMT), village community, and 

COWSOs management team. The selection of villages based on criteria of having a 

minimum of one year under COWSO management, whereas villagers were selected 

randomly from the village members’ roster kept at village office. This ensures representation 

of the modes of managing water supply projects’ in rural communities with acceptable 

governance standards 

The study adopted ethnographic method design (Creswell, 2014) that included qualitative 

interviews for gathering in-depth information from key informants on COWSO governance, 

experiences and challenges. The researcher used interview guide to solicit information from 

the interviewees focusing on governance practices, gaps and challenges in the respective 

COWSO. The researcher as a participant observed the processes involved from the water 

sources, water points with and some without water flow, and villagers coming to fetch water 

at water points, some getting and some didn’t get water from dry water points.  

Data analysis 

The interviews were paper-pen recorded and transcribed verbatimly. This is an important 

stage in the ethnographic data analysis (Emerson, et al., 2011). The transcripts were then 

imported to NVivo 11 for coding. The NVivo is a computer software programme used to 
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organize and analyze qualitative data.  Transcripts were initially examined to identify primary 

codes as well as the range of sub-codes within each code. Codes and sub- codes that were 

derived from the transcripts were used as guideline for the analysis. The purpose of this 

process is to systematically group text data into fewer content-related themes that share 

attributes and make sense of arguments. Repeatedly reading of all transcripts and codes 

enabled the researcher to understand the governance gaps in the Community water supply 

organizations (COWSOs), and identify important areas that need strengthening governance in 

COWSOs so as to increase access to clean and safe water and sanitation in rural 

communities.  

 

3.0. Results and Discussion 

 

3.1. Why COWSO water points become dysfunctional? 

The main study question geared towards understanding why Community Owned Water 

Supply Organizations (COWSOs) water points become dysfunctional. Respondents had 

different perspectives as the situation in the sampled village is described as; 

“The last board was not responsible at all; you see people in the committee, but have 

no understanding on fixing water pipes”. 

Respondent in Mataya describes the cause of water points to electrical faults in the pumping 

system as he says “tuliunguliwa na main switch”. When we started, the project handled to us 

14 water points, but 2 were not functioning-because it was not well planned and there was 

poor management. (This was described in Swahili as: “Mradi ulikuwa haukaa vizuri”, 

vyanzo vya maji, na uendeshaji mbovu”. The respondent gave a simile of raising a baby that 

“like a baby, if you feed well and takes care, s/he will grow better”. 

Another respondent in Changwahela described the situation in the water project as follows; 

“After completing the project was handed over to the COWSO Board. The source of 

COWSO water is supplied from Dar Es Salaam Water and Sanitation Company 

(DAWASCO). For the first 3 months, the community was using unbilled water. 

DAWSCO had not invoiced us. This had accumulated bills which became a burden to 

the Board. It was informed that, the Board was given the mandate to run the 

community water project without any prior training on project management, 

monitoring and evaluation. So far, the Board members have attended a 1 day seminar 

on budgeting conducted in 2015”. 
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Respondent in Talawanda described the situation of COWSO in the village that they started 

with 9 water points but only 1 operates “tulianza na vioski vya maji 9 na sasa kinafanya kazi 

1”. The attributed reasons for dysfunctioning water points “mabomba mabovu” translated in 

English to mean governance gaps within Community Owned Water Supply Organizations 

including record keeping, book keeping / accounts, water unit control, security guarding of 

water sources, pipes and points, and monitoring. This paper takes weakness on community 

monitoring as the major gap that cause dysfunctioning of water points. When communities 

are constantly and systematically collecting data on their COWSOs, they will be able to 

detect well in advance the emerging problems and improve situations 

3.2. What are the gaps / challenges within Community water supply organizations? 

Participants were asked to identify gaps in their COWSO; “what are the gaps for increasing 

access to safe and clean water & sanitation services?” Respondents in Mataya COWSO 

explained gaps in their daily operations of managing water services. Participant (Zys) said, 

“gaps are there; such as record keeping, book keeping of accounts, I was given this job after 

coming from school, I have no formal training”.  

 A probing question was asked, so how do you work? She replied, “I use my little knowledge 

I got on book keeping in secondary school”,  Participant (Zys) led the researcher to observe a 

pile of financial documents. 

Another participant (Shwari-2) pointed out areas of COWSO gaps or weakness that is the 

lack of supervision and monitoring (usimamizi na ufuatiliaji) referring to monitoring. She 

referred on community engagement on monitoring of COWSO water pipes and leakages, as 

she says; “some people do not care, do not follow up, what is the problem, you see sometime 

water leakage, but they do not follow up”. 

 

As a participant observer, the researcher noted weakness on security guarding of water 

sources, pipes and points. (Bakker & Morinville, 2013) provides governance multi-

dimensions of water security including; “acceptable level governance of water related risks to 

humans and ecosystems coupled with the availability of water quality and quantity to support 

livelihoods” (p.2).   A water pump (source) for Ludiga village had no security guard despite 

the fact that the pump is located in the jungle. The researcher visited the water source and 

observed the non-attendance of the water source, impliedly, this site had weakness on 

governance dimension of water security. 
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3.3. How are communities  responsive to Community Owned Water Supply 

Organizations? 

The research inquired the role played by the community in COWSOs for increasing access to 

safe and clean water & sanitation. When asked; how communities are responsive to 

monitoring access clean and safe water and sanitation services? Respondents in all sampled 

areas acknowledge the role played by COWSOs in providing safe, clean and reliable water in 

their villages.  

 

Community responsive monitoring, which is defined as “a process of routinely observing 

environmental or social phenomena led and undertaken by community members” (Johnson et 

al., 2015) was noted in the description on how citizens respond to the problem of pastoralists 

cut water pipes to drain water for their livestock. Community responsive monitoring can be 

equated to community based monitoring (CBM) (Shukla, Scott, & Kakde, 2011) who 

describe as “a form of oversight, where the rural communities monitor the state of their local 

public health” (p 2). In the case of COWSO, the public is requested to contribute money for 

hiring a watch guard of the pipe, in contrast the ideal whereby the  community responsive 

monitoring activities include; visiting water sites, checking water units, checking water sales, 

and checking water leakage. 

The impact of COWSO could be noted when respondents were asked, how the community 

accessed water before COWSO came in the village? SnDz participant detailed the COWSO 

water supply in Mataya, that was handled to the community in February 2015. He described 

saying in Swahili, translated as “Before receiving the project, we used to get water from 

DAWASCO. Water points had no water, water flow was not consistent. After the project we 

get water and no water problem anymore”. 

SnWz responded saying; “It was so difficult to get water. We used to fetch water from 

ponds”. 

Another villager celebrated the success of COWSO saying that “the benefit is that we get 

drinking water, cooking water and for bathing”. In Mataya village it was heard saying: “tuna 

maji yanatoka wakati wote”, meaning “we have assurance of getting water all the time from 

water points”. This was a subjectively perceived success of COWSO as celebrated by some 

beneficiaries. 

It was heard them saying;  “Tunapata maji ya kunywa, kupikia wakati wote” meaning “we 

get water for household use-drinking, cooking all the time; we used to walk 9 kilometers 
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away to fetch water”. This is against the National water policy which has set maximum of 

400 meters water points from homesteads (URT, 2002). 

3.4. Governance gaps 

Based on the information triangulated from interviews and documentary reviews water 

supply in Tanzania rural communities is still farfetched from attaining the Sustainable 

Development Goal-6 as well as the National Five Year Development Plan 2016/17 -2020/21 

on various governance aspects. It was found that Community Owned water Supply 

Organizations received completed projects unprepared with less managerial skills, this result 

to many water points not functioning. The analysis found governance gaps in Community 

Owned Water Supply Organizations (COWSOs) including; 

Weak capacity of COWOSO Boards to oversee the constant functioning of water supply to 

communities. Routine data collection of water produced and supplied are supposed to be 

generated and recorded. Data obtained from interviews shows COWSO had irregularly 

routine data collection for the water pumped and supplied to water points. The biggest 

problem of CWSOs is the data management at the water points, which largely is attributed to 

inexistence or non-functioning of monitoring and evaluation systems. This is attributed to 

more focus on hard ware investment and less on human resource capacity (Holvoet, et al., 

2015) for monitoring and evaluation. Nevertheless, when water gets to the distribution points, 

the entrusted water point keepers use intuitive measurements on how much water the 

customer fetches. Moreover, the cash revenue recording is not on regular receipts and cash 

books.  

 

Weak record and book keeping, community participation on monitoring of pipes, water 

points, and planning. Community Owned Water Supply Organizations are governed by 

Boards of COWSO, whose composition include the Chairman, Secretary and Executive 

members selected from villages where COWSO water pipes extend. The Boards are 

responsible for ensuring water is available to communities as well as collecting revenues 

from water sales. Roles are assigned for inspection of water flow in the water points and 

checking water use and sales. COWSO Boards “is the internal supervisors of all activities”, 

however, individual communities, should have the capacity to monitor progress in their 

COWSOs. 
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Water service delivery in Tanzania rural communities has been a development concern in all 

development plans. The World Bank financed the COWSO project working with the District 

Council as an intervention to increase access to safe and clean water. The WB completed the 

water physical infrastructure and handed over to the COWSO Boards (Fig.4), which are 

responsible for the management of the water service delivery in the respective villages. The 

interviews revealed that the water governing boards are responsible for the daily as well as 

strategic operations. Nevertheless, the Boards had no evidence of having monitoring and 

evaluation frameworks. 

 

For example, in Changwahela village the World Bank financed COWSO project which was 

handed to the Board of Governors of the fishermen community with total population of 1692 

in 431 households. The village community is served by 4 water points, where households 

come to fetch water at a price of Tsh 200 per 20 litres. Before the WB water project, people 

used to pay Tsh 1500 per 20 liters bucket. The demand for water is high as for now the water 

is supplied using 1.5 inch pipe. The community had constant water cut-off by livestock 

keepers. Whereas, in Ludiga village, it was found that for the first 3 months, the community 

was using unbilled water, on the other hand DAWSCO had not invoiced COWSO Board of 

governors. This had accumulated bills which became a burden to the Board. It was informed 

that, the Board was given the mandate to run the community water project without any prior 

training on project management, monitoring and evaluation. So far, the Board members have 

attended a 1 day seminar on budgeting conducted in 2015.  

 

The results indicate that the COWSO Board of directors are involved in the daily operations 

of COWSOs. It was impliedly revealed that monitoring of COWSO is done by the hired 

accountants, the Chairmen and the guards. However, when asked about  the guidelines for 

monitoring COWSO, it was found that there were no specific guidelines and tools that could 

be used for monitoring COWSO, let alone the evaluation of their performance. The 

monitoring and evaluation tools for COWSO could be important tools for enhancing 

accountability and improving efficiency in the delivery of water services and therefore 

increasing access to safe and clean water. A study on Rural Water Services and Sanitation 

(RWSS) in Malawi recognizes monitoring as an instrument for enhancing governance and 

accountability that requires building supporting monitoring systems (Scott, 2012). 

 

3.5. Inadequate access to clean and safe water. 
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The. National Water Policy specifies improved access to safe and clean water in rural areas 

that should range from “25 litres per capita per day through water points located within 400 

meters from the furthest homestead” (URT, 2002, p34). The studied communities in 

Bagamoyo and Chalinze districts (Changwahela, Mataya, Ludiga) are accessing clean and 

safe water from water collection points through COWSO. However, the water collection 

points in Ludiga and Changwahela villages were found dry with no piped water. Many 

houses are located beyond 400 meters far from water points, the distance limit as per 

National water policy. 

3.6. Operational Policies, Procedures and Systems  

The study inquired the scheduled COWSO Boards meetings. It was examined that they have 

4 schedules for board meetings, but meetings are not attended as scheduled. There were 

missing minutes documentation at one point in the village office, as the researcher was 

referred to get minutes from a member who could not be accessed. It was further observed 

that there were no clear Terms of Reference for the Board members other than the Chairman, 

Secretary and Treasurer. This limited the engagement and participation of the Board 

members in the policy decisions. The study inquired about the participation of the Board in 

the Strategic plan. This  question didn’t get a proper response implying that COWSO operate 

with no Strategic plans, and therefore the monitoring and evaluation could not  get a place in 

the COWSOs visited. 

3.7. Monitoring  and Evaluation 

The COWSO Board are involved in the daily operations, however routine data collection is 

not done systematically. There were no data collection tools for monitoring water supply, 

leakages, energy, revenue, demand and use. The monitoring and evaluation tools for 

COWSO could be important tools for enhancing accountability and improving efficiency in 

the delivery of water services and therefore increasing access to safe and clean water. 

 

3.8. Coherence to National water development policies  

There is coherence between National Water Policy of 2002 and Community Owned Water 

Supply Organizations (COWSOs) in terms of community participation. Communities 

participated during the construction of the physical water infrastructure by collecting stones 

and supplying labour. Community contribution is well spelt out in the policy that “For 

sustainability of water schemes, communities will be required to pay full operation and 
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maintenance (O&M) costs and costs of higher service levels as well as to manage their 

schemes” (URT, 2002, p33). The National water Policy also provides guidelines on water 

access that “The basic level of service for domestic water supply in rural areas shall be a 

protected, year-round supply of 25 litres of potable water per capita per day through water 

points located within 400 meters from the furthest homestead and serving 250 persons per 

outlet” (ibid). However, the situation in the studied villages is contrary to the policy. There 

are still many villagers fetching water beyond 400 meters from their homestead and in some 

cases water points do not have running water (dysfunctional). 

 

3.9. Conflicting interest among water resource users  

The noted conflicting interest among water resource users; these include 

domestic water users and livestock keepers. Water is still a scare resource for 

both domestic users and livestock keepers. The intended objective of 

COWSOs is to supply clean and safe water to communities so as to improve 

their health, however the unintended objective rose from the pastoralists who 

found water pipes and cut to allow water flow for their livestock. The 

conflicting interest among water users calls for constant supervision and 

monitoring of the COWSOs. 

 

4.0. Conclusion and recommendations 

This paper examined the governance gaps in the Community Water Supply Organizations 

that impede access to clean and safe water and sanitation in Tanzania rural areas. It attempted 

to answer questions on why COWSO water points become dysfunctional after being handled 

over by development partners and the government. A number of causes were identified, but 

the prime is lack of monitoring and evaluation skills and practice, which could provide 

evidence on the areas that require improvement before water points become non-functional. 

 

Nevertheless, we conclude that COWSOs have improved the access to safe and clean water 

in rural communities as people are able to fetch water from some functioning water points. 

Villagers’ voices displayed high level of comfortability on the access and availability of 

water. You hear voices of “it is good, nowadays we get water for cooking, drinking and 

hygiene”. However, there are still many  homesteads in rural areas walking beyond 400 

meters to fetch water, contrary to the  2023 national water policy  

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

985



 

Nevertheless, governance of COWSO lacks monitoring and evaluation system and practice 

that could enhance governance and accountability. These are attributed to the lack of know-

how as revealed in the discussion and non-availability of M&E tracers.  

Recommendations 

1. Strengthen M&E in the Community Owned Water Supply Organizations for 

enhancing accountability and governance. This shall require various capacity building such 

as M&E training 

2. Increase  water points for many other areas where communities do not have access to 

COWSO water services. This approach can have short-term and long-term strategic planning 

in respective COWSOs 

3. Introduce improved sanitation facilities / technology to all communities to improve 

sanitation in rural areas. Working with the private sector and village governments can speed 

up government campaigns for improving hygiene and sanitation as stipulated in the national 

policy. 

4. Strengthen water services & sanitation services in rural areas: Water points are 

inadequate, we need more water points to keep with the National water policy guide of 400 

meters from the furthest homestead. Also water supply needs to increase from the sources. 

5. Members of the Board are volunteering, they have to be paid for the services 

rendered. The source of payment should come from water service revenues. 

6. Provide training on monitoring, record keeping, budgeting, leadership and accounts 

should be provided for strengthening capacity of the community to manage and operate 

COWSOs.  
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Abstract 
Currently there is a significant crisis involving the traditional model of political representation based on the institutional role 
of political parties. Proof of this is demonstrated by the gradual decline in voter turnout in the main EU countries 
(https://blog.openpolis.it; http://www.worldbank.org). 
 
Probably this disaffection with the vote in determining public decisions is only partly attributable to a state of disinterest or 
lack of involvement. Rather, the emergence of new global communication tools (e.g., social networks) and, more specifically, 
ICT (Information and Communications Technologies) seem to impact the political process. 
 
It is not true, in fact, that the interest in influencing decision makers’  choices  has diminished; on the contrary, this interest 
has strongly intensified and now involves almost all social, demographic, cultural and geographical areas. And this is because 
of the ease and immediacy of expressing opinions through modern mass media. 
 
In relation to this crisis the complex phenomenon of lobbying has presented itself as an aspect which modern democracies 
(especially EU states) have often found themselves unprepared to confront. 
 
Lobbying essentially means implementing a type of political communication by representatives of various categories to call 
group interests to the attention of decision makers (Macrì, 2012). 
 
The existence of this phenomenon calls for an investigation of the subject from a legal point of view because there are no 
lobbying regulations currently in Italy. This absence of rules has inspired the widespread belief that lobbying is essentially 
something "underground" and "not transparent" or even, in some cases, an occasion for corruption. 
 
The first aim of this research is to investigate lobbying in order to discover why until now there has been no general regulations 
created in Italy. The second aim is to understand if it is possible to assume that lobbying is a shareable and effective method 
for influencing and guiding public decisions along with other modern tools for participation in public life (ICT, social 
networks, etc.). 
 
The research method analyzes the legal and social characteristics of lobbying in Italy.  It utilizes case studies combined with 
a comparative analysis of the US and European lobbying systems. 
 
The research intends to show how the crisis of the traditional model of political representation does not necessarily indicate 
disinterest in active participation in institutional life; it is just that new instruments of involvement that are perceived as more 
immediate and effective have entered the political arena. The research intends to demonstrate how lobbying guarantees 
participation and a “high quality” (more incisive) impact on decision makers. 
 
Finally, the research will demonstrate that the crisis of the traditional model of political representation is not necessarily an 
impoverishment of democratic values because of the development of new models of influence on the public decisions. A 
theoretical and practical way to recover the traditional value of the vote as the main instrument for common active participation 
will be presented. 
 
 
Keywords: democracy; social networks ; voting crisis ; lobbying ; public decisions 

1.   Introduction  

The subject of this paper comes at a topical moment in Italy because on March 4, 2018, there was an election of parliamentary  

representatives.  This event has provided this study a very useful new piece of data. 

Polls conducted during the election campaign showed that, until the day of voting, the number of undecided voters was very 

high (about 40% of those entitled to vote) and that the abstention rate was probably to remain very high. In particular, the 

projections of the main survey institutes (source: Ixè and Euromedia Research) predicted a level of abstention close to 30% 

(higher than the data of 2013 when 24.9% of those entitled to vote had not gone to the polls; fig. 1). 
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Figure 1. Data of voting turnout in Italy (source: www.interno.gov.it) 

In fact, the voter turnout data for this election published by the Italian Government showed a 27.07% abstention rate 

(http://www.interno.gov.it), thus highlighting the progressive growth of the “non-voting (abstaining) party”. 

This negative trend is a symptom of an objective disaffection and mistrust of the vote.  This merits a study because it is a 

growing trend and the phenomenon of abstention is mainly affecting voters who are 18-25 years of age. 

The right to vote is the centre of representative governments based on in the modern rule of law established since the late 

1800s.  It is the fulcrum which the principle of popular sovereignty revolves around: the people benefit from sovereignty 

because periodically the electoral body, without distinction of any kind (universal suffrage), is called to elect their 

representatives to the institutions. 

It could be said that when the number of people voting increasing diminishes due to abstention, it is clear that the number of 

those who do vote are less representative of the general population. Among those who choose not to vote are countless younger 

voters (who are the future of the country).  This leads to the conclusion that the traditional model of democracy (so-called 

representative democracy) is irremediably in crisis. 

Abstentionism is an endemic problem in all modern Western governmental systems: the data regarding EU turnout  in the last 

elections to the European Parliament (2014) show that the problem is evident in all Member States.  Italy, where 57.22% of 

the electoral body went to the polls on that occasion (with a 7% drop compared to the previous time), took fifth place in the 

European turnout ranking; the last place was taken by the Czech Republic (82% of voters did not vote) and Belgium came out 

in the first place with an abstention rate of only 11% (fig. 2). 

 

Figure 2. Participation in the EU vote (elections of the EU Parliament 2014, https://blog.openpolis.it) 
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This paper will discuss the following: 

1) the causes of the crisis in representative democracy demonstrated by the big drop in voter turnout; 

2) the new frontiers of popular participation in public life; 

3) a focus on lobbying in Italy, seen as an instrument of qualified pressure on public institutions.  

The effects of the increase in abstentionism on the principle of representation and, more generally, on the value of popular 

sovereignty expressed through universal suffrage has been investigated in some fundamental studies that form the basis of this 

research (Cassese, 2017; Morelli, 2015; Marsocci, 2015; Morlino, 2008). 

This study aims to investigate the reasons behind this malaise that, in a more optimistic and liberal perspective, could simply 

represent a step in an evolutionary process towards a new value of popular participation in public institutions that is not found 

in traditional institutions linked to the principle of representation. 

Through this research, which will lead to the recognition of the legitimisation of new forms of participation alternative to 

representative democracy, we will try to verify how the different forms of participation (the traditional one anchored to the 

model of representative democracy and the more "fluid" one exercised through new instruments of communication and 

sharing) can coexist and, where possible, enrich each other with a peaceful confrontation. 

2.   Methods 

The research is based on a critical analysis of voter turnout data at the most recent national elections. In particular, the starting 

point assumes the percentage of voters who choose not to vote by not going to the polls as an element in order to formulate 

some assessments on the health of representative democracy. 

The study is also based on the exegesis of the fundamental rules (especially constitutional rules) that set the founding values 

of democracy based on the principle of representation in order to verify how these provisions can introduce new models of 

expression of popular sovereignty entrusted to alternative and innovative instruments of citizen participation in public life. 

The concept of participation is thus analysed not only in its semantic meaning, but also and above all in its legal and political 

dimension. Indeed, no instance coming from the real world (particularly from civil society) can find legal coverage except 

through the mediation of a textual and formal rule and/or its interpretation. 

This study takes into account the findings of the relevant doctrine and case law. The focus is mainly on the most significant 

studies in terms of tools for exercising popular sovereignty and on the state in which the traditional model of representative 

democracy actually finds itself. 

The evaluation of the effects of the use of new forms of direct participation is based on the concrete observation of the influence 

on institutions through new technologies, social networks and other digital platforms. 

Finally, with regard to the focus on the role of lobbies, the study explores the implications of the lack of a formal regulation 

in the Italian legal system. 

3.   Results and Discussion 

The data on the Italian election turnout to elect parliamentary representatives shows a progressive increase in abstention. In 

particular, abstention data becomes particularly significant starting with the vote in the 1987 elections, since the percentage of 

abstentions has gradually increased to reach a level of 27.07% (elections 2018; source: Government, 

http://www.interno.gov.it). 

Abstention indicates an objective disaffection of the people to politics and, more specifically, a clear distrust of the main 

instrument of exercising popular sovereignty (the vote) through which it is possible to contribute to the choice of members of 

the parliamentary assembly. 
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Therefore, we are witnessing a crisis of the fundamental model of democracy recognised in our Constitution and in the 

Constitutions of most Western countries, based on the principle of representation, in virtue of which the people exercise their 

sovereignty through the instruments that the system puts at their disposal (art. 1, second paragraph, Cost.). Among these 

instruments, the right to vote is certainly the most important way of participate according to the traditional structure of the 

Constitution and, for a long time, the low rate of abstention at the ballot box had been a concrete confirmation of the validity 

of the representative democracy model. 

The causes of the crisis of the representative democracy model are multiple: the globalization of markets, the economic and 

financial crisis, migratory flows, the spread of religious fundamentalism, the explosion of international terrorism and the 

inadequacy of nation states to meet the regulatory requirements of increasingly complex and multicultural societies. The 

perception among the governed is that the democratic institutions that represent them are no longer able to face the 

contemporary challenges. 

The immediate reaction to this state of affairs consists in not exercising the right to vote, which at the same time becomes the 

expression of a will (Baldassarre, 2002).  

In addition to this immediate reaction, however, it is possible to observe other behaviours that - if correctly interpreted - lead 

us to believe that the need to participate in public life is not completely exhausted, even though through it is done through new 

forms of communication and action that express themselves outside the typical venues of exercising sovereignty. 

This multifaceted and complex reality suggests a reflection on the emergence of new forms of democracy alternative to the 

model of representative democracy (direct democracy or participatory democracy).  The research hypothesis is based on a 

fundamental question: does the model of representative democracy only need updating and re-elaboration or rather is it going 

through a phase of irreversible decline? 

In order to answer this fundamental question, it is necessary to analyse the new forms of participation in public life that have 

gradually emerged in recent times. 

The widespread diffusion of access to the web resulted in two phenomena:  large-scale dissemination of information on all 

levels and then later the ability to actively participate through modern information technology tools. 

The social network platforms today constitute the primary context where it is possible to measure citizens’ satisfaction in 

respect to choices made at the government level: in fact, all political parties and movements now concentrate a great deal of 

energy on studying the feedback that comes from social networks and conduct a large part of their election campaign through 

strategic intervention on social platforms, rather than in city squares or party offices. 

The main feature of the tools of popular participation that use ICT is immediacy because, as mentioned above, in a few 

moments a topic launched on a digital platform is able to collect very high and widespread levels of consensus or dissent that 

are representative of popular opinions. 

The great impact that over the last decade has taken on the theme of the people’s participation in public life through ICT leads 

us to believe that, in the face of an ever increasing decline in the number of voters participating in elections, a rapid and 

exponential increase in the number of those who, through a common device connected to the Internet, wish to contribute 

directly to the activities of the same institutions. 

If we think these contributions are manifestations of judgement not relevant from an orderly and formal point of view we 

commit an error that modern democracies can no longer afford to do because of the risk of a definitive and irreversible 

disconnection between the people and institutions.  This is because the conclamation of this disconnection can favour 

uncontrollable and dangerous phenomena of violence and social disorder. 

The use of social networks has seen exponential growth in recent years. 
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According to the data published in the Report Global Digital 2018 published by the research institute We are social, in Italy 

73% of the population is online (43 million people), with 34 million active users on social media (fig. 3). 

 

Figure 3. Social media dissemination in Italy (source: www.wearesocial.com) 

During 2017 there was a growth of 4 million people connected to the Internet (+ 10% compared to the previous year) and a 

growth of 3 million social media users (+ 10% compared to the previous year); there are 28 million active accounts on social 

channels and on average Italians dedicate 2.5 hours a day to the use of social networks (fig. 4). 

 

Figure 4. Internet use diffusion in Italy (www.wearesocial.com) 

The raw material of Web 2.0 is the relationships and connections between people: if the consumer of traditional media, such 

as newspapers, was passive and the first generation Internet user had, at most, to be content to send an e-mail to the webmaster, 

the latest generation of Internet users is entirely projected in the dimension of participation. First of all, it is about expressing 

oneself: one's ideas, one's dreams, one's identity. 

The most popular among social networks, Facebook, has inserted the "Reactions" with the aim of stimulating a state of mind, 

a sentiment, a reaction in the user. 

The web feeling is the lifeblood of a new way of exercising fundamental rights such as popular sovereignty and democratic 

participation. Through your smartphone, computer or other device, anyone who, from any part of the world, feels they can 

participate in public life, express an opinion, open a debate and influence the decision-makers. This is the basis of e-democracy 

which, in many ways, is filling the spaces left free by the traditional model of representative democracy. 
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Researchers who have dealt with digital democracy (e-democracy) have raised many concerns. 

In particular, it has been observed that e-democracy, seen as the possibility to vote from home, access administration services 

(e-government), be hyper-informed, discuss the problems of the neighbourhood rather than the world (de-territorialization),  

on the one hand strengthens democratic practices.  However, on the other hand, it does not meet mediating subjects to be 

influenced in an institutional context because there are no established organizations that stimulate effective participation of 

Internet users. In this regard, it has been said that the virtual citizen suffers a great "loneliness" that can be overcome only if 

the medium (in this case the Web) serves to mobilize real subjectivity, if visiting the virtual square is functional to gain 

visibility in the real square and generate collective political action (Prospero, 2006). 

According to a recent study (Gometz, 2017), the expression "electronic democracy" (e-democracy) refers mainly to the use of 

digital technologies as a means of carrying out the egalitarian procedures of self-government of demos. This concept is 

primarily related to the concept of electronic voting, i.e. the ICT mediated process by which citizens express and communicate 

their individual willingness to take collective decisions or to elect their representatives. The concept of e-democracy thus 

overlaps with the contiguous concepts of e-government and e-governance, which identify the governing of a public issue open 

to citizens' participation, and e-democracy becomes an expression that also covers the digital detection of public preferences, 

often focused on local areas or on specific types of citizens, having a mere demoscopic, informative or consultative function. 

The very essence of the term "democracy", however, suggests that it should refer exclusively to the procedures that carry a 

kratos of the people, that is, a power expressed in authoritative binding, not subordinate to interference, endorsement or 

concessions by authorities, intermediaries and stakeholders. We have true e-democracy only if the digital participation of 

citizens in collective decisions is taken seriously, i.e. if it is legally provided for as a function of determining the content of 

public choices. 

Since the last decades of the twentieth century, ICTs have been considered as a way of neutralising the logistical and temporal 

difficulties that have always prevented the citizens of modern democracies from participating directly in the governance of 

public affairs. With the widespread use of the Internet, forecasts of an imminent revolution in democratic institutions predicted 

the weakening of traditional structures of democratic power, the possibility for citizens to contribute directly to the 

determination of the political agenda and the adoption of the relevant decisions, the increase in public participation, the 

improvement of the quality of democratic deliberation, etc. were predicted. It was imagined that the possibility of 

communicating in real time without space limits would allow citizens and institutions to interact more regularly and openly, 

with benefits both in terms of the adherence of political decisions to requests coming from below and in terms of citizens' 

overall satisfaction with public choices. ICTs should have had beneficial effects on democratic pluralism, thanks to political 

information finally taken away from any form of monopoly and control, made by citizens for citizens and conveyed through 

amateur websites, blogging platforms and social networks that can be used free of charge by anyone. 

With the advent of the new millennium, the new frontiers of e-democracy have highlighted their limits. In particular: a) 

experimentation with the use of ICTs has remained confined to a local dimension and mostly not repeated; b) the 

implementation of digital technologies has not produced any significant changes in the "rules of the game" of the present 

liberal democracies, which have remained fundamentally unchanged, admitting at most that traditional popular consultations 

could also take place with the help of electronic voting systems; c) on the participation side, the Internet has not stopped the 

growth of the anti-political phenomenon and, in general, mistrust of the institutions as a whole. 

The failure of the forecasts regarding the effects that the diffusion of ICT should have had on the overcoming of representation 

and on the traditional declination of the value of political participation does not seem to have been followed by any resipiscence 

on the part of the e-democracy supporters; many of them have discovered the causes of such failure to be sabotage deliberately 

carried out by the governments and the political establishment interested in their own self-preservation. These considerations 
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have probably led to deviant phenomena of populism and demagoguery that in online communication find fertile ground (e. 

g. fake news phenomenon, bad practices of communication). 

In order to bring the debate about e-democracy back to an objective level through which one can try to find a consensus 

between the different conflicting needs, it is necessary to describe the model of digitally mediated democratic participation 

that it integrates in more detail. 

According to the Gometz study, at least four forms of e-democracy can be distinguished. 

The first two (called direct computerized participation and representative electronic participation) include electronic tools 

through which citizens contribute to determine political decisions directly through their representatives: these two forms of e-

democracy are expressed mainly through electronic voting directly influencing public decisions, political parties and other 

subjects where the identity of individuals is connected to organizations in accordance with the art. 2 of Italian Constitution 

(trade unions, trade associations, consumer associations, committees with specific political demands). These two forms of 

digital participation are genuinely democratic only if procedures are put in place which provide for the effective and binding 

contribution of the members of the electronic platform to decisions on the organisation's programme and policy agenda. If, on 

the contrary, the results of the electronic consultation of subscribers are subject to supervision, control, endorsement or 

discretionary annulment by top management bodies, or if the same consultation platforms are managed by them in an opaque 

and exclusive manner, the participation of citizens can easily be reduced to a sham that substantially does not have any 

democratic power. 

The third form of digital participation ("digital deliberative participation") is aimed at a comparative examination of pro and 

con on a decision through online dialogue exchange. The venues of this deliberation are found in social networks, blogs, 

forums, chat rooms, mailing lists and websites where discussions on political topics are held. In theory, these new articulations 

of public space would offer new opportunities for individuals to participate democratically; however, recent studies reveal that 

the most evident and characteristic result of online political discussion is that of fragmenting the public into uneven groups 

and that they do not communicate with each other without a compromised synthesis of the different positions. 

The last form of digital participation, called "demonstrative participation", includes activities aimed at publicly expressing 

one's political opinion in order to influence the voting intentions of others, the choices of institutional decision-makers and/or 

the political orientations of the public (e. g. mail-bombing activities).  

Therefore the current challenge of e-democracy is not its recognition as an instrument of influence on public decisions but 

rather that of the quality of its operation. 

In fact, actually, we are dealing with an impasse: on the one hand, the objective crisis of traditional democracy based on the 

principle of political representation and, on the other, the objective difficulties that the new e-democracy instruments have 

already highlighted. 

However, we believe that there is a possible way out that allows us to look further in a constructive perspective. 

This perspective is based on the recognition of the strategic role of stakeholders and, more generally, of representatives of 

collective interests (not only economic interests) who are entitled to interact and influence the activity of elected 

representatives of the people in public institutions. In other words, we believe that the point of synthesis and balance between 

the different forms of democracy and, in particular, between traditional democracy (based exclusively on the principle of 

political representativeness) and e-democracy (in all its declinations) is identifiable in the role of lobbying in its broadest sense. 

We believe that the advantages connected to the exercise of participation digitally mediated (e-democracy), especially through 

the possibility of expressing one's opinion directly and immediately with a "click" (think of the "like" provided in all social 

networks), can only be valued as effective contributions to the decisions of the institutions if they find expression according 

to some schemes, predetermined guidelines and rules and through stakeholders who can guarantee their synthesis. 
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If this process of coagulation and synthesis is implemented directly by the institutions to which the contributions "from below" 

are destined (through the management and/or monitoring of intervention platforms, the predisposition of questions and 

questionnaires, the elaboration of results, etc.) there is a high risk of betraying the characteristics of this type of popular 

participation (spontaneity, incisiveness, immediacy, truthfulness). On the other hand, as observed, the free exercise of e-

democracy instruments creates conflicting results and, finally, is not very useful for the purpose. 

In our opinion, the solution, therefore, is that the activity of collecting and processing the contributions of e-democracy could 

be entrusted to subjects, different from the institutions, to whom the system attributes the role of qualified privileged 

interlocutor with the institutions themselves. This solution presupposes, with reference to Italy, that lobbying is formally 

recognized and regulated. 

Unfortunately, in Italy there is no general regulation on lobbying, despite evidence that many of the actions and decisions 

taken by the Government and Parliament are the result of pressure and influence on the part of lobbies (Cassese, 1992). 

In Italy, the issue of the lobbies and the need to regulate them has been the subject of a process of mystification that has 

contributed to the rejection of its regulation by law (Carloni, 2017). Lobbying has been seen as a dynamic extraneous to our 

system, where the task of representing the interests of the community is entrusted to political parties (Marangoni-Tronconi, 

2014). 

This attitude of rejection is, in turn, a consequence of a cultural gap represented by the idea, very widespread in the Italian 

public opinion, that lobbying actions replace a hypothesis of corruption because the authority, lending itself to the pressure of 

the stakeholders, betrays its mandate as impartial representative of all the people. 

Indeed, it is undeniable that the boundary between legitimate confrontation with demands worthy of attention and subjugation 

of partial will is very weak; in other words, the risk that lobbying from a physiological element becomes bad and pathology 

of the system is very high (Graziano, 2002). 

This conviction has called recent attention to the phenomenon of lobbying by anti-corruption authorities not only in Italy. 

Although the intervention by the anti-corruption authorities is appreciable and right, it has helped to indirectly confirm the 

belief that lobbying is a harmful factor for the system and has not allowed consideration of the positive aspects, especially in 

a broader perspective - of particular interest for this research - that looks to lobbying as an expression of communication and 

bottom-up political participation (Mazzoni, 2012). 

4.   Conclusions 

The results of this research affect three related themes: the state of health of representative democracy, the opportunities offered 

by e-democracy and, finally, the role of lobbying in Italy. 

The crisis in the model of representative democracy is undisputed, although the principle of representation remains the 

fundamental value that inspires our system of parliamentary government. 

We must therefore ask ourselves whether, in the face of this current state of affairs, we need to abandon the traditional 

parliamentary form of government or, rather, simply reconsider it by proposing certain corrective measures. 

In my opinion, the data on the abstention from voting does not express a complete disregard for the willingness to participate 

in public life. This is amply demonstrated by the proliferation and diffusion of alternative means of direct democratic 

participation, above all through the exploitation of ICT. 

What has indeed been suffering for some time (not only in Italy) is the system of parties through whose role the political 

participation of the people has been declining. 
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Conversely proportional to the distrust of the parties, that represent the different interests of the community, is the strong 

energy that can be seen in many experiences of direct participation of the people in public life, also through intervention in 

digital social platforms. 

The system must necessarily capture these signals and offer legal and formal recognition to requests for bottom-up 

participation. If the people perceive  real attention by the institutions to the new models of participation, I am sure that gradually 

the traditional system of representative democracy, which entrusts the voting instrument with the central moment of expression 

of popular sovereignty, would also benefit. 

The model of representative democracy, therefore, is not a model to be abandoned but to be enriched and updated. The vote 

must constitute the last step (the acmé) of a democratic participatory path that can no longer be separated from the experiences 

of participation (often informal, instinctive and without rules); only in this direction, the data on turnout will be able to reverse 

the negative trend and, more importantly, the vote can reflect voter's beliefs  and avoiding that - as it is presently - participation 

in elections can be interpreted as an opportunity to protest against the system instead of contributing to the public and 

institutional cause. 

Attention by the institutions to the new forms of participation (in particular, e-democracy) is also an essential requirement, as 

every social and cultural phenomenon requires, in order to be useful for its purpose, to be regulated and guided. The risk that 

the digitally mediated democratic participation takes place without rules or filters is (paradoxically) that the results that it 

yields are unreliable, do not reflect the will of the majority and are therefore not usable as elements of support and contribution 

to the choices of those who govern us. 

The system must therefore lay down rules which can ensure that the risk described above is avoided. 

Faced with this need, my idea is that the task of filtering and moderating the bottom-up contribution can be entrusted to subjects 

who are different in respect to the institutions, as spokesmen and stakeholders for the interests of the community and, in 

particular, to lobbies that can influence decision-making and government activity. 

It is no longer acceptable that in Italy lobbying should continue to be an activity without any regulation or, even more seriously, 

an instrument of pressure considered by the most opaque, partisan and often harbinger of corruption crimes. 

In Italy too, a general regulation of lobbying needs to be approved. It would be useful to imitate the experience of other 

countries in which lobbying activities are formally regulated and considered useful to ensure a close link between government 

and legislative action and the real needs of the recipients of this action. In my opinion, this regulation must have two 

fundamental objectives: first of all, to ensure that all non-institutional lobbying actors are equipped with certain requirements 

relating to credibility (a register in which lobbies must be registered), self-financing capacity, political and party independence;  

secondly, lobbies need to put in place and manage contexts in which anyone interested can offer their own shareholding 

contribution, obliging the company itself to sum up the various contributions and devise one or more solutions that reflect the 

views represented as closely as possible. 

The future regulation of lobbying must be guided by transparency. 
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Abstract 

The present study presents a look at sustainability from the perspective of one of principles of corporate governance, 

compliance, using the Brazilian scenario as context. Brazil is experiencing a period when corruption and lack of conformity 

to laws governing good conduct and ethics are common issues in meetings of councils, boards, and partners, and this extends 

to society at large. It is therefore pertinent to discuss how conformity and compliance with regulatory standards expressed in 

bylaws, internal regulations, and the country’s legal institutions can help an organization to be economically viable, socially 

fair, and environmentally correct. The methodology adopted is qualitative, using empirical research conducted at the Siemens 

corporation. The research findings show that the search for better compliance practices at Siemens, combined with awareness 

and acceptance of past mistakes, can be transformed into the understanding and desire to build a new history. This process 

legitimates social objects towards economic, social, and environmental sustainability. 

 

Keywords: Corporate governance, Compliance, Sustainability.  

1. Introduction  

At the present moment a new paradigm of sustainable behavior is emerging, one in which organizations are systematically 

taking into consideration the economic, social, and environmental dimensions of their decision-making. In this scenario, 

functionalist behavior—where the primary objective of organizations is to generate profit for shareholders—is losing space 

(Mackey and Sisodia, 2013). 

This new paradigm does not postulate that organizations should abandon profit generation. Profit is healthy, and besides is 

necessary for the survival of a company. However, profit has ceased to be the main focus and raison d’être of organizations 

and has instead become a consequence. Elkington (2012) argues that the transition to a sustainable capitalism has to do with a 

cultural revolution that involves values, markets, transparency, life cycles of technologies and products, and short- and long-

term tensions. The author also points out that this revolution will take place through organizations, which will exercise 

influence through corporate governance principles. 

In spite of this, the corporate governance concept was not initially analyzed as positively as it is in the paragraphs above. 

Seminal approaches to the notion—not yet dubbed “corporate governance”—included the adoption of rules and procedures 

for decision-making and the basis on which the organization objectives are set, thereby defining the means to achieve the 

objectives and the instruments to monitor performance. And this stems from mistrust of human behavior. 

In the twentieth century, organizations substantially increased their structures. The power of capital, technology, and 

management became evident in transformations of productive processes such as that seen in Ford factories, which in 1908-

1909 sold 10,607 cars, and by 1916-1917 had the capacity to produce and sell 730,041 units. For this to come about, it was 

necessary to increase the physical plant, to acquire inputs and machinery, and to invest in technology. Of course, this requires 

financial resources, and organizations issued shares to capitalize themselves, with the consequence that the capital was 

dispersed in the hands of thousands of shareholders. In order to operate these rapidly growing industries, it was necessary to 
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hire many employees, which made direct management by the owners impracticable. There was a need to hire professional 

managers, and managers soon ascended to power (Rossetti and Andrade, 2015). 

This phenomenon affects the construction of the corporate governance concept, and Berle and Means (1932) realized that 

holders of shares, increasingly began to have a passive relationship regarding management, which has been characterized as 

the so-called divorce between ownership and management. In this reality, managers came to have the power of information 

(information asymmetry) and began to make decisions which were often self-interested, which became known as a conflict of 

interest. 

Conflict of interest is the main input for what was scientifically known as the Agency Theory, as evidenced in the research of 

academics like Spence and Zeckhauser (1971), Alchian and Demsetz (1972), Ross (1973), and Jensen and Meckling (1976), 

who assume that organizations are entities that congregate people with different interests, being a place of imperfect contracts 

in which the interests of the principal (shareholders) and agents (managers) are incongruent and conflicting. 

One of the main functions of corporate governance is precisely the harmonization of interests. It offers guidelines for this, 

insofar as it is a management tool that aims at the perpetuation of organizations, considering the dimensions of sustainability—

economic, social, and environmental—that must be taken in systemic consideration, in decision-making, risk management, 

organizational practices, and models. To do so, it uses principles established by the Organization for Economic Cooperation 

and Development (OECD), which comprises the 35 most developed economies on the planet: 

 

- Fairness: a sense of justice, fairness in the treatment of shareholders, and respect for the rights of minorities, both in the 

increase of the results and in their active presence in general meetings. 

- Disclosure: transparency of information which affects the business—especially that which is highly relevant—involving 

results, opportunities and risks. 

- Accountability: accounts are kept based on best practices and audits. 

- Compliance: compliance with regulatory standards, expressed in the bylaws, internal regulations, and legal institutions 

of the country. 

 

In this sense, corporate governance can function as an instrument to not only monitor and supervise the relations between 

agent and principal, but also for obtaining legitimacy. This refutes the resource dependency view of an organization becoming 

interdependent with the various other stakeholders as a way to increase its attractiveness and promote access to resources 

(Pfeffer and Salancik, 1978). 

This perspective adheres to the German-Japanese model of corporate governance, which has the most explicit and systematic 

recognition of all interested parties, meeting what Parsons (1956) addressed in the 1950’s when he defined organizations as a 

system oriented toward the achievement of specific goals, but which necessarily contribute to the broader social system. The 

author argues that once organizations use resources from the environment, society constantly assesses whether their actions 

are appropriate and whether their products or results are socially useful. 

Considering the contributions of Agency Theory and Resource Dependence Theory, this paper intends to examine the 

convergence between the compliance principle of corporate governance and sustainability, two themes that are presently 

driving the market and society. The research problem we set is therefore: How does compliance address Siemens’ 

organizational practices toward sustainability? 

The work methodology is qualitative and includes a case study carried out at Siemens, Brazil. According to Triviños (1987), 

qualitative research is essentially descriptive, because “the descriptions of phenomena are impregnated with the meanings that 

the environment bestows on them”; because of this, it is framed at the level of cognitive domain of knowledge and domain of 

understanding. 
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2. Methods 

A qualitative, descriptive study was carried out. Qualitative research consists of a set of interpretive practices that make the 

world visible through representations such as field notes, interviews, and records. This means that qualitative researchers study 

things within their natural contexts, trying to understand or interpret the phenomena according to the meanings that people 

attribute to them (Denzin and Lincoln, 2011). 

As for the procedure, the case study was chosen. For Stake (1995), the main difference between the case study and other 

research methods is the researcher’s focus, which is on understanding a particular case in its complexity. According to Merrian 

(1988), researchers often use the case study method when they wish to understand an in-depth situation. 

In order to give consistency to the work, a triangulation was carried out in the research inputs, with the adoption of a literature 

review, documentary analysis, and interviews. Some documents analyzed, such as the Sustainability Report and Compliance 

System, are publicly available on Siemens’s own websites and the UN Global Compact website. Others are private documents, 

provided by the company. Interviews were performed face-to-face, recorded, and subsequently transcribed and analyzed. 

The case choice is due to the fact that Siemens has experienced serious problems due to lack of compliance with laws, both in 

Europe, where the company is based, and in Brazil, where the study was conducted. 

As for the research delimitation, 25 interviews were carried out within the company's headquarters in Brazil, in the city of São 

Paulo, over three days. Staff from various positions and various areas of the firm were interviewed—from analysts to directors. 

The type of interview chosen was semi-structured, with a questionnaire developed and validated by other research on 

compliance and sustainability, especially that of KPMG and ISE – Índice de Sustentabilidade Empresarial (Corporate 

Sustainability Index), from B3 (Formerly BM & F BOVESPA). 

3. Results and Discussion 

Companies can be seen as a complex set of contractual relations between people, individuals, and corporations, serving as a 

legal device for contractual relations. The organization functions as an integrator of conflicting objectives held by different 

actors (Ross et al., 2002). To mitigate conflicts of interest, corporate governance has among its principles compliance with 

regulatory standards, expressed in the bylaws, internal regulations, and legal institutions of the country, known as compliance. 

The history of organizations gives us clear evidence that many of the decisions made by managers are self-interested (for 

example, bonus access), and are not geared to the organization’s collective goals. In this sense, several attempts to mitigate 

these conflicts of interest have been made, which became known as the Agency Costs (Jensen and Meckling, 1976). 

At the end of the 1970s and through the 1980s, theoreticians such as Jensen and Meckling (1976), Fama (1980), and Eisenhardt 

(1989) viewed corporate governance as being focused on the mechanisms and rules designed to align the interests of capital 

owners and corporate managers. These rules cover the procedures for elevating the importance of transparency and 

information. In this sense, corporate governance is a tool that has been gaining space in the quest to legitimize organizations 

(Aras and Crowther, 2008; Kolk, 2008, 2005; Black et al., 2006; Demsetz and Villalonga, 2001; Coles et al., 2001), and the 

studies converge on the recognition that it is a fundamental instrument for the credibility of a company.  

For the OECD (1999), corporate governance is the system under which organizations are directed and controlled. Its structure 

specifies the distribution of rights and responsibilities among the different participants (board of directors, executive directors, 

shareholders) and defines the rules and procedures for decision-making. It also offers support for the establishment of company 

objectives, defining the means for their scope and instruments to monitor performance.  

And as the governance theme became a daily part of organizations, the CEO’s role gained importance within every major 

company. Hambrick and Mason’s theory (1984) can be regarded as the inaugural study about the importance of top 

management, addressing the senior executives’ role and their influence on both strategy and organizational performance. The 
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authors argue that the executives’ attributes are factors that directly influence the making of a strategic decision, affecting 

performance and company success. 

Rossetti and Andrade (2015) present four definitions of Corporate Governance (CG): CG as a relationship system between 

company management, boards of directors, shareholders, and stakeholders; CG as a means of dealing with laws and 

regulations; CG as a power structure, which refers to the mechanisms by which corporations are directed and controlled; and 

CG as a regulatory system, which refers to behavioral patterns that lead to efficiency, business growth, and benefits for 

shareholders (Benites and Pólo, 2013). 

According to the Instituto Brasileiro de Governança Corporativa (Brazilian Corporate Governance Institute, IBGC) (2015), 

corporate governance “is the system by which companies and other organizations are directed, monitored and encouraged, 

involving relationships between partners, board of directors, board of executive officers, supervisory and control bodies, and 

other stakeholders.” Good corporate governance practices aim to translate principles into recommendations, so that interests 

preserve and optimize the long-term economic value of an organization, thereby facilitating access to resources and 

contributing to the quality of management and the longevity of companies, all based on credibility.  

Generating this credibility is needed to implement governance principles and keeping practices aligned with them.  The 

literature suggests four principles to be observed: transparency, accountability, responsibility, and justice (Aras and Crowther, 

2008). The main intention is to create a transparent environment where each party—shareholders, managers, employees, 

suppliers, and society at large—is able to assume its responsibilities and contribute to the company’s growth and creation of 

value (Jamali et al., 2008).  

Thus, in a first approximation, it can be said that corporate governance advocates transparency and respect for the rights of 

minority shareholders, and can be an instrument to induce a virtuous cycle, in that it values economic actors with good 

economic, social, and environmental performance levels (Grun, 2003). The importance of corporate governance is also 

reinforced by its quest to continually improve laws, regulations, and contracts governing corporate operations, thereby 

safeguarding the rights of shareholders and stakeholders in general (Kolk, 2008).  

Corporate governance, therefore, sets the tone for the organization, marking how power is exercised and how decisions are 

made (Jamali et al., 2008). In summary, corporate governance generally revolves around a set of universal attributes, including 

ensuring accountability and creating mechanisms to control managerial behavior; and ensuring that companies are managed 

in accordance with the regulatory aspects that guide them and that take into account the values of stakeholders in a 

comprehensive way, mitigating conflicts of interest (Keasey et al., 1997).  

A value that has been gaining prominence among the expectations of stakeholders is sustainability in corporate governance 

(Elkington, 2012). Leo and Robles (2006) consider that society has come to require information on sustainability from 

companies, leading to the incorporation of economic, social, and environmental aspects in the business community’s reports.  

This perspective can demonstrate that corporate governance is concerned with creating a balance between a company’s 

economic and social objectives, including aspects such as efficient use of resources, accountability in the use of its power, and 

corporate behavior in relation to the environment (Sethi, 2002). 

This movement may be occurring because broad issues such as business ethics through entire chains of values; human rights; 

bribery and corruption; and environmental impacts have become some at the great issues of the 21st century (Elkington, 2012). 

Customers increasingly expect companies to consider human rights in their work practices and to demonstrate stewardship of 

natural resources (Bronn and Vidaver-Cohen, 2009). In addition, employees exhibit greater loyalty to companies when they 

see themselves working for the improvement of society (Aguilera et al., 2007).  

In this scenario, corporate governance can be seen as a synergistic effort by all components of society to generate an 

environment of trust, ethics, and moral values, and has gained great importance in recent years (Elkington, 2012). Two of the 
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main reasons for this surge in interest are economic liberalization, deregulation of industry and business, and demand for a 

new corporate ethos (Joyner and Payne, 2002). One more factor that has been responsible for the business sector’s sudden 

exposure to a new paradigm of corporate governance is the demand for greater accountability of companies before their 

shareholders, customers, and other stakeholders (Bushman and Smith, 2001). 

Therefore, corporate governance and sustainability practices have been typically approached together, and have as their main 

source Bowen’s (1957) work, which laid out a vision of social responsibility aligned with company policies, as opposed to the 

philanthropic approach that the theme carried in the beginnings. In this sense, there is evidence to suggest that organizations 

are more inclined to broaden the base of their performance evaluation from a short-term financial focus to include the long-

term social, environmental, and economic impacts (Hardjono and Van Marrewijk, 2001).   

Elkington began to seriously address corporate governance in his work beginning in the mid-1990s, and it has become an 

increasingly significant component of his work since 1998, the year in which he published Engaging Stakeholders. This two-

volume report to the United Nations Environment Program (UNEP) predicted that corporate governance would become an 

area of increasing pressure on companies (Elkington, 1998). 

Prior to this, in 1994, one of the main generators of convergence of the corporate governance agenda with broader social 

concerns was the design of the triple bottom line, a term that gained strong currency in the late 1990s. Until then, there was 

no language that could so broadly address the inevitable expansion of the environmental agenda, which for sustainability can 

be traced back to 1987. That year saw the release of the Brundland Report titled Our Common Future, which argues that social 

and economic dimensions must be addressed in a more integrated way with economic development (Elkington, 2006). 

According to Elkington (2006), “the better the corporate governance system, the greater the chance that we can build truly 

sustainable capitalism.” The author also argues that a growing proportion of corporate sustainability issues revolve around the 

design of companies and their value chains, business ecosystems, and ultimately, markets.  

According to Cartwright and Craig (2006), the dominant perspectives on corporate governance include: (1) protecting 

shareholders’ rights; (2) ensuring the equitable treatment of all shareholders, including minorities and foreigners; (3) 

recognizing all stakeholders’ rights; (4) ensuring the strategic orientation of the company, effective control of management by 

the board, and the accountability of the board of directors to the company and shareholders. 

 In this way, organizations seek to establish congruence between the social values associated with their activities and the norms 

of behavior acceptable in the larger social system of which they are part.  It seems clear, therefore, that special attention should 

be paid to compliance within the organization’s sustainability practices (Gray et al., 1995).   

The various changes faced by Brazilian companies, especially since the beginning of the 21st century, have brought many 

reflections and prompted new decisions towards an ever more natural adaptation to the rules of business. Thus, compliance 

has become a common issue in the strategic meetings of presidents, directors, and boards of Brazilian companies of all sizes. 

According to the Associação Brasileira de Bancos Internacionais (Brazilian Association of International Banks, ABBI) (2009) 

the mission of compliance is to: Ensure, together with other areas, the adequacy, strengthening, and operation of the 

Institution's Internal Control System, seeking to mitigate risks according to the complexity of its business, as well as 

disseminate the culture of controls to ensure compliance with laws and regulations. As well, acting in the orientation and 

awareness to the prevention of activities and conducts that can cause risks to the image of the institution (ABBI, 2009). 

According to Rossetti and Andrade (2015), compliance means adherence to the regulatory norms that are expressed in bylaws 

and internal regulations, in addition to respecting the laws that govern the country. Negrão (2014), along the same lines, 

discusses compliance as the duty to obey the laws, as well as following the internal and external regulations required to carry 

out the activities of an organization. The results of adopting compliance demonstrate how adherent it is to policies, guidelines, 

standards, regulations, laws, and procedures. 
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Integrity, as defined in the Guide for Brazilian Organizations, means that the company has the capacity to act in line with its 

vision and mission. It is the maintenance of consistency and compliance with the company’s principles and values. Resilience 

means that the organization has the capacity to recover and react whenever its integrity is threatened, whether it in crises or 

critical situations. 

In order to comply with the applicable rules and guarantee its integrity and resilience, it is not sufficient for the company to 

outline in its vision and mission the adoption of ethical conduct, and then passively expect all employees to observe it in all 

their activities, all the time. 

Compliance in organizations is governed by regulations and principles, such as Equator Principles, Brazilian Law 4327/2014, 

Brazilian Law 12.846/2013, Foreign Corrupt Practices Act (FCPA), and the Sarbanes-Oxley Law (SOX). 

Led by the International Finance Corporation (IFC), the financial arm of the World Bank, the Equator Principles involve a 

series of rules for granting credit, ensuring analysis, multilateral discussion, and mitigation of social and environmental impact. 

A bank that becomes a signatory of the Equator Principles will have to demand that its clients exercise due diligence in 

financing large projects or acquiring assets. The objective is to ensure that the financial resources allocated to the operation 

consider sustainability, environmental balance, social balance, and mitigating elements for avoiding accidents. 

In Brazil, another mechanism for establishing organizational behavior is the Law 4327/2014, through which the Central Bank 

of Brazil began to demand that all financial agents incorporate into their business model practices to manage social and 

environmental risks. This involves customers and suppliers, as well as guidance to their own employees, something 

unprecedented in the entire international financial system. Law 4327/2014 implements the concept of analysis, classification, 

monitoring, and due diligence from a socio-environmental perspective to operations with credit characteristics—according to 

the size and complexity of each institution—in order to discourage financial agents from financing operations that may cause 

environmental or social impact. Banks assume this role of co-responsibility with their clients, and before the supervisory 

bodies if it is identified that any socio-environmental problem was generated due to some credit operation. 

Brazilian Law 12.846, signed in August 2013, brought to the national level a legal incentive for instituting compliance policies 

and practices, regardless of the type of organization or corporate model adopted, involving responsibilities of both legal 

persons and individual (directors and administrators). This, together with the “Lava Jato” anti-corruption operation, has raised 

public awareness and led to pressure from society to step up the fight against corruption in Brazil.  

According to the document prepared by KPMG, it is possible to note an increasing number of Brazilian companies interested 

in so-called compliance programs, especially in recent years.  According to the OAB/MG Guide, Compliance Programs 

contemplate a proactive implementation of tools, policies, control systems, audits, and training, followed by actions to ensure 

that employees of an organization will perform their tasks with integrity. The goal is always to ensure adherence to the rules, 

applicable to the business and activities of the company, as well as adherence to its ethical principles and its values. 

The Foreign Corrupt Practices Act (FCPA) is a United States law, created in 1977 and updated in 1998 with the purpose of 

outlawing payments to foreign government officials with the purpose of obtaining or retaining business. The FCPA not only 

prohibits the act of payment itself, but also bars companies from promising or authorizing the payment of money or other 

tender if they know that some or all of it may be used by the recipient for corrupt purposes (The United States Departament of 

Justice, 2017). 

The Sabanes-Oxley Law is an American law created in 2002 with the purpose of protecting investors by improving the 

accuracy and reliability of corporate disclosures made in accordance with the laws of values.  Created by Senator Paul Sarbanes 

and Deputy Michael Oxley, the Sarbanes-Oxley Law enforces the creation of mechanisms for reliable audits and security 

within organizations. As Oliveira (2015) states, this law addresses corporate governance in two ways: the rigorous monitoring 

and auditing of companies’s behavior; and severe punishment for fraudulent acts committed by directors of companies. 
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It is possible to note the correlation between the themes addressed in this research when we look at the SDG, Sustainable 

Development Goals (UN) and realize that compliance is present even at a global level. More specifically, the SDG number 

16, for example, aims at effectively implementing justice and transforming organizations. As two of its goals, this objective 

emphatically addresses: the need to substantially reduce corruption and bribery, in all its forms; and encouraging the 

development of effective, accountable, and transparent institutions at all levels, and ensuring accountable, inclusive, 

participatory, and representative decision-making in all spheres. 

In that sense, the research findings are guided by the research construct, which involves the categories of compliance and 

sustainability of the Siemens company in Brazil. First, however, we will describe the organization under study, and then 

characterize its Compliance Program, which allows a wide view of the practices adopted by the company. 

In addition, the time during which the researcher followed the organizational routine of Siemens allowed a clear observation 

of how much compliance permeates the practices of the company.    

3.1 Siemens  

According to data collected at the organization headquarters and the document “Sustainability Report 2016”, published in the 

year 2017 and available in its printed version during the field survey (interviews), Siemens is a multinational company present 

in Brazil since 1905. Its performance can be characterized by the following business divisions: energy, industry, infrastructure, 

and health. It has approximately 5,000 employees across 12 factories, seven Research And Development (R&D) units, and 13 

regional offices.  

The principles of sustainability—a balance between social, environmental, and economic interests—are addressed in the 

Annual Report, as well as in the statements of some of the respondents. For example, Siemens was the first company in the 

industrial sector to set a goal of neutralizing its carbon footprint: by 2020, reducing its carbon dioxide (CO²) emissions by half 

(out of a total of 2.2 million tons of CO² by 2017); by 2030 it intends to neutralize all its emissions. Through its portfolio, 

Siemens claims that, worldwide, its customers have reduced more than 500 million tons of CO² emissions. 

This point makes it possible to draw a parallel between a policy advocated at Siemens and the UN's global goals, and thereby 

exemplify how the sustainability balance can be achieved through compliance. According to its agreement with SDG 

(Sustainable Development Goal) number 13, “taking urgent action to combat climate change and its impacts” it is possible to 

affirm that the company is committed on its part, especially since the goal has been issued as a public challenge through reports 

and speeches from managers. 

According to the Guia Exame de Sustentabilidade 2017, an important reference in Brazil that evaluates the most efficient 

corporate responsibility practices, Siemens was recognized for its report entitled “Business to Society”. This document, also 

collected during the visit to the company's headquarters in Brazil, uses a methodology based on Agenda 2030 and the SDGs, 

which take into account the impact of its activities on society.  

In order to understand the impact on its stakeholders, and evaluate its role and purpose in society, this report addresses issues 

such as education, job creation, and care for the environment, and refers to being audited by PricewaterhouseCoopers (PwC). 

Interviewee 02, an executive with a high management position in the company, stated the following when asked about which 

Siemens actions are related to sustainability: 

It starts with Siemens’ strategy. We have a strategy defined as 'Business to Society’, i.e. what 

impact the company has on society. Sustainability has to be on the agenda, it has to be the main 

item, it has to be part of the company's strategy. Being part of the company's business strategy, 

a number of other actions will automatically stem from this, from having a sustainability 

program, having a foundation, volunteer program. But I think that is the result of all this. 
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This view of the executive and Siemens positioning are in line with  “tone at the top” by Hambrick and Mason's (1984) 

approach, addressing the importance of the role of senior executives and their influence, both over strategy and the performance 

of organizations.  Speeches by executives and the publication of materials that inform society about the company’s activities 

conform to the approach proposed by Leo and Robles (2006), which addresses society's demands for information on 

sustainability. This form of pressure and expectation leads organizations to publish their practices towards the economic, 

social, and environmental dimensions, as a means of gaining legitimacy. 

A corporate governance structure and its good practices generate a state of social acceptance. As Pfeffer and Salancik (1978) 

described, corporate governance can function as an instrument of legitimacy in a context of an organization’s interdependence 

with its stakeholders, and can even increase its attractiveness in both the consumer market and the financial market. 

Compliance, one of pillars of CG, plays an important role from this moment, and it is interesting to analyze the extent to which 

the concept of compliance is disseminated and absorbed within the company studied. 

Our research shows that for both managerial and analyst-level professionals, the concept of compliance is clear. For 

Interviewee 23, who holds a management-level position, compliance is “acting in accordance with rules and laws. It is to be 

in conformity, not only with the laws, but also with the organization in which one is inserted and participates.” Interviewee 

05, also a manager, was more emphatic, responding that “compliance is integrity.” And for Interviewees 01 and 18, both at 

the analyst level, compliance is “conforming to the broader aspect of the law, standards, and requirements” and “the rules 

manager,” respectively. 

For Siemens, according to the brochure collected on the day of the interviews, compliance means to have transparency and 

business ethics, not just “masks” of honesty, and to defend this the company’s goal is to seek clean business, everywhere, by 

all people, all the time. 

Thus, it is possible to treat the understanding of compliance within Siemens as aligned to the OECD concept: “conformity in 

compliance with regulatory standards.” This legitimizes the concept promoted by Aras and Crowther (2008) regarding the CG 

and the four principles: transparency, accountability, responsibility, and justice. 

It is interesting, even within the concept of CG, to draw a parallel between Interviewee 02 and the contributions of Jamali et 

al. (2008). When asked about the Board of Directors and its commitments to the company, the interviewee said: “The Board 

always notes the question of the company’s profitability, not only reputational, but also of responsibility within the market, 

requiring Siemens to have as part of its strategy the issue of transparency, integrity, and sustainability as key issues on the 

agenda.” Jamali et al. (2008) approach CG in a transparent environment, with a structure and professionals capable of assuming 

responsibilities, contributing to the growth and value creation of the company. 

3.2 Siemens’ Compliance Program 

Compliance can become a foundation for the adoption of sustainability practices, based on the assumption that questions from 

society about organizational strategies can be answered by the legitimization of practices materialized through laws, 

regulations, and guidelines governing the company. 

The implementation of a compliance system can also positively affect the attractiveness of a company (Pfeffer and Salancik, 

1978).  Interviewee 01 was asked whether he believes that the structure and compliance practices affect Siemens’ 

attractiveness: 

Today, a lot. Increasingly, compliance has been the support to attract customers. (...) once a 

month we receive companies or people to learn what Siemens compliance system is since 2006, 

when there was an episode that was the motivator of compliance system from penalties suffered 

until the system was developed and control of practices, which have been changing and the 

maturity of Siemens increasing. Once customers have come to attend these meetings, this 
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creates ties, opens doors. For that possible client that you intend to conquer this is already an 

attractive plus, that the company is reliable, exchanges experience, is open to listen. 

 

This response reflects the premise of this study about the attractiveness generated by the CG and its compliance pillar. CG can 

play an important role in the search for balance between what is environmentally correct and socially just, without neglecting 

companies’ financial results, which remain important items for the survival of companies and the welfare of their employees 

and society as a whole. This influences the image positively to the stakeholders. 

Both the “Annual and Sustainability Report 2016” document and the “Siemens Compliance System” material (collected on 

site and also available on the company's Brazilian website) highlight the pillars that underpin the company’s compliance 

system. According to Interviewee 04, Siemens has built a “compliance program to prevent, detect, and respond that, fortunately 

for the efficiency as it was applied, serves as an example and benchmarking for other companies.”   

 

Figure 1. Siemens Compliance System. 

Source: Siemens documents 

 

The pillars adopted are Prevent, Detect, and Respond (Prevenção, Detecção and Resposta, in Portuguese). For Siemens, the 

first pillar, prevention, is the most important. According to the materials collected, this is exercised through training and strong 

communication. The observation of this pillar is supported by ABBI (2009), which has as a compliance mission “to act in the 

orientation and awareness of the prevention of activities and conduct that can cause risks to the image of the institution”.    

The second pillar, detection, is carried out by several control mechanisms, with the objective of ensuring an adequate 

compliance of procedures and policies, both internal and external. This also reflects ABBI (2009), which defines compliance 

as enforcing internal and external regulations. 
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The third and final pillar, response, addresses the importance of ensuring that immediate actions are implemented if deviations 

are identified. Siemens adheres to the principle of “zero tolerance” for conduct contrary to the culture of ethics and integrity. 

This pillar, as well as the first two, assume that compliance program should contemplate the implementation of tools and 

training, as well as actions that ensure that its employees perform their tasks and take actions in an integral manner. The aim 

is to ensure adherence to the rules, as well as to the company’s ethical principles and values. 

3.3 Siemens Sustainability 

The construction of policies and guidelines for sustainability within an organization does not happen in the short term. At 

Siemens, the policies are already consolidated, which is reflected in the organization's practices. The initiatives on this theme 

are defined by the so-called “Sustainability Board”, a committee composed of company executives, with representatives from 

several countries. The Brazilian representation usually is performed by the CEO in the country. The committee, which is 

coordinated by the Chief Sustainability Officer (CSO), acts through a global network of Sustainability Officers in the business 

and in the countries.  

In Brazil, the main executives participate in a local sustainability committee and are responsible for ensuring that the initiatives 

of the Brazilian branch are aligned with company headquarters in Germany and global strategies. 

In terms of its global performance, it can be said that Siemens is a company committed to the issue of sustainability. This 

statement is based on the fact that the parent company has been a signatory since 2003 of one of the largest business initiatives 

in the world: the UN Global Compact. This initiative was created to encourage the adoption of business practices incorporating 

fundamental and internationally accepted values, such as human rights, labor relations, environmental care, and anti-

corruption. 

In addition to the German headquarters, five other subsidiaries of the company are also signatories of the Global Compact, 

including Siemens Brazil, which has been a member since 2015. 

Table 1: Siemens AG (parent company) and its subsidiaries with the dates of entry into the UN Global Compact 

Name Type Sector Country Joined On 

Siemens Ltda Company 

Electronic & Electrical 

Equipment Brazil 29/01/2015 

Siemens A.E., Greece 

Small or Medium-sized 

Enterprise 

Electronic & Electrical 

Equipment Greece 26/03/2012 

Siemens d.o.o. 

Small or Medium-sized 

Enterprise 

Electronic & Electrical 

Equipment Slovenia 14/09/2009 

Siemens, S.A. Company 

Technology Hardware & 

Equipment Spain 11/10/2006 

Siemens Gamesa 

Renewable Energy, S.A. Company Alternative Energy Spain 02/02/2005 

Siemens AG Company 

Technology Hardware & 

Equipment Germany 26/11/2003 

Source: www.unglobalcompact.org/what-is-gc/participants/ 

However, according to interviews conducted within the company, the sustainability concept differs between the concepts 

addressed in this research and even among employees - unlike the compliance concept. 

While national and international laws and standards and procedures governing good practices in a compliance program are 

well disseminated and absorbed by Siemens' employees, the same cannot be said about SDG, the best practices governing the 

pursuit of sustainable development within companies. Only 12% of respondents knew what the acronym “SDG” means. 

However, when asked about the concept of sustainability, many answers were offered. Interviewee 03 said, “the first thing 

that comes to mind is something that has continuity.” However, Interviewee 20 described it as “doing non-harmful actions,” 

and for Interviewee 23 “sustainability is the maintenance of the process.” 
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For Interviewee 15, “(...) sustainability has three pillars: social, environmental, and economic ones. To be sustainable, a 

company must balance these three pillars.”  Interviewee 25 described the concept of sustainability as “ensuring the continuity 

of the three pillars: environmental, social, and economic”, which closely approximates the concepts used in this research. 

According to the Brundland Report and Elkington (2006), the concept of sustainability addresses the social, environmental, 

and economic dimensions in an integrated way, in search of development that takes into account an intergenerational pact—

meaning that the use of materials and natural resources to meet the needs of the present generation does not call into question 

the well-being of future generations. 

It should be emphasized that—as suggested in the title of this paper—it is clear that compliance can be treated as a path that 

facilitates the search for sustainability. Even if this is not well understood by the company professionals who took part in this 

study, it is necessary to highlight, by analyzing the practices and their results, that sustainable development should always be 

an objective of an organization such as Siemens. 

Since 2015, the German conglomerate has been included in the list of the most sustainable companies in the country, within 

the electro-electronics category, in Exame magazine's “Exame Sustainability Guide”. Much of this prominence can be given 

to the pillars that support Siemens' “governance of sustainability,” which are: fostering business through the environmental 

portfolio; recognition by the model of corporate citizenship in Brazil; commitment to environmental protection and local 

regulations; and being a reference in sustainability. 

There is then a highlight to the third pillar, which deals with how important compliance should be to the pursuit of 

sustainability. Siemens' governance of sustainability has a commitment to protecting the environment and complying with 

local regulations governing its operation. 

In this context, Interviewee 02, when asked about premises for a consolidation of compliance and sustainability practices 

within Siemens, addressed the need for education and cultural change as fundamental points. To consolidate these practices, 

“a better education of the executives, so that they are responsible for the company’s impact on society, is elementary.” To this 

end, Siemens insists on working “on the issue of sustainability and social responsibility, not only in the short term, but in the 

long term, within the company, implementing systems, controls, processes,” the manager added. 

This policy is in line with the search for congruence between the social values linked to activities, and norms within a larger 

social system, as put forth by Gray (1995). According to the author, this should be part of corporations’ agendas, giving rise 

to compliance within the organization’s sustainability practices. 

4. Conclusions 

Corporate governance and sustainability are essentially interrelated issues, as every business faces an increasing number of 

non-financial risks. Introducing the concept of sustainability into a company requires changes in the organizational culture, 

beyond just creating policies and processes. As the success of the introduction of social, economic, and environmental 

responsibility is organically felt, the company changes its way of acting and making decisions, and consequently its 

contribution to and relation with society. 

Recent cases of corruption in Brazil, such as Petrobras and Odebrecht company, show how the collusion between companies 

and politicians has the power to absorb billions of dollars in revenue from national economies, benefiting a very few people 

to the detriment of the many. This type of systemic corruption violates human rights, prevents sustainable development, and 

feeds social exclusion.  

On the other hand, corporate governance continually seeks to improve the laws, regulations, and contracts that govern 

corporate operations, and ensure that the rights of shareholders and stakeholders in general are safeguarded. This is consistent 

with the objectives of the present study, which proposes to extend a theme that is present in daily Brazilian life, where cases 
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of misuse and mismanagement of money (public or private) result in the loss of trust in institutions, and enrage a large part of 

the Brazilian public, regardless of race, age, social class, or political party. 

Along the same lines, the sustainability theme values organizational practices that take into account what is economically 

viable, socially just, and ecologically correct. The convergence of these elements brings up an unusual discussion: how 

compliance can be effective in the pursuit of sustainability. The research showed that the Siemens in Brazil is a benchmark 

for the adoption of good compliance practices, and it was possible to demonstrate the effects of the compliance duly 

disseminated within an organization as a means of balancing the sustainability pillars. 

This study demonstrates that the process of pursuing compliance best practices at Siemens has been strengthened with the 

acceptance and awareness of past mistakes, and the transformation of this into understanding and desire to build a new history. 

This process legitimizes social objects towards sustainability, considering economic, social, and environmental dimensions. 
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Abstract 

The global economic crisis has highlighted the importance of high levels of technology and innovation.  

Innovative enterprises, achieving rapid growth, attracting international investments and representing a driving force for 

sustainable development — understood as the ability to cope with the environmental, economic and social changes — have a 

broad impact both on overall productivity and on new job opportunities. Indeed, the innovative business activities, seeking 

alternative solutions, favour social challenges and help strengthen the thesis that sustainability may generate competitive 

advantages for companies. 

The more a Government wants to ensure the birth, survival and competitiveness of innovative and sustainable firms, the 

better it has to diversify and reinforce the national entrepreneurship ecosystem. A suitable solution is to develop new rules 

that support them.  

According to theoretical studies and empirical approaches, there is a link between taxation, development and sustainability. 

This view considers that profitable fiscal policies addressed to sustainability can achieve both resource efficiency and 

competitiveness. Besides, it explains why Italian Government — initially with the Decree-Law no. 179/2012 on “Further 

urgent measures for Italy’s economic growth”, converted into Law no. 221/2012 and then with several other actions, during 

the last six years — has designed and implemented a long-term and manifold strategy. It also has been careful to consider 

those firms that pursue a social goal or operate in the energy field. 

In line with the previous assumption, tax rules represent the most important part of the reform. They consist of a set of 

advantages and incentives that, if conferred to undertakings by national public authorities, have to comply with the European 

Union's State aid rules. 

Their potential is, also, emphasised by the provision of a work for equity scheme and of a regulatory regime of crowdfunding 

and by the interaction with measures like the Patent box, the Research and Development tax credit and the Allowance for 

corporate equity.  

In this paper, we try to fill the existing gap in the Tax Law Italian literature on the synergy between the new tax incentives, 

development and sustainability, with the aim to frame the role of Italian tax policy in support of innovative entrepreneurship. 

Indeed, the Government has contributed in ensuring their growth due to a “progressive combined action”, not incurring the 

European ban on State aid.  

The scientific methodology chosen to develop the research includes the following essential steps.  

Initially, we analyse the Italian legislation to verify why it is compatible with the European rules. Next, we highlight its 

remarkable outcomes.  

The previous steps allow us to underline the importance of the legislation, in terms of innovation and sustainability, and to 

formulate valuable suggestions for European policymakers and entrepreneurs.   

These rules started to work better as soon as the Italian Government has periodically introduced some changes while 

evaluating their performance in connection with the market response. Consequently, future research could investigate further 

solutions for enhancing the effort done. It could, also, deepen the effectiveness of similar measures chosen by the other 

Member States.  

 

Keywords: Entrepreneurship, Innovation, Sustainability, Tax policy, State aid 

1. Introduction  

Innovation is a key factor both in fostering new businesses and revitalising existing ones, especially during an economic 

crisis. It helps long-term new product development, growth and lasting prosperity.  

Promoting a strong innovation ecosystem is an achievable purpose for national policies, but only if Government and all the 

others economic players involved take part in it (Wong et al., 2005; Mason and Brown, 2014).  

Innovation also plays a crucial role in achieving synergies between social and economic performance. It allows new firms to 

develop new methods; to explore alternatives resources; to attract long-term and large investments in tangible and intangible 

assets; to set up new sectors and new lines of production (Antonelli and De Liso, 1997; Nidumolu et al., 2009).  

Furthermore, sustainable development goals and an appropriate coordination of the tax policy are enabling factors affecting 

the birth, survival and business performance of innovative firms.  
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Although it is a recognised fact that the strong version of the so-called Porter Hypothesis (Porter, 1991; Porter and Van Der 

Linde, 1995), which affirms the relationship between sustainability and business performance, requires empirical evidence, 

many authors agree that natural resources availability and their potential utility increase the competitiveness and boost 

economic growth (Esty 2001; Ederington, 2010).  

The previous link is, also, confirmed by the European Commission (European Commission, 2010). Recently, the Institution 

(European Commission, COM 2016, 733 final) has faced the absence of a well-formulated strategy enabling innovative 

enterprises to birth and growth. And it has suggested Government to pay attention, especially, to tax schemes and incentives 

for investments into startups.  

The connection between taxation system, sustainability, growth and economic development is, essentially, clear (Musgrave, 

1959; Tanzi and Zee, 1997; Cottarelli and Keen, 2012): it consists of using the tax system to promote macroeconomics 

stabilisation, improve resource allocation, enhance total factor productivity and address distributional disparities.  

According to recent literature findings (Djankov et. al., 2010; Salman, 2014), high personal and corporate tax rates have a 

negative impact on starting a new business: consequently, they lead to a decrease in economic activity. Moreover, the aim of 

increasing tax competitiveness requires to enact clear rules; to simplify the variety of exploitable legal forms; a focus on 

financing methods; the efficiency of tax structure (Lindholm-Dahlstrand and Stevenson, 2010; Elert et al., 2017).  

Therefore, tax incentives play a fundamental role if countries need to reinforce the conditions that could create a profitable 

local system of entrepreneurship and innovation: they usually consist of tax deductions or similar measures like a lower tax 

rate to reduce the overall tax burden of investors and of innovative firms (Bagarotto, 2015). 

The Italian Ministry of the Economic Development — with the support of the Council of Ministers of the European Union 

that had suggested1 (EU COUNCIL 2012) to develop a legal framework of the innovative entrepreneurship — issuing the 

Decree-Law no. 179/2012 on “Further urgent measures for Italy’s economic growth” converted into Law no. 221/2012, has 

provided a set of measures for streamlining the procedure to set up and to help the growth of startups with a clear character 

of technological innovation.  

It is a matter of fact that policymakers have a key role in promoting economic development through an appropriate industrial 

policy: the Italian traditional scheme had to be replaced by new models based on an "industrial strategy" suitable for 

enhancing private and public investments and for increasing the demand for good and services. Therefore, the aim of this 

new legislation is shaping a business ecosystem that is increasingly appealing to this kind of firms. 

The strategy  — as a "synthesis" of various enabling factors like innovation, sustainable development and profitable fiscal 

policies — can considerably impact the business and the outcomes of the innovative firms, favouring the achievement of a 

better quality of life and environment (Mason and Brown, 2014).  

Coherent with this context is the tax policy that pays particular attention to a proper distribution of income and wealth. For 

instance, the Italian Government favours innovative startups with a social goal or developing and marketing only innovative 

products or services with a high technological value in the energy field. These firms are assumed to produce, at the same 

time, social and economic value2. The new rules outlined before also apply to certified startup incubators that offer services 

to support the birth and development of innovative startups.  

                                                      
1 In July 2012, the actions promoted by the Italian Government were expressly welcomed by the Council of Ministers of the European 
Union. The Institutions has recognized them as generators of growth, technological development and youth employment. In particular, two 

recommendations were formulated about start-ups: in the number three Italy was expressly encouraged to favour the creation of start-ups, as 

important entities contrasting the issue of youth unemployment; the number six on simplification of the regulatory framework and on the 
financing methods of beginning companies. 
2 According to article 2, paragraph 1, of the Decree-Law n. 155/2006, these are the social areas involved: social work; healthcare and social 

care; education and training; environmental protection; promotion of cultural heritage; social tourism; undergraduate and post-graduate 
education; cultural services, non-academic training; services for the social enterprises.  
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Afterwards, with the Decree-Law no. 3/2015, known as "Investment Compact", Italian Government decided to extend some 

incentives to innovative small and medium-sized enterprises (hereinafter SMEs), considering that Italian industrial structure, 

if compared with other industrialised countries, consists of an exceptionally high part of this sort of enterprises. The choice 

is reasonable because it involves companies that, after the start-up phase, keep up a clear innovative and technological 

nature. Moreover, the Member States with higher levels of entrepreneurship are often less successful than others at helping 

new enterprises to grow simply as they neglect to take into account their peculiarities. 

The Italian reform, as a whole, mixes several policy instruments: contribution for the acquisition of property, plant and 

equipment; credit lines granted to innovative projects based on the use of industrial property rights; more flexible labour 

laws; facilities of access to financial sources; exceptions to bankruptcy.  

Nevertheless, in the explicatory report attached to the decree-law n. 179 of 2012, the legislator underlines that strengthening 

the growth and the inclination to invest in innovative start-up companies is "a priority to try to foster a climate favourable to 

their development, increasing their ability to attract private capital, thanks to the tax leverage". Indeed, the most profitable 

rules are incentives and exemptions in favour of innovative enterprises and investors, placed side by side with work for 

equity schemes for workers and consultants and with access to crowdfunding.  

However, it is worth to notice that, if the Member States decide to introduce new rules which provide benefits in favour of 

certain undertakings, they have to assume the risk of incurring European Union State aid rules.  

2. Methods 

The chosen scientific methodology to achieve the objectives of the research consists of two steps. First, we have to clarify 

how the fiscal policy based on incentives for innovative entrepreneurship, set up by the Italian Government, has succeeded, 

at the same time, in obtaining remarkable results and in respecting the European rules on State aid. Secondly, we have to 

emphasise purpose and significance of the study: the framework, indeed, can serve as a model, even if perfectible, for 

European policymakers developing fiscal policies with the same goal of growth and sustainability of the business ecosystem 

and as an inspiration for enlightened entrepreneurs.  

The Treaty on the Functioning of the European Union (hereinafter TFEU) imposes a general prohibition of State aid and, on 

it, the European Court of Justice is strictly vigilant (Del Federico, 2006; Boria, 2015; Miceli, 2015).  

Tax incentives need to comply with article 107, first paragraph, of the TFEU. It provides that "any aid granted by a Member 

State or through State resources in any form whatsoever which distorts or threatens to distort competition by favouring 

certain undertakings or the production of certain goods shall, in so far as it affects trade between the Member States, be 

incompatible with the internal market".  

Nevertheless, measures satisfying these criteria, in certain circumstances, can fall within some exemptions or they can be 

declared compatible with the internal market3. Thus, if a Member State has serious doubt about the aid's compatibility with 

the Eu rules, it has to notify and suspend it until the Commission decides. The Member States are, indeed, not allowed to put 

the measure into effect until the final decision (standstill clause).  

                                                      
3 Three categories of aid shall be compatible with the Internal Market: (a) aid having a social character, granted to individual consumers, 
without discrimination related to the origin of the products concerned; (b) aid to make good the damage caused by natural disasters or 

exceptional circumstances; and (c) aid granted to certain areas of the Federal Republic of Germany affected by the former division of 

Germany, in so far as such aid is required as a compensation for the economic disadvantages caused by that division. Then, five categories 
of aid may be considered to be compatible with the internal market: (a) aid to promote the economic development of underdeveloped areas 

of the EU (with abnormally poor living standards or high levels of unemployment); (b) aid to promote the execution of an important project 

of common European interest or to remedy a serious disturbance in the economy of a Member State; (c) aid to facilitate the development of 
certain economic activities or areas (provided it does not adversely affect trading conditions to an extent contrary to the common interest); 

(d) aid to promote culture and heritage conservation (again provided it does not affect trading conditions and competition in the EU to an 

extent contrary to the common interest); (e) such other categories of aid as may be specified by decision of the Council on a proposal from 
the Commission.  
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The Italian Law no. 221/2012 includes at the same time, two types of measures for the support of the innovative startups.  

It provides specific incentives and exemptions to the innovative enterprises, to grant them the necessary amount of capital to 

start their activities successfully.  

Innovative startups, certified incubators and SMEs do not pay: stamp duty; fees collected because of the obligation of 

entering the Business Register; the annual fee usually owed to the Chambers of Commerce except for the SMEs. They are, 

also, exempted from rules about non-operational dummy companies4 and companies reporting systematic losses, both 

subjected to a higher level of taxation based on presumed earnings. Instead, at certain conditions and terms, startups and 

SMEs can transfer tax losses incurred in the first three fiscal years of activity to their holding company, if the transferee is a 

company listed on an EU/EEA regulated market or controlled (directly or indirectly) by a company listed on an EU/EEA 

regulated market. The intention to support the growth of these enterprises, therefore, justifies the exception created by the 

legislator.  

In addition, to foster loyalty among management, employees and suppliers like lawyers and accountants, the innovative 

firms may apply the stock options and the work for equity scheme, offering them capital shares by way of additional reward. 

The revenues resulting from these financial instruments are tax-deductible for both fiscal and contributory purposes. It is, 

also, provided with a tax credit amounting to 35% of the expenses sustained by the company, in case of hiring highly 

qualified workers.  

Tax incentives for those who invest in Startup, certified incubator and SMEs represent the other side of the medal. 

Individuals receive a 30% tax allowance that they may deduct from their total income of the eligible investments, for an 

amount not exceeding € 1,000,000 in any tax period; Companies can benefit of a same percentage tax base reduction, for an 

amount not exceeding € 1,800,000 in any tax period. Those incentives work if the investment is kept for at least three years 

and operate both in case of direct and indirect investments by means of other companies, such as Collective Investment 

Undertakings.  

Furthermore, Italy was the first European Country to develop a regulation on equity crowdfunding, only referred to 

innovative start-ups and to SMEs (Laudonio, 2014). Crowdfunding is a way to promote a new opportunity for access to 

financing methods alternative to the traditional bank loans. Choosing the equity-based crowdfunding5, the investor expects a 

financial reward for its investment consisting of dividends received from shares, royalties of intellectual property rights or 

revenue from bonds and other securities. This model, also, assures all the economic and administrative rights, that derive 

from holding shares in the company (Vitali, 2014; Rossi 2014). It is important to notice that who adopts crowdfunding 

transactions enjoys all the incentives provided by the start-up rules. 

The Italian Government has worked constantly monitoring the outcomes of the introduced measures, amending them, 

multiplying their benefits allowing their osmosis with other facilities operating in favour of Italian enterprises (figure 1).   

All these efforts have been coordinated by the actors of the reform to support the national business ecosystem and to increase 

its development. 

                                                      
4  The rules establish to relate earnings to assets, calculate a presumed minimum income and compare predicted minimum earnings with 

effective results. 
5 The equity-based model of crowdfunding is a real collection of social capital: it determines, against the investment, realized through the 
payment of money, the appointment of a shareholding in the capital of the company and of the status of a shareholder, as well as of the 

related patrimonial and administrative rights.
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Figure 1. Incentives joined with other measures. 

The Tax credit for research and development activities provides a 50% tax credit for incremental investments, up to EURO 

20 million per year for each beneficiary. Investments considered for the tax credit are those related to basic research, 

industrial research and experimental development: the hiring of technically qualified staff; research contracts with 

universities; research institutes; enterprises; start-ups and innovative SMEs; depreciation of laboratory facilities; technical 

skills; industrial property rights.   

The so-called Patent box regime offers to those who choose to invest in startups by increasing the role of intellectual 

property the opportunity to get a 50% exemption from overall income of profits coming from the direct/indirect use of 

intellectual property and industrial patents. 

The Allowance for corporate equity provides for a notional interest deduction based on the annual increase in equity of the 

taxpayer. The incentive, due to the reduction of the tax advantage of debt, encourages investments in new equity promoting 

the recapitalisation of companies. 

The Super and Hyper depreciation allows companies investing in new tangible assets to deduct an extra amount in case of 

purchase (or lease) of new technological assets such as digital-controlled machines, equipment and so forth, acquired in 

order to atomise and digitalise enterprises. 

The New Sabatini guarantees to SMEs financial contribution for the purchase of such assets.  

All these measures comply with the new rules provided for startups and SMEs: their joint operation amplifies the global 

effects.    

Having outlined dynamics rules adaptable to market response and market failure, the Italian authorities submitted the 

scheme of the new legislation and its following amendments to the European Commission. Indeed, the measures, introduced 

in 2012 and later revised, have been newly modified and converted from temporary to long-term from 1 January 20176, 

according to the latest decision of the European Commission C (2017) 4285 final.  

                                                      
6 Italy's budget law for 2017 (Law 11 December 2016, no. 232) makes a number of significant changes to the incentives. 
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Based on the above arguments, to better illustrate the results that we want to underline, the second step is commenting them 

and pointing out the recognisable contribution given by the legislation and characterised by synergistic and frequently 

updated actions. 

The comprehensive evaluation of the outcomes of the incentives policies carried out by the Italian Government is based on 

two kinds of reports: the Annual Report To Parliament on the implementation of legislation in support of innovative startups 

and SMEs, that every year the Italian Ministry of the Economic Development presents to the Parliament; the quarterly report 

of the Italian Chamber of Commerce, periodically drafted to highlight and measure the social impact of innovation activities. 

3. Results and Discussion 

We have started the paper underlining that the substantial and remarkable success of the innovative entrepreneurship plan 

implemented by Italian Government is ascribable to the adoption of dynamic policies that have been constantly monitored 

and considerably changed, in line both with the market feedback and the European State aid rules.  

Initially, the introduced incentives were temporary and characterized by stringent requirements. So, it was easy to obtain the 

approval of the European Commission.  

The Italian authorities on 21 August 2013 notified, in accordance with Article 108(3) of the TFEU, the scheme of State aid 

measures to promote risk capital investments in innovative startups.  

The Commission found that tax incentives for investments in innovative start-ups constitute State aid in the sense of Art. 

107(1) of the TFEU. However, it concluded to "do not raise any objections to this measure" as State aid "compatible with the 

internal market pursuant to point (c) of the first paragraph of Article 107 of the TFEU", on the basis of "Community 

guidelines on state aid to promote risk capital investments in small and medium-sized enterprises". More specifically, these 

are "aid intended to facilitate the development of certain activities or of certain economic regions, provided that they do not 

alter the conditions of trade to an extent contrary to the common interest". The Commission has approved the measures with 

the decision of 5 December 2013 C (2013) 8827 final.  

Due to this legislation, a cultural and social change of mind in the Italian entrepreneurial ecosystem was perceived by the 

insiders: indeed, it has enforced flexibility, dynamism, cooperative evolution, all factors enabling its sustainable 

development. 

Despite the new rules had significantly contributed to the driving force of the reform, it soon became clear that a policy 

enhancement was necessary.  

As mentioned before, the decision to extend to the SMEs the incentives provided for startups and certified incubators was 

the first step in improving the policy. Nevertheless, monitoring the market, Italian authorities perceived some failures in the 

new policy and understood that it was necessary to address it while providing a strengthening. Thus, the Government 

decided to gradually reinforce the benefits of the policy. The task force charged evaluated the rules and established some 

corrections to enforce their potential.    

One of the most important goals of the reform is encouraging investors to commit their capital to innovative 

entrepreneurship. Consequently, the tax incentive for individuals has gradually been raised from an initial 19% to the current 

30% and the tax base reduction from corporate tax from 20% to 30%. Furthermore, as underlined above, Italian Government 

has requested twice an extension of the existing scheme's deadline and, at last, it has obtained to prolong it until 31 

December 2025.  

The Italian authorities are careful to notify every amendment to the existing scheme to the European Commission. The 

Institution has, so far, recognised the appropriateness and proportionality of them and has found the opportunity of their 

approval. Substantially, it has acknowledged the Italian efforts to perform a dynamic reform based on some fixed measures 
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and others amendable, with the extent to focus on the needs of the market: after all, there is an extensive margin success of 

the policy, although the intensive margin, extremely positive, has to be constantly monitored and improved (De Angelis, 

2017).  

The European Commission's conclusions are coherent with its recent guidelines: as previously mentioned, the Institution has 

recommended that the Member States should strengthen all the key elements that highlight the growth of a business 

ecosystem in which innovative enterprises can flourish. 

The ability of the Italian Government to outline an incisive and adaptable intervention, according to the indications provided 

by the European Union authorities, derives from the data collected during the years following the application of the first 

scheme (Giraudo et al., 2016). Policymakers and experts have designed a well-developed system for monitoring the 

achievement of policy goals based on an annual exchange of views with the Parliament and on a sectorial quarterly report. 

This double action on the outcomes, also, allows them to identify strengths and weaknesses and to make necessary 

adjustments. 

The analysis of the documents, periodically revised, shows that the startup companies registered in the special dedicated 

section one year after the introduction of the policy were 23% more than in the previous year and the trend has risen during 

the following years peaking at 35% in December 2014.  

At the end of 2017, a 6,8 % there was a quarterly growth and an increase of 46% compared to the end of 2015.  

The rate of the business survival of the firms registered is positive: in 90% of cases, the businesses were still trading three 

years after they were introduced.  

55,2% are established in the North of the Country. With regard to sector distribution, startups operating in the services 

represent 70,9% and the clearly prevalent activities are those of information and communication services. It is well-known 

that they are considered more environmentally sustainable than pure product manufacturing due to their ability to replace 

physical products (Porter and Heppelmann, 2015). 

In the midst of these, we find the firms that pursue sustainability, intended as innovative startups with a social goal and 

business that develop and market innovative products or services of a high technological value in the energy industry.  

Furthermore, the percentage of female business owners is between 15% and 30%, arising for women who are under 36 years 

of age; nevertheless, there are 3,592 innovative startups (42.8% of the total) in which at least one woman is present in the 

company. Startups mainly owned by the under-35s represent 22.3% of the total.  

Looking at the economic performance of innovative startups, the average value of production has grown at more than double 

in the last two years. In terms of employment, innovative startups express a total workforce of 34,120 people, an increase of 

13.5% compared to 2016. By analysing the human capital employed, it is possible to notice that a percentage between 25% 

and 30% have a prevalence of young workers. Not different is the outcome of the analysis about innovative SMEs which 

reveals that on June 30, 2017, they were almost three times more than the last year. 

Deepening the synthesised data, it emerges that Italian innovative entrepreneurship policies are positively affecting the 

business ecosystem and are enabling the flourish of innovative startups and the development of the existing ones.  

However, a more realistic approach has to consider the effectiveness of the implemented policies by emphasizing some key 

factors. 

Tax incentives play a fundamental role in this performance. Taking into account the tax allowance and the tax base reduction 

granted to investors is a fact that tax leverage could encourage investors to give preference to the transfer of risk capital, 

compared to debt (which generally ensures a better reward as interest). It also allows the enactment of growing business 
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projects as innovative start-ups. Indeed, as underlined above, investments in innovative start-ups are growing. And the 

growth of investments means the increase of the demand for goods and services.   

Nevertheless, this new way found by the Italian Government to promote growth and productivity influences other relevant 

factors.  

Turning attention to employment, with regard to the provisions in favour of the innovative firms in itself, it is clear that the 

contribution of those relevant for workers is interesting, not only in terms of convenience of the incentives but also to the 

achievement of a national ecosystem of innovative entrepreneurship with a remarkable view of employment, thanks to the 

involvement of those who carry out their activities within start-ups, incubators and SMEs, due to the work for equity 

scheme. Its national appreciation rate is significant (13%). Besides, it creates an interconnection between the business 

structure and who, being involved due to the shares held, in various ways, contributes to guaranteeing its development, 

taking care of its maintenance and growth.  

Another crucial element is crowdfunding: the alternative financing method provides profitable conditions in favour of the 

venture capitalist investing in innovative firms and highlights significant outcomes in encouraging their birth. Indeed, the 

reward is untaken into account in an income perspective, for taxation purposes. Moreover, although the European Union Vat 

Committee, in October 2015, developed some guidelines (taxud.c.,1, 2015, n. 576037) on Vat implications (Merkx, 2016), 

these are not legally binding decisions and Member States are free to adopt rules on this topic, following, more or less 

closely, such guidance (Boria, 2015). Nowadays Italian Government finds that Vat rules for crowdfunding are unnecessary. 

It is a fact that the access to equity crowdfunding in order to invest in start-ups and SMEs is substantially increased, doubling 

the number of the whole 2016 in just the first semester of 2017. 

After having identified specific performance indicators, it is possible to use them for benchmarking the effective outcomes 

of the fiscal policy, side by side with the data officially registered.   

4. Conclusions 

As explained by the Ministry of Economic Development Carlo Calenda in the last "Annual Report to Parliament on the 

implementation of legislation in support of innovative startups and SMEs - 2017", although they are still far from 

international benchmarks, these enterprises are increasingly strategic for the economic development of the country: they 

have doubled their number in the last two years; they account for over 2 billion Euro in total turnover and they offer about 

50 thousand jobs. 

These outcomes are ascribable to Italian legislation, recognised as one of the most internationally advanced in a European 

context for innovative business support strategies, and to Italian Government that continues the work to improve the 

regulatory framework for innovative entrepreneurship by boosting the national system for business.  

A cultural change is taking place in our country and it offers to young Italians an alternative path for their future. Incubators, 

accelerators, labs and university startup groups arise everywhere in Italy and the amount of foreign capital invested 

significantly grows.  

The Italian business ecosystem is now full of new firms whose management has planning abilities, the capacity to face the 

challenges of the European Union market, competitiveness and attitude to attract international capital.  

It is well-known that the main problems with developing an innovative enterprise are access to financial resources — 

especially in the early stage — and taxation. These were, from the beginning, the two crucial points of the legislation 

introduced by the Italian Government. Indeed, showing a long-term strategy, to make sure that tax incentives and facilities 

for investors introduced express all their potential, Italian policies focused on enhancing tax incentives to equity investors, 

according to European state aid rules, is today a flagship based on a synergic action: as a matter of fact, it consists in 
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strengthening tax credits for investments in research and development; simplifying the administrative procedures to start an 

innovative business and to invest in it; popularising the benefits of crowdfunding.  

The remarkable outcomes synthesized in the previous part of this paper have enabled us to underline the constructive 

elements of the policy and to confirm that supporting innovation contributes to ensuring sustainable development.  

For this reason, the Italian experience, in the last six years, can help European policymakers that are planning to adopt 

measures to promote and support innovative and sustainable entrepreneurship, in helping their creation, development and 

expansion. 

Considering that these policies have started to work better as soon as the Government, evaluating their performance, has 

periodically introduced some changes reacting to the market response, future research could investigate appropriate further 

measures that can strengthen the Government's efforts. A remarkable strategy might be to cut some percentage points of the 

tax rate on corporate profits of the innovative firms or to introduce a flat rate for innovative start-ups, certified incubators 

and SMEs. It is, also, important to deepen fiscal policies to improve incentives in favour of the South of Italy: it is an 

essential expedient to balance the geographical allocation of the Italian startups.  

In conclusion, another area worthy of further investigation could be an in-depth analysis of the policies of the Member States 

which have obtained better outcomes due to the adoption of similar measures in line with the State aid rules.   
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Abstract 
Multilateral Environmental Agreements - MEAs (or “Environmental Conventions”) are indispensable legal frameworks for 
environmental sustainability and regularly also defining the operating rules of their implementation bodies. MEAs 
themselves show a variety of normative structures from framework conventions to rather “one-fits-all”- agreements. The 
functions of their executive units, usually called “Secretariats”, also differ widely. The contribution assesses in how far these 
functional norms differ and also reflect on actual functions for three MEAs, namely 1) the Convention on International Trade 
in Endangered Species of Wild Fauna and Flora-CITES(1973), 2) the Convention on Biological Diversity–CBD(1992), and 
3) the Convention on Migratory Species–CMS(1979). It does so by comparative legal interpretation of the main norms of 
these MEAs laying down the functions of its respective Secretariats as well as an in-depth review of academic literature about 
these functions. It is in particular analyzed whether certain functions appear in all or only some of these agreements and to 
which extent the particular formulation of a certain function provides discretion to the respective Secretariat. A particular 
focus lies in exploring the reasons for differences observed. The results for these three conventions are presented according to 
nine functional areas and show a wide range of different functions laid down in the conventions as well as an extensive 
variety in the discretion for many of these functional areas. Potential explanations of these formal differences are provided. 
The findings also indicate that actually executed functions may not be fully covered by the underlying legal norms but by 
rather “flexible” highest governing bodies of MEAs. The contribution also presents some limiting factors of the current study 
and concludes in particular by criticizing the unusual legislative style in these MEAs regarding defining functions of rule-
making as well as by providing some hints towards future research directions. 
 
Keywords: convention, secretariat, function, discretion, difference 
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1. Introduction 

The wide range of understandings of governance has been already demonstrated (see e.g. Bevir 2009) and its context with 

environment and sustainable development is widely recognized (Zoeteman et al. 2005; Chambers and Green 2005, Techera 

2012, Mauerhofer 2013). This chapter considers global environmental governance broadly as continuous worldwide complex 

of procedures and results in a multi-level interplay among different institutions and actors including organizations in space 

and time concerning natural assets. Organizations and individual actors are understood in this context as “players of the 

game” while institutions such as law constitutes the “rules of the game” (North 1990 p. vi; see also Faundez 2016). In terms 

of organizations as actors, UN Environment (former United Nations Environmental Program - UNEP), the United Nations 

Educational, Scientific and Cultural Organization (UNESCO) and the Food and Agriculture Organization of the United 

Nations (FAO) are particular relevant in the biodiversity context (Jardin 2010, Mauerhofer and Nyacuru 2014, Rosendal and 

Tvedt 2015). Similar is valid for the - under their aegis adopted and administered - Multilateral Environmental Agreements – 

MEAs (Koester 2002, Davidson and Coates 2011, Gagnon-Legare and Le Prestre 2014).  

When it comes to biodiversity, these relevant institutions are in particular  

• the Convention on International Trade in Endangered Species of Wild Fauna and Flora - CITES opened for signature in 

1973 (Sand 1997, Gomar and Springer 2011), 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

1022



2 
 

• the Convention on Biological Diversity – CBD (Koester 1997, Swanson 1999, Chandra, and Idrisova 2011, Harrop and 

Pritchard 2011) opened for signature 1992, and 

• the Convention on Migratory Species – CMS opened for signature 1979 (Glowka 2000, Lenten, 2001, 2005, Mauerhofer 

and Nyacuru 2014), 

all administered by (nowadays) UN Environment1, as well as  

• the Convention concerning the Protection of the World Cultural and Natural Heritage opened for signature 1972 and 

administered by UNESCO (Battini 2011)  

• and the International Treaty on Plant Genetic Resources for Food and Agriculture adopted 2001 and administered by the 

FAO (Planttreaty 2010, 2011). 

Further non-UN organizations and global environment related normative complexes such as  

• the International Union for the Conservation of Nature (IUCN) administering e.g. the Ramsar Convention on wetlands 

of international importance adopted in 1971 (Navid 1989, Farrier and Tucker 2000, Goodwin 2011, Mauerhofer et al. 

2015) as well as  

• other agreements without environmental focus and without UN-context such as the WTO-agreements (but often with 

much influence on the environment; see e.g. Kelly 2005, Esty 2008, Vranes 2009, Nair 2011)  

are also worth to mention in this context. 

While the organizations overall administer these institutions which were concluded under their aegis, the concrete 

administrative units are usually laid down in the institutions and, thus, created by these institutions.  

They are usually called “secretariats” and these MEA-secretariats are widely seen as significant players in this global 

environmental governance (Sandford 1996, Biermann and Bauer 2004, Siebenhuner 2015). Their scope of work is in 

particular determined by the conventions themselves. 

The grade of detailedness of these documents and the extent to which they are formulated in a binding circumscribe the frame 

of freedom and discretion for the work of these secretariats. 

2. Overview and hypothesis 

Naturally, the goal, nature, structure and tasks of these administrative units also vary according to the (UN-) organizations 

under whose aegis they were launched as the organizations also involve show different membership of parties. But apparently 

also within the aegis of one and the same (UN-)organization, these characteristics of those administrative units named 

secretariats considerably vary among different MEAs. This can be shown by a short view on the wording of three articles of 

three conventions, all launched under the aegis of the former United Nations Environmental Program (UNEP), now UN 

Environment (Table 1, text in bold highlighted by the author).   

 

Table 1: Comparative display the main functional provisions of three UN-environment administered MEAs establishing 

secretariats  

 

 

                                                      
1 On the particular relationship see – e.g. on the example of the CBD – in the COP 10 Decision X/45 (titled 
“X/45.Administration of the Convention and budget for the program of work for the biennium 2011-2012) the Annex I titled 
“REVISED ADMINISTRATIVE ARRANGEMENTS between the UNITED NATIONS ENVIRONMENT PROGRAMME 
(UNEP) and the SECRETARIAT OF THE CONVENTION ON BIOLOGICAL DIVERSITY (CBD)” available at 
https://www.cbd.int/decision/cop/?id=12311 (13 Nov 2017). 
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Art. XII CITES (1973) Art. IX CMS (1979) Art. 24 CBD (1992) 

    Article XII     The Secretariat 

1. Upon entry into force of the present Convention, a Secretariat 

shall be provided by the Executive Director of the United Nations 

Environment Programme. To the extent and in the manner he 

considers appropriate, he may be assisted by suitable inter-

governmental or non-governmental international or national 

agencies and bodies technically qualified in protection, 

conservation and management of wild fauna and flora. 

    2. The functions of the Secretariat shall be: 

        (a) to arrange for and service meetings of the Parties; 

        (b) to perform the functions entrusted to it under the 

provisions of Articles XV and XVI of the present Convention; 

        (c) to undertake scientific and technical studies in 

accordance with programmes authorized by the Conference of 

the Parties as will contribute to the implementation of the 

present Convention, including studies concerning standards 

for appropriate preparation and shipment of living specimens 

and the means of identifying specimens; 

        (d) to study the reports of Parties and to request from 

Parties such further information with respect thereto as it 

deems necessary to ensure implementation of the present 

Convention; 

        (e) to invite the attention of the Parties to any matter 

Article IX     The Secretariat 

1. For  the purposes of this Convention a Secretariat shall be established. 

2. Upon  entry into force of this Convention, the Secretariat is provided   by  the  

Executive  Director  of  the  United  Nations Environment Programme. To the extent 

and in the manner he considers appropriate, he may be assisted  by  suitable 

intergovernmental  or   non-governmental,   international  or national    agencies   and   

bodies   technically qualified   in protection, conservation and management of wild 

animals. 

3. If the United Nations Environment Programme is no longer able to provide the 

Secretariat, the Conference of the Parties shall make alternative arrangements for the 

Secretariat. 

4. The functions of the Secretariat shall be: 

a) to arrange for and service meetings: 

    i) of the Conference of the Parties, and  

   ii) of the Scientific Council; 

b) to maintain liaison with and promote liaison between the Parties,  the  standing  

bodies  set up  under AGREEMENTS and other international organizations concerned 

with migratory species; 

c) to obtain  from  any  appropriate  source  reports  and other information which will 

further the objectives and implementation of this Convention and to arrange for the 

appropriate dissemination of such information; 

d) to  invite the attention of the Conference of the Parties to  any  matter  pertaining  to  

the  objectives  of  this Convention;. 

Article 24 Secretariat 

1. A secretariat is hereby 

established. Its functions 

shall be:  

(a) to arrange for and 

service meetings of the 

Conference of the Parties 

provided for in Article 23;  

(b) to perform the functions 

assigned to it by any 

Protocol;  

(c) to prepare reports on the 

execution of its functions 

under this Convention and 

present them to the 

Conference of the Parties;  

(d) to coordinate with other 

relevant international 

bodies and, in particular to 

enter into such 

administrative and 

contractual arrangements 

as may be required for the 

effective discharge of its 
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pertaining to the aims of the present Convention; 

        (f) to publish periodically and distribute to the Parties 

current editions of Appendices I, II and III together with any 

information which will facilitate identification of specimens of 

species included in those Appendices; 

        (g) to prepare annual reports to the Parties on its work 

and on the implementation of the present Convention and such 

other reports as meetings of the Parties may request; 

        (h) to make recommendations for the implementation of 

the aims and provisions of the present Convention, including 

the exchange of information of a scientific or technical nature; 

        (i) to perform any other function as may be entrusted to it 

by the Parties. 

e) to prepare for the Conference of the Parties reports on the work of the Secretariat 

and on the implementation of this Convention; 

f) to maintain and publish a list of Range States of all migratory species included in 

Appendices I and II; 

g) to promote, under the direction  of  the  Conference  of the Parties, the conclusion of 

AGREEMENTS; 

h) to maintain and make available to the Parties a list of AGREEMENTS and, if so 

required by the Conference of the  Parties,  to  provide  any  information  on  such 

AGREEMENTS; 

i) to maintain and publish a list of the recommendations made by  the  Conference  of  

the  Parties  pursuant  to subparagraphs (e), (f) and (g) of paragraph 5 of Article VII or 

of  decisions  made  pursuant  to  sub-paragraph (h) of that paragraph; 

j) to provide   for   the   general   public   information concerning this Convention and 

its objectives; and 

k) to perform any other function entrusted to it under this Convention or by the 

Conference of the Parties. 

functions; and 

(e) to perform such other 

functions as may be 

determined by the 

Conference of the Parties.  

2. At its first ordinary 

meeting, the Conference of 

the Parties shall designate the 

secretariat from amongst 

those existing competent 

international organizations 

which have signified their 

willingness to carry out the 

secretariat functions under 

this Convention. 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

1025



5 
 

Parts particular addressing functions are highlighted bold in Table 1. All the three Articles cited have not been amended 

since their indicated year of opening for signature. An initial look apparently indicates huge differences among these three 

“UNEP”-conventions. Overall in quantitative terms, the total length of the respective norm is by far shortest with the 

youngest one (CBD). This impression is a bit misleading in several ways: 

1. Each of the articles includes in the final sub-paragraph listing the different function an – in each case quite 

differently formulated2 - extension of the functions3 of the Secretariat where - from the perspective of the 

Secretariat to receive more functions - the CITES norm provides most and the CBD norm least potential.  

2. The article of the CITES refers to two of its other articles where further functions of the Secretariat are stipulated 

(Art. XII/2/b refers to Art. XV4 and XVI5). 

3. The article of the CMS refers more general to other functions trusted to the Secretariat under this Convention (Art. 

IX/4/k6). 

4. The article of the CBD adds functions assigned by any – unique to the CBD out of the three conventions - Protocol 

(Art. 24/2/b) whereby currently two Protocols are in force.7 

5. The article of the CMS already explicitly relates functions to a unique instrument among the three compared 

conventions, namely its AGREEMENTS8. 

Each of these four normative complexes add at least theoretical, but often practical and current functions to the work of the 

respective Secretariat which can again content functions that provide discretion to the Secretariat. 

The full assessment of this potential and factual extension through these four normative complexes cannot be covered by the 

intended length of this article and therefore lays outside of its scope. For example, an assessment of the extension indicated 

under point 1 above would require at least an analysis of all the resolutions released by all the three Conferences of Parties9. 

Similar the assessment of the extension indicated under point 4 above would require to additionally assess the whole 

Protocols to the CBD. 

Instead, the assessment in this paper concentrates on the above cited text of the conventions and its references to the text of 

the conventions itself. 

A first overall view indicates in this regard a quite broad range of norms in Art. XII CITES which are capable of providing 

discretion to the Secretariat under this convention. While Art. IX CMS, but subject to a closer assessment of its wider 

reference to the other norms of this convention, and in particular Art. 24 CBD contain much fewer norms that are capable to 

provide discretion to the respective Secretariats. 

                                                      
2 Unlike CITES and CBD, CBD formulates the extension of the functions solely as a possibility by using “may be”  (see also 
the following footnote); CITES simply refers to „Parties“ but the newer CMS and CBD-texts clarify the COP as unique 
decision-making organ of conventions. ART. I/h CITES defines “Party” which  “means a State for which the present 
Convention has entered into force.” 
3 It is worth mentioning that this extension possibility within CITES and CMS cover “any” functions while the CBD seems 
to reflect with “such functions” to the preceding norm. 
4 Article XV CITES has the title “Amendments to Appendices I and II” and provides the procedure therefore. 
5 Art. XVI CITES has the title “Appendix III and Amendments thereto” and provides substantial and procedural norms. 
6 The Secretariat is – outside of Art. IX CMS – mentioned in this convention another 22 times, reaching from purely passive 
behavior such as receiving information by the Parties (Art. III/7; IV/5, VI/1,VII/9, VIII/3, 20/3 and 20/4 CMS) or – assumed 
upon (discretional) - request a scientific advice by the Scientific Council (VIII/5/a CMS) to very active functions such as 
keeping the list of range states up to date (Art. VI/1 CMS) and forwarding information in connection with convening 
meetings (Art. VII/2, VII/3, VIII/3 CMS) and with amendments to the Convention or its Appendices (Art. X/3 and XI/3 
CMS). 
7 See the information about the Catagena Protocol and the Nagoya Protocol provided at https://www.cbd.int/ (accessed 12 
Nov 2017); see also the Nagoya – Kuala Lumpur Supplementary Protocol on Liability and Redress to the Cartagena Protocol 
on Biosafety (https://bch.cbd.int/protocol/supplementary/, 15.11.2017). 
8 See Art. IX/4/b, g and h CMS and for an overview on the currently seven AGREEMENTS (http://www.cms.int/en/cms-
instruments/agreements, accessed 12 Nov 2017). 
9 CITES simply  refers to „Parties“ but the newer CMS and CBD-texts clarify the COP as unique decision-making organ of 
conventions..  
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Thus, the hypotheses to assess in the further detailed analysis is that CBD as the youngest of the three “UNEP”-conventions 

selected and, perhaps also, the second youngest (the CMS) contain - compared with CITES – a lesser extent of norms 

providing discretion to the respective Secretariats. 

This will be assessed in detail in the following. The analysis will start with as detailed comparison – by means of literal 

interpretation of eleven “normative clusters” – of the norms already highlighted in Table 1. The order of the clusters assessed 

follows the chronological order of occurrence of these normative cluster topics. Afterwards a summary of the findings will 

be provided through a table and different concluding remarks also based on literature will be drawn.  

3. Results 

Eleven “normative clusters” will be assessed in the following according the extent of discretion.  

3.1. Discretion regarding meeting arrangements and services 

The norms in all three conventions read in general similar. The CITES norm uses “meetings of the Parties” which sounds 

like also covering for bi- and trilateral meetings and therefore wider than the other two rules that refer to the “Conference of 

the Parties”10. This is backed up by the finding that CITES uses the terms “meetings of the Parties”11, “Conference of the 

Parties”12, “the Parties”13 as well as “Parties”14 separate and parallel, even within one paragraph of one Article and unlike 

the other two conventions15. This wider formulation of the CITES is, in comparison, somehow mitigated by the additional 

references in the CMS to meetings of the Scientific Council16 and in the CBD to the Protocols.17 All three norms of all three 

conventions assessed predetermine significant discretion on behalf of the respective secretariat by using in particular the 

verb “to service”. Thus, at the first stage it is up to the respective secretariat to estimate and decide whether a specific 

activity (or inactivity) fulfils this criterion.  

3.2. Discretion regarding the procedures for amendments 

The procedures for amendments in Art. XV and XVI CITES are rather prescribing straight-forward duties of the Secretariat. 

The largest opportunity of the Secretariat to execute discretion seems to lay in the interpretation of the term “immediately” 

with regard to the communication of amendment proposals that it received to the Parties (Art. 15/2/b and c CITES). This 

extent of discretion is rather negligible. Such as already mention, the CMS contains also duties of the Secretariat to forward 

information in connection with amendments to the Convention or its Appendices (Art. IX/4/k in conjunction with Art. X/3 

and XI/3 CMS). Also here, not significant extent of discretion is visible.  

                                                      
10 see Art. XII/2/a CITES in comparison to Art. IX/4/a/I CMS and Art. 24/1/a CBD. 
11 Art. XII/2/a and Art. XII/2/f CITES. 
12 Art. XII/2/c, 
13Five times in Art. XII/2/e, f, g and i. 
14 Two times in Art. XII/2/d. 
15 The CBD does only use in Art. 24/1 the term “Conference  of the Parties” (in total three times) and the CMS in Art. IX/4 
too (in total 6 times), except in one case – naturally – related in connection with the promotion of liaison between “the 
Parties”(Art. IX/4/b CMS) and in one case regarding the function to make available a list of AGREEMENTS (Art. IX/4/h). 
Latter case shows that the CMS uses “Conference of the Parties” and “the Parties” even in one sub-paragraph together (Art. 
IX/4/h CMS), but intentionally due to different contexts in a distinguished way (only “the Conference of the Parties” – but 
not “the Parties” - can request the information – beyond the sole list – is provided by the Secretariat. 
16 See Art. IX/4/b CMS; and see also the already mentioned duties of the Secretariat to forward information in connection 
with convening meetings (Art. VII/2, VII/3, VIII/3 CMS backed up by Art. IX/4/b CMS). 
17 The Secretariat receives in the CBD similar duties - like in the CMS-Secretariat for its scientific body - for its Subsidiary 
body on scientific, technical and technological advice (SBSTTA) in particular via Art. 25/3 CBD for further information see 
e.g. Koetz et al. 2008 who refer at page 508 to the modus operandi of the SBSTTA; Siebenhuner [2007:268]  also indicates 
that “…the secretariat has to serve….SBSTTA”). 
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3.3. Discretion regarding undertaking scientific and technical studies 

3.3.1. CITES Secretariat 

The CITES Secretariat has the explicit function to undertake scientific and technical studies (Art. XII/2/c). The Secretariat’s 

discretion in doing so is limited in several ways. A first precondition is that this function has to comply with at least one 

program authorized by the COP. Apparently the program has not to be explicitly released by the COP for this function. 

Furthermore, the program does not need to require or request a certain action under this specific function. Thus, the CITES 

Secretariat has first to check whether there is an official and related program of the COP out there. A draft would be 

insufficient. Without any program, studies cannot be undertaken. Furthermore, the Secretariat has to ensure that its studies 

are in accordance with this program. That would be for example the case if a study itself constitutes an implementation 

measure of that program or supports such other implementation measures of that program. The accordance has to be ensured 

during the whole execution of the study. If the initial accordance with the program falls away at a later stage of the execution 

of the study, for example because the program is cancelled or finished, the study lacks a legal requirement to be continued.  

The Secretariat has in this whole context definitely certain discretion to assume whether the study is implemented in 

accordance with the COP-program but the COP can execute its supervision function for controlling this discretion.  

This whole decision making complex is according to the CMS also subject to the clause “as will contribute to the 

implementation of the present Convention”. One could ask whether this clause refers to the studies alone or the program 

alone. But from the logic of the structure of the convention it should be clear that both instruments are covered. The 

hierarchical order needs to be secured, namely that no study is undertaken that disaccords with programs authorized by the 

COP and both instruments, the studies and the authorized programs, need to contribute as implementation tools to CITES. 

Thus, the discretion of the Secretariat regarding its studies undertaken is double-bounded: once by the accordance with the 

COP-program and once by the requirement to implement CITES.  

Which studies as such are undertaken, lays quite widely in the discretion of the Secretariat. The kind of studies can be either 

scientific or technical or both. They are not limited to the ones explicitly mentioned in the Art. XII/2/c CITES, namely 

“studies concerning standards for appropriate preparation and shipment of living specimens and the means of identifying 

specimens”. This is made clear through the use of the word “including” in this norm.  As these are solely examples, the 

Secretariat is also not obliged to undertake these exemplified studies if there is no clear - explicit or implicit – instruction or 

program by the COP indicating to do so. Moreover, the CITES Secretariat can by means of imaginative interpretation of the 

COP programs and the convention justify by inventive arguments a wide range of such studies. Not only existing scientific 

and technical themes can be covered but also study with an exploratory direction to find new solutions.  

At the first sight term “the function of the Secretariat shall be to c) undertake….studies” might literally indicate that the 

CITES-Secretariat has to implement these studies itself. Given the limited staff number and wide range of potential topics, 

this literal interpretation is not realistic. An understanding that the Secretariat has to be finally responsible for each study 

appears to be more appropriate.  

3.3.2. CMS Secretariat 

In comparison to CITES, the CMS and the CBD do not show such an explicit function related to reports.  

Art. IX/4/c CMS comes near, and can be even understood wider in comparison to CITES. It stipulate as function of the 

CMS-Secretariat “to obtain from any appropriate source reports and other information which will further the objectives and 

implementation of this Convention and to arrange for the appropriate dissemination of such information”.  

Whether this function can be understood wider in comparison to CITES, depend on the interpretation of the verb “obtain”. If 

it has to be understood solely in the sense of “receive”, it would primarily lay down a rather passive function of the CMS-

Secretariat.  No justified reasons are visible why the activities should be restricted to a solely passive position in this way. 
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Thus, rather – and additionally to an passive function - an active understanding  of “obtain” in the sense of “acquire” and 

even “procure” should be given preference.  

Such an interpretation grants to the CMS Secretariat to use the same channels of info-collection such as the CITES 

Secretariat.  

With regard to the kind of information, the formulation of the CMS is even wider and gives to the CMS Secretariat a broad 

range of discretion. Unlike the CITES Secretariat, the CMS Secretariat is not – at least literally - limited to “studies”. But all 

kind of information is covered. Whereby “reports” are simply exemplified.  Similar wide discretion is granted with regard to 

the source of the information (namely, “any appropriate source is allowed”; an issue which CITES does not broach out at 

all). The source could be even a report executed by the CMS-Secretariat itself if it is adequately equipped to implement such 

a report. One restriction might be that the information obtained is new although it was produced inside and through the 

capacity of the CMS Secretariat.  

This goes in hand with the overall condition that limits all the discretion of the CMS Secretariat with regard to obtain 

information. The information has explicitly to further the objectives and implementation of the CMS. Information which is 

not new within the Secretariat does not fulfil this criterion as it is already there and, thus, ongoing benign to the CMS.  

This overall condition is determined in a final way and does not involve a second actor and/or any procedural step and/or a 

further instrument. The CMS Secretariat enjoys much further discretion in in comparison to the CITES Secretariat which is – 

such as shown – bound to the precondition of “accordance with programs authorized by the COP”.  

However, one of the explicit functions of the CMS Secretariat is to and to “arrange for the appropriate dissemination of such 

information”. Also therein, the word “appropriate” grants discretion. The Secretariat can execute this discretion with regard 

to the means and the time of dissemination. There might be also cases where it is appropriate not to provide the information 

to all Parties and other stakeholders. This could be the case if information is solely relevant for the Range States of a species.  

3.3.3. CBD Secretariat 

Art. 24 CBD does not contain any explicit expressions in terms of information gathering. The norm only stipulates as one 

function of the Secretariat to “(c) to prepare reports on the execution of its functions under this Convention and present them 

to the Conference of the Parties;” (Art. 24/1/c CBD). But this duty communicates with similar reporting duties also laid 

down in the other two conventions (see below). The CBD also only mentions the Secretariat – beside in Art. 23 (cited in Art. 

24/1/a) – in connection with the adoption of Protocols18, with the amendment of the Convention or Protocols19, and with 

some interim arrangements from the initial time of the CBD20 arbitration21. Thus, these and not others are the functions to be 

reported upon additional to the ones stipulated in Art. 24 CBD.  

3.3.4. Additional aspects regarding the relationship among Secretariats and scientific bodies 

The explicit and broad formulated function of the CITES secretariat to undertake scientific and technical studies should be 

seen also in another context. Unlike the CMS and the CBD, no scientific body has been included within the conventions’ 

original text itself. CITES’ scientific Animal and Plant Committees were not earlier established than 14 years after the 

conventions’ opening for signature.22 The sixth meeting of the Conference of the Parties in Ottawa in 1987 laid down in an 

own resolution the details for these expert groups and their tasks to provide to provide technical support to decision-making 

                                                      
18 Art. 28/3 CBD “3. The text of any proposed Protocol shall be communicated to the Contracting Parties by the Secretariat 
at least six months before such a meeting.” 
19 Art. 29/3 CBD. 
20 Art. 40 CBD. 
21 ANNEX II in connection with Art. 27/3/a and 27/4 CBD. 
22 See also https://www.cites.org/eng/disc/ac_pc.php 
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about certain species that are (or might become) subject to CITES trade controls.23 Thus, the CITES Secretariat was already 

obliged to play an active scientific function for more than one decade prior to the establishment of expert groups within the 

convention. Even after the establishment of these groups, this literally laid down task of the Secretariat was not withdrawn 

from CITES.  

While the CMS and CBD Secretariats were both from the very beginning of their establishment convenient about the 

entrustment of additional scientific bodies and the further organizational and functional development of these bodies to 

deliver scientific expertise in the frame of the respective convention.  

3.4. Discretion regarding inviting attention of the Parties/COPs 

The Secretariats of CITES and CMS are sharing similar discretion regarding inviting attention to any matter pertaining to the 

aims (CITES)/objectives (CMS) of the respective convention. A significant different contains the formulation of the 

addresses of such invitations. While CITES refers to “the Parties”, the CMS stipulates “the Conference of the Parties”.  

Again, if this is understood in the way that also single Parties or a group of Parties are to be covered besides all Parties 

together, even outside the COPs, this equips the CITES Secretariat with much more flexibility and a much higher extend of 

discretion in comparison to the CMS Secretariat.  

Neither Art. 24 CBD, nor any other Article of the CBD contains such an explicit permit. Nevertheless, the arrangement of 

the COPs as explicit task of the CBD-Secretariat may enshrine opportunities to raise similar attention among the Parties at 

the COP.  

3.5. Discretion regarding publications 

3.5.1. CITES 

Art. XII/2/f CITES formulates this function of the Secretariat as “to publish periodically and distribute to the Parties current 

editions of Appendices I, II and III together with any information which will facilitate identification of specimens of species 

included in those Appendices”. Discretion is therefore provided regarding the means of publishing where the discretion will 

be restricted – if at all - by terms such as “adequate” and/or “appropriate” publication tool. A similar extent of discretion is 

also granted concerning the time interval. Because any occasion regularly coming back can be – theoretically –   considered 

“periodically”.  Even the understanding what a period is can change over time and does not durably have to stay the same. 

The term “current” in this clause cited can be seen corresponding to “periodically” (and therefore provide discretion) or 

independently from it (and therefore providing no discretion).  

The earlier understanding is supported by the fact that modifications of the Appendices enter into effect after a certain 

duration after their conclusion at the COPs.24 Thus, a publication is no precondition and current information can be still 

considered “current” if it is published some while after the start of its legal relevance.25  

The latter understanding is supported by the argument that, actually, a list that is not up to date cannot be considered 

“current”. Additionally, the Appendices might not change periodically but occasionally and therefore irregularly.  

A middle way of interpretation is that the Secretariat has discretion to publish a modification of Appendices and related 

information after the conclusion of the modification but before these modifications enter into forces and, best as early as 

technically possible within this period in order to allow anybody potentially affected by the changes to adapt early.  

                                                      
23 Resolution Conf. 11.1 (Rev. CoP17) with details in Annex 2 of this Resolution. 
24 Art. XV/1/c CITES speaks about “….entering into force 90 days after…. “; Art. XVI/3 CITES refers to “….shall take 
effect 30 days after ….”, whereas “entering into force” and “shall take effect” can be synonymously understood here. 
25 Notwithstanding the impression that this mode is also somehow critical in terms of (a potential lack of) publicity to let 
affected third parties know about modifications of norms that might directly affect their business. 
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Some further discretion could be argued in this clause cited as it refers to “the Parties” and not to “the Conference of the 

Parties”. Thus, the Secretariat can decide to address the Parties also besides of the event of the Conference of the Parties. But 

it seems to be obvious that no discretion exists whether all Parties or only a few of them should be included in the 

distribution. The editions of the Appendices as well as the related information are – as a matter of global trade – relevant to 

all Parties, even if the species does not occur in wild in the country yet or is not traded in the country yet26. 

3.5.2. CMS and CBD 

Art. IX CMS and Art. 24 CBD do not literally refer to publications. But the CMS contains a very general and broad 

reference to the “general public” (Art. IX/4/j CMS) which should be provided information concerning this Convention and 

its objectives by the Secretariat. Written publications are not necessarily the (only) means, although often useful or at least 

appropriate. The Secretariat has also the discretion to select any other means to do so, such as audio-services.  

However, explicit functions of the CMS-Secretariat to publish are laid down in the CMS in Art. IX/4/f (regarding the list of 

Range States) and Art. IX/4/i (regarding certain recommendations and decisions of the COP). The earlier provision could 

include some discretions of the Secretariat as the definitions of the CMS about “range state” contains some legal terms 

which can be subject to interpretation.27 The latter provision does provide discretion to the Secretariat only insofar as there is 

not clear time indication laid down when and how often such a publication should take place.  

3.6. Discretion regarding active reporting 

The functions of the Secretariats in connection with the gathering of scientific reports and related information has already 

been assessed above related to discretion.  

What remains, is to analyze the Secretariat’s reporting on its own work to the parties/COPs.  

3.6.1. CITES 

CITES obliges the Secretariat to prepare annual reports to “the Parties28” (Art. XII/2/g) while COPs take place “…at least 

once every two years…”29. There is not explicit reference to the COP in terms of time when to prepare and how to let “the 

Parties” know about the annual report. This would in theory provide discretion to the Secretariat. While a time cycle related 

to the COP definitely makes sense, in particular as the reports can be discussed there together in the plenum.  Similar is valid 

for the annual reports on the implementation of this convention also foreseen by this Article. Whereas some discretion 

remains in both cases what content is included regarding “its own work” and “implementation” is terms of structure, topics 

and grade of detailedness.  

Finally the CITES-Secretariat has – as only one of the three Secretariats explicitly - also among its functions to prepare other 

reports as meetings of the Parties may request (see last part of Art. XII/2/g). If subject and timeline of these (no limited to 

annual) reports are clearly determined by the Parties in their meeting (not just the COPs), then only some discretion remains 

on contents  – but subject to supervision by the requesting meeting of the Parties.  

                                                      
26 An analogous understanding could be found in transnational environmental law e.g. in early judgements on the EU-Birds 
Directive (from 8. July 1987, Commission v Belgium, 247/85 [1987] ECR 3029, para. 22; from 27. April 1988, Commission 
v France, 252/85 [1988] ECR 2243, para. 5; from 8. February 1996, Vergy, C-149/94, [1996] ECR I-299, paras. 17 und 18 
and from 12. July 2007, C‑507/04, Commission v Austria [2007] ECR I‑5939, para. 99) (to be found in 
http://curia.europa.eu/juris/recherche.jsf?language=en; 15.11.2017). 
27 See e.g. “normal migration route” in Art. 1/f CMS in combination with Art. 1/h CMS. 
28 See above also above the discussion of the addressees of the Secretariat’s work in CITES. 
29 See Art. XI/1 CITES “…, unless the Conference decides otherwise, and extraordinary meetings at any time on the written 
request of at least one-third of the Parties.” In fact, meetings of the COPs took place about every three years; for a list of 
dates and venues see https://www.cites.org/eng/disc/cop.php (14.11.2017). 
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3.6.2. CMS 

The reports to be prepared by the CMS-Secretariat also contain regarding general content both, the work of the Secretariat as 

well as work on the implementation of CMS (Art . IX/4/e CMS). All work of the Secretariat (should be and) is regularly also 

related to the conventions’ implementation in the widest sense. Thus, the term “on the implementation of the Convention” is 

to be understood as other implementation issues not related to the work of the Secretariat (e.g. work of third parties which 

the Secretariat got - not within its active or passive functions but - randomly aware about).  

3.6.3. CBD 

Art. 24/1/c CBD formulates the functions of its Secretariat regarding active reporting twofold slightly different in 

comparison to CITES and CMs. Firstly, it refers not general to any implementation of the convention but  to the “execution” 

of the Secretariats’ functions under this convention. This seems – at least literally – to exclude here implementing 

contributions of third parties outside of the active and passive functions of the Secretariat (and the discretion of the 

Secretariat to select such contributions for the report). Secondly, the Article adds to the preparation function also – unlike 

CITES and CMS – a presentation function. Both are – only – owed to the Conference of the Parties. When preparing the 

presentation, the Secretariat also has again some discretion with regard to the selection of the different elements of the 

content including style and structure some discretion but subject to the supervision executed by the COP. Thus, if questions 

regarding this report’s presentation pop up during a committee meeting or in the plenary session, the General Secretary of 

the Secretariat might – be called in if not present and – need to provide explanations and/or justifications.  

3.7. Discretion regarding “passive” reporting 

Only CITES stipulates explicit “passive” functions with regard to reporting, but in combination with further “active 

functions” (Art. XII/2/d CITES) which provide additional discretion to the Secretariat. The - passive - function there “to 

study the reports of Parties” follows the – active – function “to request from Parties such further information with respect 

thereto as it deems necessary to ensure implementation of the present Convention”. Both, and in particular the second 

function explicitly allow the Secretariat to interact with the Parties whenever it considers it to be required. Furthermore these 

functions are related to any or all Parties.  

3.8. Discretion regarding making recommendations 

Only CITES also lays down explicitly the Secretariat’s function to make recommendations in a quite far-reaching sense (see 

Art. XII/2/h CITES). They can concern not only the aims of CITES, but also any of its provisions. The exchange of 

information of a scientific or technical nature is simply indicated as an example for such a recommendation. Moreover, the 

provision does not restrict the Secretariat in any way to whom the recommendations are proposed. Thus, no limitations to 

Parties is in particular foreseen which provides an almost unlimited range of potential addressees as discretion to the CITES-

Secretariat.  

The CMS Secretariat has among its functions –such as already mentioned in connection with publications - solely a very 

passive one without much discretion regarding recommendation (see Art. IX/4/i CMS). No own recommendations are 

foreseen on behalf of the Secretariat, but only the maintenance and publication of certain recommendation by the COPs.  

Art. 24 CBD does not refer itself to recommendations at all.  

3.9. Discretion regarding internal and/or external relations 

Only the two later conventions later opened for signature contain norms explicitly pointing at internal and/or external 

relations through the Secretariat. The earlier signed one among these two conventions, the CMS, seems to provide more 
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discretion to its Secretariat in particular with regard the manner and addressees of these relations in comparison to the 

CBD.30  

Concerning the manner of relations, the CMS uses the verbs “to maintain liaison and promote liaison”. This indicates any 

form of connection, relation, contact, cooperation, and coordination. While the CBD restricts the Secretariat to 

“coordination” which can be reduced to a purely formal and procedural function. This correlates well also with the simple 

“postbox”-function laid down for the CBD-Secretariat when it comes to contacting executive bodies of other conventions 

through the COP.31 Another difference is that that the CMS norm covers two more stakeholder groups which provides a 

wider mandate to the CMS-Secretariat. 

3.10. Discretion regarding activities in connection with AGREEMENTS (only CMS) 

The CMS as the only one of the three conventions compared foresees the establishment of AGREEMENTS32 under its aegis 

concluded by Parties33 or non-Parties, but range states of the species covered.34  

It lays down on particular function of the CMS-Secretariat related to these AGREEMENTS35 which is instructed to promote 

the conclusion of AGREEMENTS; the therein enshrined wide discretion of the Secretariat regarding means, space and time 

is in the same norm restricted, because put under the direction of the COP (see Art. IX/4/h CMS).  

3.11. Discretion regarding activities in connection with Protocols (only CBD) 

The CBD as the only one of the three conventions compared foresees the adoption of Protocols36 through the COP.37 Such 

as mentioned, Art. 24/1/b CBD extend the functions of its Secretariat towards to perform the functions assigned to it by any 

Protocol.  

The Catagena Protocol and the Nagoya Protocol are the only protocols enforced yet apply mutatis mutandis the function of 

the Secretariat laid down in Art. 24/1 CBD.38 Additionally, both Protocols provide for a rather passive function of the 

Secretariat.39  

4. Conclusions 

In the following an overall summary of the findings is presented in a table and afterwards some concluding remarks are 

provided.  

                                                      
30 See in detail Art. IX/4/b CMS in comparison with Art. 24/1/d CBD. 
31 see Art 23/4/h CBD according to which “the Conference of Parties….shall ….(h) contact, through the Secretariat, the 
executive bodies of conventions dealing with matters covered by this Convention with a view to establishing appropriate 
forms of cooperation with them; and…” which seems to partly pre-determine the work of the Secretariat and reduces its 
discretion. 
32 Art. I/1/j: “"AGREEMENT" means an international agreement relating to the conservation of one or more migratory 
species as provided for in Articles IV and V of this Convention; and…” 
33 Art. II/3/c CMS and Art. IV/3 CMS. 
34 Art. V/2 CMS. 
35 The other two functions also mentioning AGREEMENTS (Art. IX/ b CMS and Art. IX/4/h CMS) could be more related to 
other types of function (internal/external relations and information provision) and have bee already described above. 
36 Art. I/1/j: “"AGREEMENT" means an international agreement relating to the conservation of one or more migratory 
species as provided for in Articles IV and V of this Convention; and…” 
37 Art. 23/4/c CBD in connection with Art. 28 CBD. 
38 Art. 31/2 Catagena Protocol; Art. 28/2 Nagoya Protocol. 
39 See for the Catagena Protocol: Articles 11/1, 19/1, 19/2, 29/8 (with the exemption of Art. 19/3, Art. 29/6 and Art. 29/7, 
where some procedural, more active functions of the Secretariat are laid down) (download under 
http://bch.cbd.int/protocol/text/, 06.11.2017); see for the Nagoya Protocol: Articles 13/1, 13/4, 26/8 (with the exemption of 
Art. 13/5, Art. 26/6, Art. 26/7  where some information provision and meeting convening functions are laid down) 
(download under https://www.cbd.int/abs/text/default.shtml, 06.11.2017).  
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4.1. Summary 

This part offers a summarized comparison and evaluation of the extent of discretion within above prescribed Secretariats’ 

functions of three conventions (Table 1): 
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Table 1: summarized comparison and evaluation of discretion extent within prescribed Secretariats’ functions of three 

conventions (CITES, CBD, CMS) 

 

 

 

Discretion regarding… 

Convention norm and extent of discretion (high=3, 

medium=2, low=1, not existing=0, not applicable=NA) 

CITES 

(Art. XII/2) 

CMS 

(Art. IX/4) 

CBD 

(Art. 24/1) 

1. ...meeting arrangements and services 3 2 2 

2. …procedure of amendments 2 1 1 

3. ...undertaking scientific and technical studies 2 3 0 

4. ... inviting attention of the Parties/COPs 3 2 0 

5. …publication 2 2 0 

6. …active reporting 2 2 1 

7. …active reporting 3 0 0 

8. …making recommendations 3 0 0 

9. …internal and/or external relations 0 3 1 

10. …activities in connection with AGREEMENTS (only 

CMS) 

NA 2 NA 

11. …activities in connection with Protocols (only CBD) NA NA 1 

 

In formal terms, the number of explicitly prescribed functions as well as the extent of discretion is in summary largest within 

CITES, followed by CMS. The first impression formulated by the hypothesis above is therefore not only confirmed 

quantitatively, but also qualitatively. However, it was also already indicated that the function of the CBD secretariat could be 

– and obviously is as will be shown later – more extensively interpreted.   

4.2. Overall viewpoints 

Overall, CITES and CBD are not very exact in legal terms within their main Article when starting to lay down the functions 

of the respective Secretariat. Each of them initiates the list with that the “functions shall be”. Thus, an enumerative and 

concluding list is expected from the norm in legal terms. But CITES as well as the CBD contain in other Articles further 

functions of the Secretariat. This kind of legislative technique does not make the task of a comparison easier. However, the 

previous analyses of the functional clusters tried to take into consideration also other Articles of the respective Convention 

as such. Differently, Art. IX/4/k CMS refers in a legally more precise way to “other functions entrusted to it [the Secretariat] 

under this Convention and under an open list in this way.  
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CITES shows another particular rule-making technique in comparison to the other two conventions. It refers in the above 

mentioned list of function to two other articles of the convention where functions are mentioned (Art. XII/2/b CITES refers 

to Art. XV and XVI). This would lead (again) to the assumption that the list of functions in Art. XII/2 CITES is complete 

and that other articles do not contain functions. This assumption is supported by the fact that a similar clause such as in Art. 

IX/4/k CMS - wherein a general reference is made to other functions laid down in the convention - is not existing in CITES. 

Nevertheless, a closer look into CITES proofs different. Article XIII/1 and 2 CITES titled “International measures” contains 

for example one active function to inform Parties and one passive function of the Secretariat to receive information from one 

party (and to obviously inform the other parties)40. In the cases of information sent to Parties, these functions might be also 

covered by the already cited Secretariats’ function “to invite the attention of the Parties to any matter pertaining to the aims 

of the present Convention.” (Art. XII/2/e CITES). Further active and passive functions are similarly laid down in additional 

articles of CITES.41  Their coverage by the Art. XII CITES seems to at least in some cases questionable. 

4.3. Potential explanations of the formal differences 

Notwithstanding a further potential development of the functions of the CBD-Secretariat within the COP-Resolutions and 

Protocols (which to assess was not subject to this paper), the CBD-Secretariat shows to have been initially equipped with the 

least number of functions in comparison to CITES and CMS in the norms assessed (except regarding international 

cooperation).  

This whole situation could be explained – but not justified – in particular  with experiences that the parties made with earlier 

conventions.  

Another reason adequate to explain the differences can be seen in the varying political origin and focus of the different 

conventions. While CITES was the product of a particular problem (illegal trade) and less politically negotiated prior to its 

opening for signature (Sand 1997, Cooney 2002). While in particular the CBD with its broader and less on specific problems 

focusing direction can be seen as the result of an much more intensive political discussion forum where the fewer functions 

remaining in the CBD were the outcome of a long term search for compromises. The focus of the CMS is considerably 

broader too in comparison to CITES and with its centration on in the future to be agreed upon AGREEMENTS – also 

indicated by three functions referring to these instruments -  a much more “evolutionary convention” than the straight-

forward and single-pressure oriented CITES.  

A further explanation for the lower number of formal functions laid down in CBD (and to lesser extent also the CMS) in 

comparison to CITES can be derived from the number and content of the obligations to implement within these conventions. 

For the CBD it is indicated that it has only one concrete, three general and seven soft obligations (with CMS having 2/2/5 

and CITES 6/1/2 respectively) (see Koester 2002, also on this differentiation of obligations). From the three conventions 

assessed it could be concluded that more and concrete secretariat functions correlate with a higher qualitative (and to a lesser 

                                                      
40 Article XIII/1 and 2 CITES read such as following: 
“1. When the Secretariat in the light of information received is satisfied that any species included in Appendix I or II is being 
affected adversely by trade in specimens of that species or that the provisions of the present Convention are not being 
effectively implemented, it shall communicate such information to the authorized Management Authority of the Party or 
Parties concerned. 
2. When any Party receives a communication as indicated in paragraph 1 of this Article, it shall, as soon as possible, inform 
the Secretariat of any relevant facts insofar as its laws permit and, where appropriate, propose remedial action. Where the 
Party considers that an inquiry is desirable, such inquiry may be carried out by one or more persons expressly authorized by 
the Party.” 
41 See Art. VIII/4/c: the possibility of a Management Authority to consult the Secretariat in order to facilitate certain 
decisions; Art. VIII/7: the right of the Secretariat to receive certain reports from the Parties; Article IX/3: receive 
information about Management and Scientific Authorities; Art. IX/4: the right to request information from the Management 
Authorities. Art. XI/1: the duty to call a meeting of the Conference of the Parties; Art. XI/7: the right to informed by certain 
bodies and agencies (and – subject to certain conditions – to admit them to the COP as observers); Art. XVII/1: the duty to 
convene under certain conditions an extraordinary meeting of the Conference of Parties; Art. XVII/1: the duty to send out 
proposed amendments of the convention; 
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degree also quantitative) extent of convention obligations for parties to be dealt with by secretariats with higher active 

requirements.  

4.4. Formal and informal viewpoints 

Within a broader framework of policy mix analysis (Rogge and Reichhardt 2016) the current work summarized in Table 2 

can be considered to comparatively assess mixes of instruments and their consistency, their coherence and 

comprehensiveness as well as the policy making and its implementation.  

The formal mandate, and therefore the content of the convention as instrument, of all the three convention secretariats 

assessed is limited in many regards and it is natural that it is limited. The comparative differences among these formal 

limitations and informal aspects of functions are the interesting issue and worthwhile to be further assessed.  

Biermann and Bauer (2004, 152) indicate as first of several structural variables for comparatively assessing the effectiveness 

of intergovernmental organizations in international environmental politics the formal competences such as following:  

“(a) Formal competencies: The transfer in authority that states concede to an international organization varies 

considerably and might help explain variation in the effectiveness of the agency. For instance, some organizations 

are formally entitled to actively monitor regime compliance in member states while others depend on national 

reports of limited significance and reliability or, worse, have no means of monitoring at all. Such formal 

competencies matter significantly, and our research seems to indicate that an organization equipped with far-

reaching formal competencies is likely to be more effective than an organization with little or no formal 

competencies.” 

This statement is only partly supported by the results of this research.  

On the one hand, the CITES Secretariat with the most extended and substantial description of functions can execute for 

example particular influence through its given function to make recommendations (see on this quite effective function e.g. in 

general Chasek 2001 and particular with regard to CITES Sandford 1996, p. 8) and to interact with all Parties.  Thus, the 

allocation of functions of the three conventions do differentiate considerably and, thus are not in consistence with the, e.g. 

Siebenhuner (2007, 2009) who indicates in the allocation of mandates of the vast majority of treaty secretariats large 

similarities.42 

On the other hand, activities are set by secretariats which are not formally mentioned in the legal basis such as to collect and 

disseminate scientific information (explicitly indicated by Siebenhuner [2009:269] for the CBD-Secretariat as a main task 

while he points out the lack of the means and the mandate for scientific research). The collection and dissemination of such 

information could be interpreted as preparatory part of “to service meetings of the Conference of the Parties” (Art. 24/1/a 

CBD) and the dissemination of SBSTTA-knowledge as part of the task to serve also SBSTTA.  

This author also indicated “monitoring” as one function of this Secretariat (Siebenhuner 2007:260, 2009:266) while also 

citing one member of the Secretariat indicating that “governments do not want to be controlled….” (Siebenhuner 2007:269). 

Furthermore, although according to the wording of Art. 24/1/c CBD the Secretariat has to report to the COP on the execution 

of its functions under this convention, but definitely reports also about malfunctions of Parties such as pledges not paid in 

time.  

The CBD-Secretariat does not have explicit functional Articles on information sharing in the convention text in contrary to 

CITES and CMS such as shown above and it was not primarily a capacity-building bureaucracy in the past (Siebenhuner 

                                                      
42 However, even the formulations of Siebenhuner leave space for exemptions of this assumed large similarity and he might 
derive at this conclusion from a wider scope of assessment, including in particular the further functions contained in COP-
resolutions.  

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

1037



17 
 

2009). This considerably changed with the allocation of the Japanese Biodiversity Fund43 to the Secretariat with numerous 

capacity-building events in particular about the National Biodiversity Strategies  and Action Plans44 after the establishment 

of this fund as an own (non GEF-dependent) large-scale financial instrument enhancing the Secretariat’s efforts to support 

the Parties. 

Despite the comparative difference of initial functions laid down in the initial mandate to the three conventions such as 

found in this study, this variety can be flattened or exaggerated depending in particular on extensions of the functions 

through resolutions of the COP. 

One example of a function determined by the COP based on Art. 24/1/e CBD is that “the Secretariat has commissioned the 

drafting and publication of the Global Biodiversity Outlook (GBO), a report on the status and the policy measures to achieve 

the goals of the Convention.” (Siebenhuner 2007:264). 

Thereby another correlation becomes pretty obvious. The more restrictive the functions are formulated, the more 

interpretative elbowroom needs to be searched for and be applied in order to allow a secretariat to execute basic functions 

assumed to be executed by each secretariat established by a multilateral environmental agreement. This correlates well with 

the findings by Siebenhuner (2007: 269; 2009:273) of considerable leeway given to the operations of the CBD-Secretariat 

due to a “very flexible” COP.  

4.5. Final remarks 

The current study must be considered incomplete as it did not take into account a potential “big black box” (namely all the 

COP resolutions and in case of the CBD also the Protocols) potentially filled up with additional functions. 

But also such a snapshot comparing the initially laid down secretariats’ functions within three UN Environment – 

administered conventions can (and hopefully does) add scientific light in an interdisciplinary setting on the distribution of 

competences and power in international environmental politics and governance around multilateral environmental 

agreements. 

Besides the structural variable of formal competences, the contextual variable of in how far formal competences of 

Secretariats are (very) widely interpreted by UN Environment and/or “flexible” COPs appears to be even more crucial. 

The more the extensions of formal functions are not considered useful but influencing and even restricting the sphere of the 

Parties, the less it is likely that a Secretariat can initiate or even uphold this extension of its formal competences in an 

informal manner. 
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Abstract 

Law is a legitimizing authority. Legitimacy is ‘the acceptance and justification of shared rule by a community’ (Bernstein 

2005), and it is one of the components for effective governance in sustainable development (Lockwood 2010). In liberal 

democratic systems, governments are typically legitimized through electoral processes, and their decisions are given weight 

by legislation (Boedeltje and Cornips 2004). In fact, as Sakamoto, G. et al. (2016) pointed out, legitimacy depends on 

acceptance by the community or people and the results of the acceptance, that is, the law. People's acceptance is permission 

for the law, which is the evidence of legitimacy. Issues, however, arise between the government and people because the 

recognition of law by the government and the acceptance of the law by the people are different. Even if people accept the law, 

it is possible that an issue of legitimacy may arise due to the inconsistency between the laws and their implementation. 

This paper identifies the current legal rulings on genetic resource in Vietnam and the above-mentioned aspects focusing on 

the legal status of genetic resource using a mix of methods including legal interpretation analysis and interviews with the 

persons in charge of the relevant laws. Genetic resource was stipulated in international conventions, such as the Convention 

on Biological Diversity (CBD), and in the national law in Vietnam, such as the Biodiversity Law and the Seed Ordinance. 

CBD recognizes the sovereign rights of states over their natural resources, and their authority to control access to genetic 

resource. Falling under the jurisdiction of the national governments, genetic resource is therefore subject to national legislation. 

However, CBD does not refer to the legal status (such as the right to own, utilize, exchange, and transfer) of genetic resource 

because it is dependent on the national legislation and contract. Previous studies, such as Elisa Morgera (2013) and Kristin G. 

Rosendal (2016), have focused on the national ABS system in some countries but not studied about Vietnam and the legal 

status aspects in the country regarding genetic resource. This paper makes a special mention of the Vietnamese legal system 

because the legal status of its genetic resource drastically changed from being State-owned property to People-owned property, 

historically.  

Survey results have shown that by reviewing the relevant law documents on genetic resource in Vietnam, such as the Civil 

Code (2015 revised), Biodiversity Law (2008), Intellectual Property Law (2009), and the Seed Ordinance (2004), genetic 

resource is now managed as a People-owned property since 2008 in accordance with the Biodiversity Law. Relevant laws on 

genetic resource are consistent with each other. However, on being interviewed, the person in charge of the Biodiversity Law 

revealed the potential issue in the implementation of the Biodiversity Law because the Biodiversity Conservation Agency 

assigns limited organizations and individuals, such as the national park, to manage genetic resource. According to the officer, 

there are no applications at the moment, and a potential risk of conflict arising between the people and government is possible 

if the Biodiversity Law is not implemented and hence, it is soon expected to implement the assignment to avoid conflict.  

 

 

Keywords: Genetic Resource, Legitimacy, Vietnam, Biodiversity Law, legal status 

1. Introduction 

Law is a legitimizing authority. Legitimacy is ‘the acceptance and justification of shared rule by a community’ (Bernstein 

2005), and it is one of the components for effective governance in sustainable development (Lockwood 2010). In liberal 

democratic systems, governments are typically legitimized through electoral processes, and their decisions are given weight 

by legislation (Boedeltje and Cornips 2004). In fact, as Sakamoto, G. et al. (2016) pointed out, legitimacy depends on 

acceptance by the community or people and the results of the acceptance, that is, the law. People's acceptance is permission 

for the law, which is the evidence of legitimacy. Issues, however, arise between the government and people because the 

recognition of law by the government and the acceptance of law by the people are different. However, even if people accept 

law, it is possible that an issue of legitimacy may arise due to the inconsistency between laws and their implementation. 

On the other hand, genetic resource was stipulated in international conventions, such as the Convention on Biological 

Diversity (CBD), the Nagoya Protocol on Access and Benefit Sharing (ABS),1 the International Treaty on Plant Genetic 

Resources for Food and Agriculture, and the Convention on the Protection of New Varieties of Plants 1991, specifying aspects 

of access, utilization, and benefit-sharing. CBD, in particular, recognizes the sovereign rights of states over their natural 

resources and their authority to control access to genetic resources. Falling under the jurisdiction of the national governments, 

genetic resource is therefore subject to national legislation.2 However, CBD does not refer to the legal status (such as the right 
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to own, utilize, exchange, and transfer) of genetic resource because this is dependent on national legislation and contract. 

Previous studies, such as Elisa Morgera (2013), Kristin G. Rosendal (2016), have focused on the national ABS system in Spain, 

Norway, Australia, and some countries in Latin America and Asia but not studied about Vietnam and legal status of its genetic 

resource. This is because, historically, the legal status of genetic resource in Vietnam changed in 2008 when the Seed 

Ordinance adopted in 2004, which stipulated genetic resource as State-owned property, was replaced by the Biodiversity Law, 

which stated that genetic resource is People-owned property.  

Thus, this paper identifies the current status of the Vietnamese legal system on genetic resource and examines whether 

an issue of legitimacy may arise due to the inconsistency between laws and their implementation, particularly focusing on the 

legal status of genetic resource, using mixed methods such as legal interpretation analysis and interviewing the persons in 

charge of the relevant laws. The procedure to identify the research questions involved (A) Clarifying the Vietnamese legal 

system and legal framework on genetic resource, (B) Clarifying and discussing the legal status of genetic resource based on 

relevant laws such as the Civil Law, Biodiversity Law, Seed Ordinance, and Intellectual Property Law, and (C) Concluding 

the legal status of genetic resource for future implementation from the viewpoint of legitimacy. 

2. Methods 

To address the research questions, the following mixed methods were adopted: 

a. literature review: to identify the relevant law on genetic resource in Vietnam 

b. legal interpretation analysis: to understand the structure of the legal system in Vietnam and identify whether 

relevant laws are consistent with each other 

c. interview of people in charge of the law as given below: 

Date of Interview: 29 March 2018 

Interviewed Ministry: Biodiversity Conservation Agency under the Ministry of Natural Resources and 

Environment (this agency is in charge of the Biodiversity law). 

Interview type: Structured interview 

Questions: On the relationship of the biodiversity law with other current laws and ordinance and the 

implementation of the law 

 

Date of Interview: 5 September 2017 and 27 March 2018 

Interviewed Ministry: Plant Variety Protection Office under the Ministry of Agriculture and Rural 

Development (this agency is in charge of intellectual property law). 

Interview type: Structured interview 

Questions: On the relationship of the Intellectual Property Law with other current laws and ordinance, on the 

Seed Ordinance, and on implementation of the law 

 

Reasons for adopting this approach to clarify the research topic are as follows: 

1． Because research on legal fields targeting developing countries including Vietnam is limited (in relation 

to the method a) 

2． Because there is a discrepancy between the content stipulated in law and its interpretation (in relation to 

the method b) 

3． Even if there are laws, there exist cases in which the government does not implement the law (in relation 

to the method c) 

3. Legal framework on plant genetic resource in Vietnam 
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3－1．Overview of Vietnam 

Vietnam is a socialist country, but in 1986, it adopted the Doi Moi policy, which is based on introducing a market economy 

system and opening the market to the world at the 6th Communist Party Congress. Since then, Vietnam has been working to 

strengthen its structural reforms and international competitiveness, for example, by signing the Trans-Pacific Partnership 

(TPP: Trans-Pacific Strategic Economic Partnership Agreement) and the ratification of the UPOV Convention and the WTO 

Agreement. The current situation of the ratification of the international convention related to plant genetic resource is shown 

in Table 1. Agriculture and forestry and fisheries form the major component of Vietnam’s economy, especially with its 

coffee production being the second highest in the world (JETRO, 2011). 

 

3－2．The legal system in Vietnam 

Vietnam’s legal system came into force in 1997 by the Law on Promulgation of Legislative Documents. After the enactment 

in 1997, the law was revised three times in 2002, 2008, and 2015 (Endo, 2007), and in its amendments, the content related to 

the legal system also saw some changes.3  

The law is enacted within the scope of the 

Constitution by the National Assembly. The 

Ordinance as a lower level of the law is enacted by 

the Standing Committee established in the National 

Assembly. Matters specified by the Ordinance are 

not necessarily clearly defined, but they are enacted 

on matters authorized by the National Assembly, 

submitted to the Diet after being enforced for a 

certain period, deliberated, and decided whether to 

legalize. (Revised in 2015, this has been changed to 

not give the enactment right to the Standing 

Committee of the National Assembly.) Regarding the 

Ordinance, Kawazu (2003) pointed out, ‘It is 

meaningful in supplementing the part that cannot be 

dealt with in the Diet in cases that need to be 

established with urgency and with the same effect as 

the law. Because the Diet is held only twice a year 

and the enacted number is limited’. An overview of the Vietnamese legal system is shown in Fig 1. 

3－3．Legal framework on plant genetic resource in Vietnam 

The plant genetic resource framework was stipulated in the Biodiversity Law and the Seed Ordinance that dealt with their 

acquisition and transfer. In addition, from the perspective of intellectual property rights, the Intellectual Property Law was 

also enacted on use of plant genetic resource. Other laws that indirectly cover plant genetic resource were the Natural 

Resources Act (1999), Conservation Law (2005 revision), and the Forest Protection Law (2004 revision) (Pham Thi Sen et 

al., 2010). 

4. Results of the survey on the Vietnamese laws regarding genetic resource and their interrelationship 

This section presents the results of the survey from the research on how relevant laws are related to each other, focusing on 

the Constitution, the Civil Code, Biodiversity Law, Seed Ordinance, and the Intellectual Property Law. 

4－1．Constitution/Civil Code 

General principles, rights, and obligations relating to property rights are stipulated in the Constitution and the Civil Code. 

Article 53 of the Vietnam Constitution stipulates ‘The land, water resources, mineral resources, resources in the sea and 

airspace, other natural resources and property invested and managed by the State are public properties, coming under 

Table 1．Current situation of the ratification of international convention relevant to plant genetic resource as of 12 March 

2018 

Convention Date of Ratification 

Convention on Biological Diversity 

International Treaty on Plant Genetic Resources for Food and Agriculture 
International Union for the Protection of New Varieties of Plants 

WTO Agreement on Trade-Related Aspects of Intellectual Property Rights 

14 February 1995 

Non (Not Ratified) 
24 November 2006 

11 January 2007 

 

Constitution 

Codes and Laws of 

the National Assembly 

Ordinances of the Standing 

Committee of the National Assembly 

Decrees of the Government 

Upper 

lower 

Fig 1 Vietnamese legal system 
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ownership of the entire people represented and uniformly managed by the State’ so that the State manages the natural resource 

as a common property uniformly without giving property rights to individuals. It is similarly prescribed in Article 197 of the 

Civil Code, but individuals and corporations can use and develop property rights for certain purposes under the management 

of the State (Article 203). 

4－2．Biodiversity Law and its decree on the management of access to genetic resource and the sharing of benefits arising 

from their utilization (see the Table 2) 

The Biodiversity Law was enacted in 2008, and in 2017, after its enforcement, the decree on the management of access to 

genetic resource and the sharing of benefits arising from its utilization (hereinafter, ABS Decree) was enacted and became 

operational. The Biodiversity Law is not limited to the provision of acquiring genetic resources. The law has a wider range 

related to biodiversity conservation, such as the planning of protected areas to clarify the rights and obligations of organizations, 

households, and individuals for biodiversity conservation and sustainable development. 

Genetic resources are defined under the title of ‘conservation and sustainable development of genetic resources (Chapter 5)’. 

Article 55 stipulates, ‘the State uniformly manages all genetic resources in the Vietnamese territory’, implying that the State 

is the management authority of genetic resource. Furthermore, the State assigns organizations and individuals to manage 

genetic resource. As per the law, genetic resource is defined as ‘all species and genetic specimens in nature, conservation areas, 

biodiversity conservation facilities and scientific research and technological development institutions and in nature’. In 

accordance with the person in charge of the law, new plant varieties will come under this law. 

Article 56 stipulates the rights and obligations of the appointed individuals or organizations; Articles 57-59 define procedures 

relating to the acquisition of genetic resources, including contract and application contents; and Article 60 stipulates the rights 

and obligations of individuals or organizations that acquire genetic resource. Rights (a and b) and obligations (c-e) given to 

appointed individuals and organizations are as follows: 

a) To investigate and collect genetic resources assigned to them for management; 

b) To exchange, transfer, and supply genetic resources assigned to them for management to other organizations or individuals 

in accordance with the law; 

c) To notify competent state management agencies of the exchange, transfer, or supply of genetic resources to other 

organizations or individuals for purposes of research and development and production of commercial products; 

d) To enter into contracts on access to genetic resources and benefit sharing with organizations or individuals that are granted 

licenses for access to genetic resources under Article 59 of this Law; 

e) To control the investigation and collection of genetic resources by organizations and individuals that are granted licenses 

for access to genetic resources. 

In this manner, the appointed individuals are obliged to investigate, collect, and provide genetic resources. When acquiring 

genetic resource from individuals who have administrative authority, they are entitled to conduct investigations, collect, export, 

use genetic resource, and comply with contracts, submit reports, and share the benefits from its use (Article 60). The transfer 

of genetic resource to a third party is prescribed in Article 14 of the ABS decree, and it can be done if the requirements are 

satisfied. Furthermore, in the acquisition of intellectual property rights, it is required to identify the source or origin of the 

genetic resource. 

4－3．Seed Ordinance (see Table 2) 

Seed Ordinance was enacted by the Standing Committee of the National Assembly on 24 March 2004. Seed Ordinance 

stipulated the research, selection, evaluation, testing, protection of new plant varieties, and quality management of the seed. 
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As per this ordinance, plant genetic resource is defined as follows in Article 2: It refers to any ‘whole plant or any part of a 

plant that has genetic information to be able to breed or used in breeding new plant variety’. The provisions for the management 

and preservation of plant genetic resources are set in Articles 10 to 13 of Chapter 2. 

According to Article 10, ‘Plant genetic resources are national property which is managed by the State’ so that, if there is a new 

exploitation and a request for use, a person needs permission from the Ministry of Agriculture and Rural Development, and 

the Ministry of Fisheries. Further, in the case of exchanging a rare plant genetic resource, it should be within the purpose of 

research, selection, breeding, production, and trading of new plant varieties.  For exchanging international rare plant genetic 

resource, it is stipulated to acquire the approval of the minister from the Ministry of Agriculture and Rural Development, 

Ministry of Fisheries. 

4－4．Intellectual Property Law 

The Intellectual Property Act was enacted in 2005, revised in 2010, and is currently in operation. Newly developed varieties 

by breeding can be protected and acquired exclusive rights (breeders’ right) in accordance with this law. The law provides for 

two kinds of rights.  One is the right given to those who develop new varieties (as per Article 4, it is ‘the right of the organization 

or individual to the new varieties of plants created or discovered and developed by the organization or individual and falling 

under the ownership of the organization or individual’). The other is the right given to persons possessing the plant variety 

protection certificate obtained as per the procedure defined by the law (it relates to production, sales offer, import, and export 

as prescribed by the UPOV Convention). It is possible to obtain the right that satisfies the condition (Article 158) judged to be 

a new breed by a predetermined examination procedure (Article 164). Penalties are imposed when there is infringement of 

rights, that is, if the above acts are done without obtaining permission from a person possessing a protection certificate. 

However, acts such as private use for non-commercial purposes, scientific research purposes, and creation of other plant 

varieties are not regarded as an exception for breeders' rights in Article 190. 

5. Discussion and Conclusions on the legal system on genetic resource in Vietnam and further issues arising from 

‘legitimacy’ 

In Vietnam, genetic resource is regarded as state-owned property as per the Seed Ordinance enacted by the Standing Committee 

of the National Assembly in 2004; but, in the Biodiversity Act enacted by the National Assembly in 2008, the genetic resource 

Table 2. Overview of the Biodiversity Law and Seed Ordinance 

 Biodiversity Law Seed Ordinance 

Year of 

enactment 

2008 2004 

Ministry Ministry of Natural Resources and 

Environment 

Ministry of Agriculture and Rural Development 

Scope Genetic resource Plant genetic resource 

Legal status Public property State-owned property 

Individuals 

and 

organizations 

allowed to 

manage 

Conservation area management units, 

heads of biodiversity conservation 

facilities, organizations, households, and 

individuals 

State 

Right and 

obligation of 

individuals to 

manage 

Access, collect, and provide the genetic 

resource 

No (Individuals are responsible to contribute for the 

management of plant genetic resource in the local area) 

Restricted 

actions  

Access, transfer to third party, export of 

genetic resource 
1． New development and utilization of plant genetic 

resources 

2． Exploration and use of rare plant genetic resources  

3． Exchange of rare plant genetic resource for 

research, selection, breeding, and production 
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managed by the State belongs to the entire people with the representation and centralized management of the State. Thus, 

individuals and organizations who are assigned by the State manage the genetic resource practically. From the aspects of their 

interrelationship with the law, all relevant laws and ordinances are consistent with each other. First, because each law discipline 

has a different perspective on the access, utilization, and transfer. The Biodiversity Law basically disciplines ‘access’ while 

the Intellectual Property Law provides the different aspects of utilization. Second, the priority given to the different laws is 

clear. Article 5 of the Intellectual Property Law provides the order of priority among the laws, and in accordance with the 

Vietnamese legal system, the ordinance is at a lower level compared with law so that the Intellectual Property Law, 

Biodiversity Law, and Seed Ordinance are consistent with each other. 

However, the interview with the person in charge of the Biodiversity Law reveals there can be a potential issue on the 

implementation of the Biodiversity Law because the Biodiversity Conservation Agency assigns limited organizations and 

individuals, such as the national park, to manage genetic resource. According to the officer, there are no applications at the 

moment; however, there can be a potential risk for a conflict between the people and the government. For example, if a user 

wants to acquire genetic resource from a research institution that is not appointed despite managing genetic resource, the user 

will not be able to obtain a permit from the authority. For the user, it is a risk of violating the law. Thus, it is expected to 

implement the assignment to avoid conflict. 
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Notes: 

1 ABS: Access to genetic resources and Benefit Sharing．This phrase is used in relation with the third objective of the 

Convention on Biological Diversity. 

2 Complying with the national laws of each country is mandatory based on the sovereign rights of each country to its natural 

resources. This right was not first established in the CBD; it was created since the 1970s, and then established as an 

international customary law. 

3 The law concerning the establishment of the Code of Law in 2008 was to be submitted to the Diet in order to be released as 

a law after being enforced for a certain period of time; however, in accordance with the law revised in 2015, it was removed 

from the Diet 's Standing Committee’s authority to submit to the Diet. Therefore, it is expected that it will be submitted to the 

Diet as a bill for submission to the government. 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

1048



The role of the sustainability principle in climate change litigation 

Environmental liability in the aftermath of Urgenda 

 

Albert Ruda1 

1 Senior lecturer in private law, Faculty of Law, University of Girona (Spain), albert.ruda@udg.edu 
 

Abstract 
The ruling of a Hague court issued in June 2016 in the Urgenda case has meant a real earthquake, not only from a political 
perspective but also from the legal one. By considering that the Dutch State negligently failed to do enough to achieve the 
internationally agreed goals in order to fight climate change, this ruling has automatically become a leading case of 
comparative environmental case law and a template for similar lawsuits brought in other countries (such as the Klimaatzaak 
case in Belgium, the claim filed by Greenpeace Norge and Natur og Ungdom in Norway, or the one of a Pakistani lawyer 
before the Lahore court, among others). Interestingly enough, one of the basis on which several of these claims are grounded 
is the principle of sustainability (or sustainable development). Indeed, sustainable development is one of the very cornerstones 
on which the claimant's activity (namely the Urgenda foundation) is based, according to its bylaws. The paper exposes the 
meaning and scope of that principle in the context of environmental liability litigation in general and climate change litigation 
in particular. Taking the Dutch ruling a starting point, the paper inquires to what extent sustainability may or should induce or 
provoke changes in the present environmental liability law. Bearing in mind that the Dutch state has appealed the lower court 
decision, it is explored whether, and to what extent, tort liability may be established for having failed to keep up to the 
sustainable development principle and how this idea may have an impact on the practical application of the existing liability 
regimes. In particular, and taking into account that other environmental organizations are considering the possibility of filing 
suits against the states on similar grounds in other countries, it is questioned whether the Urgenda claim will eventually succeed 
and whether other it can be relied upon abroad. It is submitted that the outcome of the case is plagued with difficulties and that 
courts in other countries may not be as willing to tread into the political debate behind the claim. 
 
Keywords: climate change, litigation, tort law, liability, sustainable development 

1. Introduction  

Climate change poses fundamental challenges for humanity. Its implications are very diverse and of course include also 

liability for wrongs or torts.  

As is well known, tort liability has traditionally dealt with damages to individual persons (Ruda, 2007). A classic assumption 

is that of damage caused by nuisance or within the framework of neighbourly relations. A neighbour, for example, causes 

noises, vibrations or bad smells that bother others. Tort liability comes into play when there is damage to the interests of those 

neighbours, and therefore works as a device to protect individual interests. In this individual, classical or traditional plan, both 

parties in the obligation are normally identifiable in a clear manner: the author of damage and the victim. In addition, damage 

is usually easy to perceive, even in the case of imponderable interferences such as noise, bad odours or vibrations. 

However, when it comes to climate change, damage is not so obvious; in fact, it may be easy to deny it, simply because it is 

not that immediately apparent or is not easily perceived by the naked eye. Damage to climate is the result of a silent influence, 

one might say, but nonetheless a real one (Brasero, 2017). Besides, it seems clear that possible damage transcends the 

individual sphere in a double sense. First of all, it seems clear from the beginning who is harming damage the climate. All 

people contribute, in one way or another, to polluting the environment, often through everyday lawful activities. On many 

occasions, the causal contributions considered in isolation are very small and thus irrelevant but they acquire a much greater 

dimension when taken as a whole. Most of the time, it is not even possible to state that the damage author acted negligently. 

Therefore, the first problem is that it is not easy to identify a liable person. 

Secondly, it is not easy to identify the victim of damage. When pollution affects climate, in a certain sense it affects all of 

humanity, because we are talking about an environmental element that is collective in character. The victims are all, but 

damage suffered by each person suffers is very small. It is only the sum of all those tiny damages that becomes worrisome. 
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Again, then, a "micro" approach or focus on the concrete detail blurs the question. Or, to put it another way, the victim is the 

environment as such, which belongs to all of us. In these circumstances, the question that must be asked is who can claim, 

because if we are all victims, we should all be able to do it. And yet, the individual isolated damage is so derisory that no one 

has incentives to claim. The apathy of the victims is rational. 

Raised in these terms, climate damage poses a unique characteristic: we are all victims and causers at the same time, but only 

in an aggregate way do the causal contributions become relevant enough so that, in theory, the putting into effect of tort liability 

is justified. The second contradiction or paradox is that, when the authors coincide with the victims, there is no point in suing. 

As it is well known, if a creditor and debtor coincide in a person, the debt is extinguished (Article 1192 I of the Spanish Civil 

Code [CC], to cite a rule that exists in many systems). 

This approach could, in a first approximation, lead to the conclusion that tort simply has nothing to do in relation to climate 

damage. However, there is a circumstance that suggests that such a conclusion would be precipitated. Namely, in a growing 

number of countries claims are being brought before court for damage caused to the climate. And what seems even more 

surprising, some of these claims are succeeding. Without a doubt, the more striking case and the one that has led to a greater 

number of comments, both inside and outside the country where it has taken place, is the Urgenda case (Rechtbank (Rb.) Den 

Haag 24 juni 2015, ECLI:NL:RBDHA:2015:7145). A case with regard to which the sustainable development idea plays a key 

role, as will be shown below. The present paper thus explains the background and the approach adopted by that decision, in 

particular in connection with the sustainability principle. It ends by questioning itself whether a similar kind of claim would 

succeed in a different legal system, such as in the Spanish one.  

2. Methods 

Climate change poses very serious challenges for tort law, as has already been pointed out. To begin with, the victim of damage 

is the environment as such. Damage to climate affects a collective resource or good, such as climate. It is a collective or non-

individual damage, which does not fit well with the approach or individualist structure of tort liability law. In short, the victim 

of climate damage is not a specific person, but the environment itself. It is a pure ecological damage. This poses a first 

challenge, since tort liability is ill-equipped to respond to collective issues. The classic approach to individual responsibility 

is in trouble when what is at stake is not an interest of a specific person but a collective interest, as is environmental protection. 

Moreover, it seems that climate change is mostly a result of industrial development that, as everyone knows, has taken place 

mainly in certain countries. Thus, the problem of climate change also has an international dimension. The question that must 

be put then on the table is that of the responsibility of the States among themselves, a responsibility that is posed by the conduct 

of the States themselves or of individuals who are or develop their activity in the first. This question goes beyond the scope of 

this work, but it cannot be ignored. 

To the extent that climate change affects virtually all spheres of our lives as people, it can be said without fear of being wrong 

that it is the main problem of our time. Indeed, climate change is already forcing entire populations to move, with all that 

migration involves not only for those who move, but also for those who host. As has been highlighted recently in the case of 

the war in Syria, those displaced suffer very harsh consequences and their rehousing is not easy at all. 

This connects with another challenge, since climate change has a huge impact on human rights (or fundamental rights, as they 

are called in many legal systems). The most precious interests of a person, legally protected through the technical file of those 

rights, are put seriously at risk. In that sense, it has been written that the number of people affected will far exceed the total 

number of victims of the worst human rights violations that currently occur or have occurred in the past (Spier, 2012). In the 

end, the problem of climate change is a matter of human rights protection. Thus, the policy adopted in relation to climate 

change (and this includes the law of civil liability) must also take into account the protection of human rights (Foster and 

Galizzi, 2016). 
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Thus, it can be noted that climate change is "the" challenge, not only for society in general, but for the law in particular. As 

stated by the Secretary General of the United Nations, Mr. Ban Ki-moon, at the opening ceremony of the congress on climate 

change in Abu Dhabi Ascent on May 4, 2014: " Climate change is the defining issue of our time”. An echo of that statement 

is found in those who say that climate change is, in fact, the greatest challenge humanity has ever faced (Spier, 2012). 

Especially, for companies it will be a formidable challenge, for which the vast majority, unfortunately, is not prepared. It is 

essential that they begin to adopt their policies to the needs of this struggle (Expert Group on Climate Obligations of 

Enterprises, 2018). 

Of course, we cannot turn our back on the fact that climate change is still denied by some. There is, especially in recent years, 

a greater insistence that climate change is a hoax, as there is also or a tendency to minimize its possible effects. Indeed, it has 

been pointed out that much of the problem of climate change is caused by our lack of knowledge of how ecology works 

(Leopold, 2017). However, one cannot turn one's back on the ideological aspect. Specifically, the fight against climate change 

requires State intervention of such calibre that it arouses the wrath of the supporters of the prevailing neoliberalism (Klein, 

2014). In any case, climate change exists because the scientific consensus says so. 

In that sense, the scientific consensus is gathered by the so-called Intergovernmental Panel on Climate Change (IPCC), 

namely, the scientific organism sponsored by the UN that aspires to express a view as objective as possible about climate 

change. The IPPC was created precisely to evaluate the evidence of a human-induced climate change, as well as to determine 

its impact and vulnerability and to make a scientific statement on how to adapt to it and mitigate its effects (French and Pontin, 

2016). This is, in fact, the most authoritative voice from the scientific and technical point of view in terms of climate change 

(Maslin, 2014). The IPCC concluded that: 1) climate change is already happening, and 2) all we need to know is when, where 

and how their effects are manifest. 

The definition of climate change is foreseen by the aforementioned an international instrument, namely the United Nations 

Framework Convention on Climate Change (UNFCCC), of 1992 (in force since 1994). According his art.7.2, the change 

climate is a change of climate which is attributed directly or indirectly to human activity that alters the composition of the 

atmosphere and which is in addition to natural climate variability observed over comparable time periods. The definition 

emphasizes the human or anthropic origin of climate change, the affectation of the atmosphere, and the fact that the change is 

greater than that due to mere natural variability. 

3. Results and Discussion 

As has been pointed out in part, there are already several legal claims that have been filed to request liability for climate 

change. In a non-exhaustive list, one may refer to at least the following countries: The Netherlands (Urgenda), USA 

(Washington Kids), Belgium (Klimaatzaak), Pakistan (Leghari), etc. There are reasons to think that climate litigation is going 

to be a booming industry (Spier, 2002).  

Before examining the characteristics of these claims, one may ask why they are being considered precisely now and have not 

taken place, for example, 15 or 20 years ago. There are several reasons surely. Mainly, international texts, whether normative 

or not, have been evolving towards a greater recognition of climate change and the problems it raises. In that sense, one may 

mention the Universal Covenant affirming a human right to commons- and rights- based governance of Earth's natural 

resources (Commons’ Law Project, 2013); a statement from the International Law Association on legal principles related to 

climate change (Declaration of Legal Principles Relating to Climate Change, 2014); a draft model law on legal remedies for 

climate change (Model Statute on Legal Remedies for Climate Change [draft]), prepared by a working group of the 

International Bar Association in 2014), or the Oslo Principles on Global Climate Change Obligations, prepared by a group of 

professors headed by Jaap Spier (2015). 

These claims have several aspects in common. These are first of all filed before court by Non-Governmental Organizations 

(NGO) or ordinary citizens, or a combination of both. From the point of view of the defendants, it is usually the State or a 
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government agency. The object of the claim is to take a more rigorous conduct from the environmental point of view, 

specifically in relation to the level of greenhouse gas emissions. Regarding the methodology, the claims have a solid scientific 

basis, so they cite numerous research studies in specialized journals or reports such as the aforementioned Panel. References 

and publications and national or international scientific reports abound. As for the legal basis, they are based on European law, 

the national or domestic law of the corresponding country, and on international human rights texts (such as the European 

Convention on Human Rights [ECHR]).  

More specifically, with regard to the texts that serve as wickers of the demand, it is necessary to refer to the UN Framework 

Convention on Climate Change (referred to above); the Cancun agreements (2011); the Doha Amendment to the Kyoto 

Protocol (2012); to this one must add the case law of the European Court of Human Rights (Strasbourg), specifically that 

relating to the protection of the environment (on the basis of Article 8.2 CEDH). References to the International Court of 

Justice (The Hague), in particular to the principles no harm and the precautionary principle, are also common, as well as those 

to the principles of equity and sustainable development, a concept which both public and private law still have to explore in 

depth (Sachs, 2015). 

Among these principles, the principle of precaution (or precautionary principle, as it is sometimes called or in certain regions) 

is of particular interest. As is well known, it is recognized by the Rio Declaration (1992), specifically in his Principle 15, 

according to which: 

In order to protect the environment, States should widely apply the precautionary approach according to their 
capabilities. When there is a danger of serious or irreversible damage, the lack of absolute scientific certainty 
should not be used as a reason to postpone the adoption of cost-effective measures to prevent environmental 
degradation. 

  

The precautionary principle forms the basis of most claims. Specifically, it is considered by the aforementioned Oslo Principles 

as the basis of all the obligations that these principles impose on the States. According to the Oslo Principles, the precautionary 

principle obliges the States: a) to do everything they can to mitigate the effects of climate change, and b) to start as soon as 

possible. This criterion is consistent with the opinion of one of the drafters of these principles, for whom the precautionary 

principle is of fundamental importance in this matter and is the great forgotten of the books on the Law of Damages (Spier, 

2012). The implications of the precautionary principle for tort liability have not begun to be explored more than recently (de 

Jong, 2016). Leaving this aside, at this point the focus of these Principles is a little different from the Urgenda ruling, to which 

reference will be made later, because for the court the State has to fulfil its reduction commitment and that's it. In contrast, the 

editors of the Oslo Principles maintain that everything must be done to avoid climate change. This is clear from the ECtHR 

jurisprudence on human rights violations. This is true at least for the developed countries, which are the ones that have 

contributed to it (Spier, 2012). 

The principle of equity is also very important as fairness requires, in this context, to take into account not only the present 

generation but also future ones (intergenerational solidarity). To the above, one must add the principle of common but 

differentiated responsibilities, according to which industrialized countries bear a higher duty, because of its greater capacity 

and its historical responsibility to fight climate change. There is not, on the other hand, a cause of exoneration based on the de 

minimis argument. It cannot be argued that the contribution of a country is merely marginal (Urgenda). 

Another point on which the claims are based are human rights. The rights recognized by the European Convention on Human 

Rights that could be impaired by climate change are the right to life, the right to privacy, and privacy in the family, the right 

to health, right to water, right to food, and right to property. 

As regards European Union law, reference must be made in particular to the Treaty on the Functioning of the European Union 

(TFEU), specifically his art. 191 (of which the first two sections are now of interest): 

  
1. The policy of the Union in the field of the environment shall contribute to the following objectives: 
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- conservation, protection and improvement of the quality of the environment, 
- the protection of the health of people, 
- the prudent and rational use of natural resources, 
- the promotion of measures at the international level to deal with regional or global environmental problems. 
and in particular to fight against climate change. 
  
2. The policy of the Union in the field of the environment shall aim to achieve a high level of protection, 
bearing in mind the diversity of situations existing in the different regions of the Union. It will be based on the 
principles of caution and preventive action, on the principle of correcting attacks on the environment, 
preferably at the source itself, and on the polluter-pays principle. 

As has been pointed out, sustainability is a major cornerstone of these developments. As is well known, the principle at stake 

is embodied in the UN Framework Convention on Climate Change, which is referred to by the claimants. According to its 

webpage (<http://www.urgenda.nl>, as of May 2018), Urgenda defines itself as a Dutch foundation which ‘aims for a fast 

transition towards a sustainable society, with a focus on the transition towards a circular economy using only renewable 

energy.’ This already gives an idea of the specific weight that the sustainability principle has within Urgenda’s ‘ideology’.   

The idea of sustainability actually permeates the whole articles of the foundation at stake, which can be found online and were 

quoted by the court decision as well. Pursuant to Art. 2.1 of the by-laws, Urgenda pursues ‘to stimulate and accelerate the 

transition processes to a more sustainable society, beginning in the Netherlands.’ Moreover it aims to meet such an objective, 

inter alia, by ‘establishing a sustainability platform which will develop a vision for a sustainable Netherlands in the year two 

thousand and fifty (2050), as a motivating perspective for all parties involved in sustainability; b. identifying organisations 

and initiatives which are involved in sustainability and connecting them to form a sustainability movement; c. drawing up an 

action plan for the next fifty (50) years and implementing it with partners from society; d. initiating, stimulating and assisting 

Icon projects and regional sustainability projects which subscribe to Urgenda’s objectives and which serve as a means of 

communication in order to show third parties what sustainability means in actual practice.’ Urgenda’s by-laws define 

‘sustainability’ along the lines of the Brundtland Report (officially known as the World Commission on Environment and 

Development of the United Nations), which reads as follows: ‘Sustainable development is development that meets the needs 

of the present without compromising the ability of future generations to meet their own needs.’ This is an essential aspect of 

the decision since it serves the purpose of ensuring the foundation’s legal standing to sue the Dutch State. As the Dutch court 

states, those stipulations –e.g. the Brundtland Report or the UN Framework Convention—‘are also aimed at protecting the 

interests Urgenda seeks to defend.’ The idea of sustainability is referred to up to 36 times by the court’s decision, in particular 

in connection with the idea of a transition to a sustainable society, sustainable energy, sustainable economic growth or simply 

sustainability development, among others.  

Indeed, the star case and that has really marked epoch to date has taken place in The Netherlands. It is a claim filed by the 

Urgenda Foundation and 886 Dutch citizens. The claim has triumphed in the first instance, having been estimated by a district 

court in The Hague (Rechtsbank Den Haag) on June 24, 2015. Initially, it appeared that the Dutch State was not going to 

appeal the judgment, but the appeal is now filed and the hearing on appeal is scheduled for May this year. 

The foundation of the sentence is complex. Mainly the claimants are based on Dutch domestic law. To start with, support is 

sought in the Dutch Constitution (Grondwet), according to whose art. 21 (in the English translation of the use): 

It should be the concern of the authorities to keep the country habitable and to protect and improve the 
environment. 

A comparable rule, incidentally, exists in many other European constitutions, such as the Spanish one (Article 45). 

The claim is also based on the Civil Code (Burgerlijk Wetboek [BW], in particular according to his art. 6: 142. This rule is the 

one that contains the general clause of civil responsibility for damages caused by the fault (schuld). Damage (schade) caused 

by an unlawful act (onrechtmatige daad) has to be compensated (section 1). For this, damage must be attributable to the liable 

person, and it is attributable to him, among other assumptions, if he has acted with fault (section 3). 
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To analyse the fault, the Dutch courts use the standard set by them. Specifically, the reference case is a judgment of the Dutch 

Supreme Court (Hoge Raad) of the year 1965, relating to damage caused by a fall a customer of a bar through the trapdoor of 

a basement (the case is commonly known as kelderluik arrest). It happened in that case that the visitor to the bar went to the 

services of the same and, on the way, fell through the trapdoor that the carrier of a company that supplied drinks had left open 

negligently. What is interesting about the Urgenda case is that the Hague court was based precisely on that analysis to blame 

the Dutch state as liable for climate change. One should therefore stop at this aspect of the analysis of the duty of care, albeit 

briefly. The items to be considered according to the court are: 

a) the nature and extent of damage resulting from climate change; 

b) the knowledge and predictability of that damage. In this sense, the scientific knowledge derived from the IPCC 

panel must be taken into account, and this is how the court understands it; 

c) the probability that a dangerous climate change will take place. In effect, damage can be catastrophic (as was 

already evident in an American case (Massachusetts v. Environmental Protection Agency, 549 U.S. 497 (2007)); 

d) the nature of the acts (or omissions) of the Dutch State. In fact, the State is subsidizing emissions economically. 

Furthermore, while it is true that the Dutch State emits relatively little if emissions from other countries are taken 

into account, their emissions are disproportionately large. 

e) the onerous nature or otherwise of adopting precautionary measures; 

f) the discretion of the State to execute its public duties. In this regard, the court considers that the State lacks any 

the discretion to comply or not with these duties, since it has assumed an international commitment to reduce its 

emissions. Specifically, the Dutch State has set itself the objective internally of a 16% reduction in emissions in 

2020 (instead of the 25% that it has committed to at the international level). Obviously, given that difference of 9 

percentage points, the aforementioned State is not fulfilling those duties. 

The arguments of the defence of the Dutch State were diverse: 

a) First, the State minimizes its participation in the causation of the alleged damage. In effect, the contribution of the 

Netherlands to the climate change is very small compared to many other larger countries. 

b) It also alleges that the State is not the cause of the emissions that take place in its territory. Of course, these are 

emissions caused by private parties, not the State. 

c) It also alleges that no international standard requires the Dutch state to achieve the objectives of reducing 

emissions. 

d) Finally, the State relies on the principle of separation of powers (machtenscheiding, trias politica). For the Dutch 

State, the court is not competent to assess an action by the State, because otherwise it would constitute an interference 

with its attributions. 

After assessing all these considerations, the Court of the city of The Hague condemned the Dutch State, on the basis of the 

following arguments: 

a) The Dutch State has a duty of diligence (zorgvuldigheidsplicht), a duty that is based on art. 6:102 BW, therefore, 

in a legal-civil rule on liability. That duty has been violated by the actions of the State, which has not acted with due 

diligence. 

b) It is true that citizens cannot rely upon the Kyoto agreement directly to require the State to comply with its 

international commitments, but the agreement itself defines the duty of care of the State. These types of agreements 
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become relevant, since they allow determining how the State should behave, even if they are not legally binding 

(Cox, 2016). 

c) The Dutch State has a constitutional duty to protect the environment (Article 21 Grondwet). 

d) It is irrelevant that Holland's contribution to climate change is comparatively small. 

e) Dutch law does not know a complete separation between the powers of the State. Each power has its 

responsibilities, but the performance of the political bodies can be examined by the judges independently. 

There are other cases as well, which usually refer to the sustainable development as a basis for the claim as well. Indeed, in a 

very short time, Urgenda has proven to be a fruitful model. The clearest example known is the Klimaatzaak case, that has been 

raised in Belgium. Klimaatzaak is the name of an NGO based in Belgium, which raised in April 2015 a demand in the image 

and likeness of the one that triumphed in its neighbouring country. In essence, the complaint asks the Belgian Government 

and the regional authorities to reduce greenhouse gas emissions by 2020. It is based on the ECtHR case law (Boudayeva v. 

Russia and Öneryildiz v. Turkey cases) and the ICJ (Pulp Mills case), specifically in relation to the principle of prevention. 

Some authors have already predicted the same result as in the Urgenda case (Cox, 2016). 

Another reference case is the one solved in Zoe and Stella Foster et al. v. Washington Department of Ecology (Judgement No 

14-2-25295-1 SEA), known in shorthand as Washington Kids case. The fact were 8 minors, who asked the Department of 

Ecology a more ambitious reduction in emissions of greenhouse gases. The Governor of the State recognized that the request 

was valid, but he asked the court to dismiss it. The decision refers to duty of care (as in Urgenda) and to the public trust 

doctrine, a doctrine that allows to understand that certain collective goods are protected by the State on a fiduciary basis. 

Very similar to the above is the case of Kelsey Juliana, also in the US. In this other litigation, a total of twenty-one plaintiffs, 

plus the NGO Earth Guardians and a professor at Columbia University, Dr. James E. Hansen (as guardian of future generations) 

sued the US, the president of the country, and various officials of federal agencies and the agencies themselves. The purpose 

of the claim was to request compensation for having promoted climate change. In April 2016, the Oregon court before which 

the application had been failed dismissed it; however, it referred to the duty of care of the defendants. 

Another case has the peculiarity of being located outside of Europe, specifically in Pakistan. Ashgar Leghari, a citizen of that 

country, filed in August 2015 a suit against the Federal Government of Pakistan and the regional government of Punjab, to 

demand that they develop a national climate change policy (adopted in 2012), in relationship with adaptation to new forms of 

energy. The claim states that climate change poses a risk to food and water security in Pakistan. For geographical reasons, the 

country is especially sensitive to climate change and may be severely affected in the water supply if climate change is going 

to get worse (Ahmad and ur Rasool Bilal, 2016). The Lahore High Court Green Bench on September 4, 2015 concluded that 

the State's passivity violates the fundamental rights of its citizens. As a result, issued an order for the authorities to implement 

that policy. As for the basis of the judgment, it is based once again on the aforementioned public trust doctrine. 

The next case is a complaint filed in November 2017 by three NGOs in the form of an association, namely the Norwegian 

division of Greenpeace (Greenpeace Norge), Natur og Ungdom, and Besteforeldrenes klimaaksjon, against the State and the 

departments of Petroleum and Energy (Staten ved Olje-og energidepartementet) of the Norwegian State. The case has been 

settled a few weeks ago by the Oslo court of first instance (Oslo Tingrett). The situation that gives rise to the claim is the 

following. The Norwegian Parliament had allowed oil drilling off Lofoten (in the Sea of Barents), on June 10, 2016. In the 

opinion of the complainant organizations, this administrative authorization infringes the Norwegian Constitution, which 

protects the environment in these terms (Article 112): 

Every person has the right to an environment that is conducive to health and to a natural environment whose 

productivity and diversity are maintained. Natural resources shall be managed on the basis of comprehensive long-

term considerations which will safeguard this right for future generations as well. 
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The lawyer of the State had argued that this norm does not give the private subjects legal standing to sue the State. It is 

remarkable that what the claim does is to question the legality of the authorization. However, no compensation is requested. 

The case has ended with a dismissing judgment, dated January 4, 2018, which has also imposed on the plaintiffs the costs of 

the process (NOK 580,000, the equivalent of about € 60,600). The ruling, whose full text (in Norwegian) can be consulted 

online, holds that the decision of administrative concession of the oil exploitation permit, which was the substance of the 

matter, is valid, and the reasons given by the plaintiff associations are not sufficient to sustain the contrary. 

According to a press release from Greenpeace Norway, the Oslo court only partially gives reason to the plaintiffs and ends up 

acquitting the State, although they consider that the grounds for that part of the decision are wrong. The process, according to 

ecologists, has served, however, to raise awareness about the wrongfulness - in his view - of government policy. At least one 

of the three associations has already expressed itself in the sense of wanting to appeal the judgment on appeal. 

4. Conclusions 

The logical question that can be asked after the previous examination is: what now? We must ask ourselves about future 

perspectives, in particular, on what will be the result of these demands à la Urgenda. For this it is convenient before analysing 

this court decision critically. 

In the first place, it seems evident that the Urgenda case sets an example, a model to be followed by other countries (as the 

cases cited show). Among its benefits or virtues must include the fact that it has stimulated the debate on climate change and 

the role of States. He has publicized the problem (Bakkes, 2015). In addition, the translation of the sentence into English has 

undoubtedly enhanced its international influence. Even the fact that the Dutch State has appealed the ruling has not been an 

obstacle for it has already improved its measures to fight climate change.  

The latter is already a reason for celebration for Urgenda. However, there is something that is probably surprising, as the 

process does not end with a ruling to compensate for damage. Indeed, compensation is not sought, but the Dutch State is 

ordered to comply with its international commitments and to do more to fight climate change. It could even be questioned if 

the compensation remedy is the most appropriate in these cases. Some people understand that it is not, because compensation 

would cause more harm than good (Spier, 2014). Of course, an excess of greenhouse gas emissions constitutes a violation of 

one or several human rights. However, compensation for all damages or full exceeds the financial capabilities of (almost) all 

companies and states (Spier, 2012). Causing massive bankruptcies and destroying the economic system, which is indicated as 

a possible effect of beginning to demand compensation, would not solve the problem, it is believed (Cox, 2012). Therefore, it 

has been pointed out that compensation for damages is not the remedy for climate change. 

In that sense, the causal link is considered by some to be the main obstacle to responsibility for climate change. The problems 

of uncertainty occur both on the side of the plaintiff (indeterminate plaintiff) and that of the defendant (indeterminate 

defendant) (Pottker, 2014). It may be too early to establish a strong causal link between greenhouse gas emissions and damage. 

Science has not advanced enough to link a specific natural disaster to climate change (Spier, 2012). However, the knowledge 

that currently exists would have to be sufficient at least to obtain prudential or provisional protection, which in English is 

known as injunctive relief (Spier, 2012). At least one could claim prudential protection, by way of the negative action (in its 

aspect of cessation action) based on the threat of natural disasters -such as hurricanes- in general (Spier, 2014). 

Be that as it may, the Urgenda type claim is favoured by the current state of affairs in environmental law in general, and in 

relation to climate change in particular. The law on current climate change adopts a bottom up approach that favours the role 

of national states. With this, it opens the door to claims of this type. To this must be added to lack of international courts for 

global climate change. National courts are an important forum to discuss this issue (Bach, 2016). 

From the perspective locus standi, the claims are filed by NGOs and citizens. They are not the traditional victim, but those 

who complain often do so in defence of the environment in general, or of the community as a whole. This type of action is 

covered by the 1998 Aarhus Convention. However, this Convention has been received in very different ways according to the 
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countries of the European Union. One could wonder if the claim would have the same success in all of them. Some scholarly 

opinion has predicted that in Spanish law an Urgenda type claim would be possible (Vilchez, 2016). As pointed out by one of 

the decisive drivers of the claim in question, all States have a duty to act diligently, and the standard of fault is universal (Cox, 

2014). In the case of Spain, in addition, the State responds strictly or without fault. The question seems more doubtful in other 

systems - like Germany - where environmental associations are not as active. In fact, in Spain there has been no claim of this 

kind yet, but it is known to the author that one is being prepared. 

Another aspect to consider is that most of the alleged rules as the basis of the demands imposed obligations between States, 

not against private individuals (as is the case of Urgenda). This poses an interesting problem, which has an obvious dimension 

of international law. The States bind themselves to each other, on the assumption that no private party will demand compliance 

with these obligations. Treaties usually do not have enforcement mechanisms, which contributes to the problem. On the other 

hand, separation of powers does not justify the violation of national law and international and human rights. Therefore, a State 

cannot hide behind policies to avoid its international obligations and thus justify a violation of human rights. 

Another problem with the Urgenda judgment is that the analysis carried out on the issue of causality is insufficient. For Dutch 

law it is not enough to rely on a concept of causality in the natural sense, but it would also be necessary to analyse the relativiteit 

(Bakkes, 2015). On the other hand, even from a strictly causal point of view, climate change is a multi-causal phenomenon. 

Not all damage can be attributed to the State alone. The analysis of the Dutch court is, therefore, reductionist, by not taking 

into account the role of infinite other causes to the phenomenon of climate damage. It cannot be forgotten that uncertainty 

permeates the issues of climate change (Sadeleer, 2016), including causation. 

The debate may also focus on another aspect, such as judicial activism. It can give the impression that in the end the success 

or failure of the action depends exclusively on the free judgment of the judge. In effect, much depends to a large extent on the 

flexibility with which judges interpret and apply current law (Spier, 2012). But the debate about the separation of powers is 

undoubtedly one that can transcend the specific scope of this case and that has very profound implications. The basic issue in 

the Urgenda case and all the others that are cut according to the same pattern is a political issue, but also a legal one (as it 

refers to the analysis of the fault element) (Bakkes, 2015). To what extent the State ends up being considered liable or not 

depends on the national judges. But precisely what should be established is whether a judge can enter into these types of issues. 

In the Urgenda case, it happens that tort liability law is instrumentalised to interfere with the regulation of risks carried out by 

the public Administration (de Jong, 2015). Tort liability thus becomes a means to counterattack in case of passivity of the State 

in relation to risks to health or the environment (Saurer and Purnhagen, 2016). In other systems, such as the German one, the 

legal scholarship has already pointed out that it is a constitutional issue, vetoed to the ordinary judge (Saurer and Purnhagen, 

2016). Even the Dutch legal scholarship has pointed out, in a critical tone, that the Dutch judge has assumed the role of the 

legislator (Bakkes, 2015). However, the opinion is not unanimous: the doctrine is divided (Boogaard, 2016). In any case, it is 

also possible to discuss whether a court of justice is the best place to judge the action of a government (Bergkamp and 

Hanekamp, 2015). What's worse, the condemnatory ruling can have a boomerang effect (Bergkamp, 2015a). In effect, the 

States will think twice before signing similar agreements, since they will be exposing themselves to claims of this type. It is 

even suggested that it paves the way for a totalitarian state, since it opens the door for anyone to question the policies of the 

state (Bergkamp, 2015b). 

In short, it is still too early to judge whether the claims à la Urgenda will eventually succeed or not. On the other hand, it may 

be a Pyrrhic victory, because in any case it may already be too late to solve the problem of climate change. Basically, as all 

lawyers know too well, normally the response of the legal system comes too late to all problems (Harremoes et al, 2001). 

Be that as it may, the initial victory in the Netherlands suggests a promising future, also for the principle of sustainable 

development which is one of the cornerstones of the claim. However, there are many uncertainties. At stake is not only a legal 

technical analysis on the elements of civil responsibility (such as negligence), but also a political debate on the respective role 
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of the Government and the judges. That this debate is resolved soon is convenient not only for a better definition of the current 

law, but also to protect an interest that affects us all, such as the environment. 
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Abstract 

Corruption is considered one of, if not the, largest issue hindering progress towards sustainable development and ultimately 

the global eradication of poverty. Corruption decreases the amount of aid that reaches its intending destination for those in 

need. It also reduces the efficiency of international aid thereby undermining its validity. Corruption depresses the incomes and 

overall GDP of many countries in Africa, especially those reliant on aid with rich deposits of natural resources. This paper 

focuses on the effects of corruption on natural resource governance. Specifically, the paper addresses the so called “natural 

resource curse” as a guiding framework, which is an especially problematic paradox in African countries. The premise is that 

an abundance of natural resources leads to more corruption, thereby to less economic growth, less democratic government, 

and lower levels of development, as measured by the Human Development Index, than countries with less natural resources 

endowments. A novel systems modeling methodology combining civil systems engineering, system dynamics, and political 

science is presented to analyze the interactions of corruption with the environment in the context of the natural resource curse 

in African countries. Until now, few systems approaches have been proposed to analyze different acts of corruption (rentier 

effect, repression effect, and modernization effect) in any fashion, and the ones that do rely entirely on perception-based data, 

namely the Transparency International’s Corruption Perception Index. The systems-based methodology presented herein is 

compatible with the social sciences and directly utilizes peer-reviewed literature as a tool to build models. In doing so, we 

advocate more collaboration and transdisciplinary research among technical scientists and engineers, system dynamicists, and 

social scientists (especially political scientists to address corruption issues and complex issues more broadly). New system-

level understanding of corruption can be extracted from methods such as the one proposed and presented herein. To 

demonstrate this capability, a qualitative system dynamic stock-and-flow diagram is created where each variable and 

interaction is sourced to at least one peer-reviewed, social science article that can greatly increase model validation and 

confidence in accuracy; it depicts the world as it is, not as the modelers thinks it is. The proposed methodology can effectively 

aggregate the relevant data and literature into a high-level model, yielding significant insight and value to decision makers and 

those working with complex social and political issues. 

Keywords: corruption, natural resources, governance, qualitative data analysis, system dynamics 

1. Introduction  

The paper aims to bring social and political scientists together with engineers and system dynamicists. Throughout this paper, 

we argue that these two groups have much to offer to each other. A major barrier to their collaboration, however, is that 

“[s]ocial scientists and system dynamicists approach research from very different perspectives…[as] there appears also to be 

a fundamentally different understanding of the way in which [causality] can be validly inferred” (Morris, 2001). These 

differences can be remediated through hybridization of methodologies used by both groups – the more qualitative and societal 

focus of the social sciences with the more quantitative and technical nature of engineering and system dynamics. The 

transdisciplinary approach presented herein “can contribute an attractive alternative in the social sciences, broadening the 

scope of research” (Morris, 2001). This unique approach is useful for all social issues but is especially designed for complex 

systemic issues such as corruption. 

The proposed methodology uses a systems-based approach, specifically the qualitative portion of system dynamics modeling. 

It assumes that corruption is a behavior caused by structural deficiencies in the governance system. In the next section, we 

begin with a discussion of corruption, its impacts, definitions, and its various interdisciplinary perspectives. In the third section, 

the topic of corruption is bounded to natural resources governance (henceforth the Natural Resource Curse), since corruption 

in and of itself is quite complicated and expansive. Five fundamental causal mechanisms will be discussed as they form the 

main structures of the Natural Resource Curse (NRC) and the backbone of an eventual systems model, to be the topic of future 

work. The results section shows a systems representation of the dynamics of corruption in the form of a stock-and-flow diagram 

and provides a discussion of how to understand and read it. Lastly, we conclude with a discussion of the method and policy 

recommendations. 
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2. Corruption 

Corruption is a problem, plain and simple. It exists in various degrees and forms in all societies; it can happen at any time, in 

any time-period, and has been present throughout history. It is endemic in all human systems, is a societal problem, and is a 

global phenomenon that “transcends national boundaries and frontiers (Iyanda, 2012)”: 

• 3.3% of the $30 trillion global economy is lost to bribes each year (Goel and Nelson 2010) 

• 5-25% ($26-130 billion) of World Bank funds were lost or misused due to corrupt practices (Berkman et al., 2008) 

with more recent estimates as high as a $1 trillion (Liotta and Miskel, 2012) 

• Corruption also exacerbates income inequalities and poverty; the Gini coefficient, a measure of income inequality 

ranging from 0 (perfect equality) to 1 (perfect inequality), worsens by 11 percentage points and income for the 

bottom quartile of people falls by 4.7 points with a one standard deviation increase in corruption (Gupta et al., 2002) 

• Developed countries are not saved from the economic impacts of corruption, where 1% ($170 billion) of the 

European Union’s GDP is lost due to corrupt actions (Oberoi, 2014) 

• India lost $7.7 billion a year (in 2000 $USD) between 1948-2000 in illegal capital flows (Oberoi, 2014) 

• Corruption depresses the quality of Indian businesses by roughly 40% (Oberoi, 2014) 

• 25 - 40% of any given African country’s GDP is lost from corrupt practices (Oberoi, 2014) 

• A one standard deviation reduction in corruption improved annual investment in a country by 4% of GDP and 

increase GDP’s annual growth by 0.5% (Oberoi, 2014) 

• Corruption depresses the Kenyan economy by 12% of GDP (Liotta and Miskel, 2012), nearly as large as their entire 

industry and manufacturing sector at 14% (“Economy of Kenya,” 2017) 

• The average Kenyan income was 424 times smaller than what parliamentary members awarded themselves for their 

salaries, a direct indicator of corruption (Liotta and Miskel, 2012) 

2.1. What Is Corruption? 

Corruption is a broad term with many definitions spanning multiple disciplines, but a general definition that encompasses most 

others is when someone does something without authorization for personal gain and usually at the expense of another. 

Transparency International's (2016) definition is similar and the most widely used: “the abuse of entrusted power for private 

gain.” Jancsics (2014) labels an agent as corrupt when they intentionally sacrifice their organization’s interest or betrays its 

trust. Multiple definitions are compiled by Iyanda (2012) but when they are aggregated they sound familiar: (i) unlawful use 

of official power to enrich oneself usually at the expense of others; (ii) when someone knows better but chooses the worse 

option; and (iii) when someone acquires something to which they are not entitled. Taken together these definitions have 

common components that determine when something is a corrupt act: (i) it is illegal, secret, or informal exchange of formally 

allocated resources; (ii) at least one corrupt party is formally involved in the entity from which resources (broadly defined) are 

extracted; and (iii) the corrupt act is against formal rules, laws, or policies (Jancsics, 2014). Beyond those mechanisms, 

corruption requires three conditions, or an enabling environment, to arise and then persist: (i) discretionary power or authority 

among relevant people; (ii) the incentives to be corrupt (i.e. incentives, utility, or gain to be made from being corrupt); and 

(iii) weak institutions which make it easier for corruption to happen and continue (Aidt, 2003). 

An act is considered corrupt so long as it adheres to the conditions and contains the components described above; Table 1 lists 

and explains some common corrupt acts. Corruption is the prevalence of and damage caused by corrupt acts. In this work, 

corruption is synonymous to rent-seeking, which is the desire and tendency for an entity to engage in corrupt acts for extracting 

illegal rents. Rents are the benefits (financial, favors, or otherwise) acquired through the corrupt acts. 

Table 1. Corrupt actions common in natural resource governance; adapted from Rose-Acker and Palifka (2016) and Iyanda 

(2012) 

Bribery 

Money, gifts, or favors given to a government or corporate official in exchange for breaking rules 

to give preferential treatment, an advantage, or otherwise some kind of benefit to be received (see 

extortion) 
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Extortion 
Demanding a bribe or favor from an official, where the official usually is at a position of lesser 

power (see bribery) 

Exchange-of-

favors 
The exchange of one broken rule for another. 

Clientelism/ 

patronage 
General favoritism to a specific group (see nepotism and cronyism) 

Nepotism 
Putting someone into a position of power based on the strength of social connections rather than on 

merit or the legal process (see clientelism/patronage and cronyism) 

Cronyism 
Giving preferential treatment to one’s group (racial, ethnic, religious, political, or social) over other 

groups (see clientelism/patronage and nepotism) 

Embezzlement Theft from the employer (firm, government, or NGO) by the employee. 

Kleptocracy 

An autocratic state that is managed to maximize the personal wealth of the top leaders and is closely 

related to economic inequality; there are virtually no differences between the economic elites from 

the political elites, with Russian oligarchs as a prime example. 

Influence peddling Using one’s power of decision in government to extract bribes or favors from interest parties. 

Tax evasion 

Avoiding tax can be legal or illegal. It can be a subset of bribery and is a mechanism reduces the 

efficiency of revenue generating tools. Utilizing legal loopholes is a form of corruption in that the 

citizen is not paying all the taxes that they are supposed to due to structural inefficiencies or 

problems in the revenue accumulation systems of a government. 

Conflicts-of-

interest 

Having a personal stake in the effect of the polices one decides; although not directly a corrupt act, 

a conflict-of-interest can heavily influence corrupt practices. 

2.2. Disciplinary Perspectives of Corruption 

The definitions of corruption differ by discipline of which most come from the social sciences. For economists, people are 

rational actors that seeks to maximize their profits (utility) and corruption is a mechanism to do so. Corrupt practices are also 

manifestations of wage differentials between public servants and their more profitable private sector counterparts; governments 

cannot, or will not, compete with private companies in the market when it comes to salaries of their employees (Ades and Di 

Tella, 1999). When the costs of corruption are smaller than its benefits, corruption is more widespread and systemic (Andvig 

et al., 2000; Heath et al., 2016) as is especially the case in the developing world. In general, economists are interested in the 

impact of corruption on economic development (Torsello and Venard, 2016), thus they tend to view corruption mostly as a 

problem to be solved as opposed to a phenomenon to be understood. 

There are multiple theories about corruption in political science, which represents the most common discipline involved in 

corruption research. One states that corruption is a way to overcome burdensome bureaucratic red tape to increase efficiency 

(Andvig et al., 2000), or colloquially, corruption ‘greases the wheels.’ Similarly, poor institutional structure and quality can 

be a catalyst for corruption, which causes inefficient bureaucracy. Weak institutions make corrupt acts easier and less risky. 

Another states that corruption is a natural by-product of non-democratic (anocratic and autocratic) governance systems (Heath 

et al., 2016). The institutional perspective, described by Gerring and Thacker (2004), further states that Unitarianism and 

Parliamentarism governments exhibit lower corruption, since a single person does not hold disproportionately large amounts 

of power as is the case in dictatorship and other autocratic governments. 
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A popular view among economic and political science scholars is that of the principle-agent, where the individual is 

incentivized to act corrupt and intentionally does so; many theories stem from that (Jancsics, 2014). Economic and political 

theories of corruption are highly-interrelated with one another, and are rarely, if at all, purely economic or political in nature. 

Economic and political definitions also tend to focus on large government or corporate entities, which center on structural 

(institutional and bureaucratic) explanations for corruption. This structural approach (collective-action problem) differs from 

the principle-agent approach in that it stresses a more institutional, systemic approach and views corruption as a “social trap” 

(Mungiu-Pippidi, 2013; Persson et al., 2013; Rothstein, 2011). Corruption is a manifestation of institutional quality, or lack 

thereof, and differs from the principle-agent to a more collective-action problem (Rothstein, 2011). At this institutional-level 

“the only thing worse than a society with a rigid, over-centralized dishonest bureaucracy, is one with a rigid, over-centralized, 

honest bureaucracy” (Huntington, 2006). In international relations and in the context of the global political economy, closed 

societies and economies suffer from high corruption because they are less reliant on the global economy removing leverage 

that the international community might have (Gerring and Thacker, 2005). In sum, the economic and political science literature 

takes two theoretical approaches: that of the principle-agent that operates at the micro-scale and the collective-action that 

operates at the macro-scale (Jancsics, 2014; Mungiu-Pippidi, 2013; Rothstein, 2013). 

Other fields, such as sociology, use more social and cultural perspectives to explain corruption, which explain some endemic 

and societal-level corruption and operates primarily at the macro-scale. A sociological approach to understanding corruption 

“derive[s] from exchange theory, which emphasizes the nature of the social relationships between [various] actors (Heath et 

al., 2016).” More demographic theories involve gender, where higher levels of female empowerment and involvement in the 

government and the general economy lead to lower corruption (Branisa and Ziegler, 2010). Coupling that idea with others 

from political science, Branisa and Ziegler (2010) describe how social institutions that reduce gender inequality improve good 

governance (reducing corruption). 

Anthropology, which is underrepresented in the corruption literature, takes a different approach from other fields of social 

sciences. Anthropologists try to avoid discrete definitions in their analyses, and instead rely on contextual morality as their 

guiding principle in that “[d]ifferent societal contexts can have diverse and multiple moralities (Torsello and Venard, 2016).” 

Anthropologists avoid definitions because in doing so, they argue, biases from categorizing and nuance of local culture is lost. 

With multiple moralities, corruption is not viewed as something good or bad, it simply is; the specific local context determines 

if it is a positive or negative factor. For example, the researcher might view petty corruption as a corrupt act in all cases, but 

the local culture might view some petty corruption as a “practice that smoothens social exchange,” according to Torsello and 

Venard (2016) or something that greases the wheels. Furthermore, what might “look like corruption to outside observers might 

serve crucial social and symbolic functions from the inside or in a local context” (Jancsics, 2014; Torsello and Venard, 2016). 

According to Torsello and Venard (2016), the anthropologist researcher focuses on the thought-processes, worldview, and 

perceptions as non-static phenomenon in relation to social transformation, globalization, and development. Anthropologists 

focus on the impact of culture generally more than the other social sciences but shares concepts with social norms that are 

often discussed in the political science literature. To anthropologists, social norms exhibit a “dynamic nature of the morality 

of corruption (Torsello and Venard, 2016),” which contrasts with the more static representation in political science. 

Psychology, like anthropology, takes an individual-level perspective and might view political corruption as a person 

succumbing to their intrinsic motivations or personal desires over the loyalty to their government job (Ryan and Deci, 2000). 

These five disciplines – economics, political science, sociology, anthropology, and psychology – are part of the social sciences, 

but they all attempt to understand corruption in different ways. In reality, it takes an amalgam of all disciplines (including ones 

not discussed here) to being to form a more complete understanding of corruption, its influences, and its causes. Focusing on 

just one area, ignores aspects of others including different scales – micro- and macro-scale. Anthropology as a singular field, 

comes close to an approach (based on individual circumstances) to define and understand corruption. Taking parts from all 

areas, the next section attempts to use a systems perspective on corruption. 
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2.3. Systems Definition 

In many contexts, the definitions of corruption depend on societal norms, which are highly influenced by and structurally 

ingrained within local, national, and ethnic culture. For example, some societies have lived with corruption for so long that it 

has become normal for them, so what might seem corrupt for some societies will be business-as-usual for theirs. This is 

especially pervasive in many African and Eastern countries that were former colonies of imperial powers (Bhattacharyya and 

Hodler 2010; Goel and Nelson 2010). These various perspectives are of interest to anthropologists and sociologists but also 

involve political and economic theories as well. 

Many disciplines have commonalities in their approaches to understand corruption and model its effects. General issues of 

political, governance, and societal structure and norms span most social sciences. In much the same way as poor government 

structure can worsen corruption (political science), cultures with hierarchical and highly centralized religions (sociological 

and anthropological) and economies (economic), and a general acceptance of power differentials are more likely to be corrupt 

(Husted, 1999; Jancsics, 2014; Seleim and Bontis, 2009). Furthermore, strong personal relationships augment expectations 

that favors will be reciprocated (Heath et al., 2016), a process that can be understood using social network analysis (Borgatti 

et al., 2013). 

Other societies might be so distrustful of their government that corrupt practices could be the only viable response to a corrupt 

government. Other nations have societies that inherently function based on societal power differentials, like the caste system, 

which causes endemic lack of trust among different socio-economic groups ingraining corruption into that society (Bjørnskov, 

2003; Rothstein, 2013; Uslaner, 2013). In these groups, particularistic norms regulate behavior and could dominate 

universalistic norms under which the society as a whole operates (Jancsics, 2014). Furthermore, social networks in general 

strengthen interpersonal bonds and trust, thus reducing transaction costs associated with corrupt acts (leading to nepotism in 

government corruption). 

A common theme arises: corruption is a behavior that emanates from a system’s structure – the way a society is organized 

(religion, culture, or otherwise) and the institutions of the government – as well as the duration those structures and institutions 

have been around and have persisted. In general, a poorly structured (social, political, governance, economic, etc.) system will 

generate poor behavior. Institutions can act as “opportunity structures to conduct corrupt practices” (Jancsics, 2014). 

Corruption is not a universal concept and varies by culture or community. Socially, an act that is viewed as elite capture to 

foreigners may not perceived as such within the community who view it as a leader earning their share. Nepotism is an example 

of a corrupt act (Table 1), but the community might simply view it as doing favors (Seleim and Bontis, 2009), helping a friend, 

or even a form of economic bartering. There are obviously a lot of overlaps among these themes because corruption is not 

discrete, but rests on a multidimensional set of spectrums. 

The focus of this work is on the structural causes to corruption. It is based on the concept of system sciences that  the structure 

of a system determines its behavior (Amadei, 2015; Benson and Marlin, 2017; Ford, 2010; Sterman, 2000; Ullah et al., 2012). 

Furthermore, Rose-Acker and Palifka (2016) state that a “high level of corruption indicates that something is wrong with the 

state’s underlying institutions…[signaling] a need for structural reform – not just more vigorous law enforcement.” A systems 

approach to understanding corruption requires a systems-oriented definition of corruption: corruption is anything an actor 

(human) does to enrich themselves usually at the expense of other actors by undermining the system effectiveness. A systemic 

solution to corruption would be to restructure the governance system through structural reform to alter the negative behavior 

(reduce corruption). In this way corruption is never directly addressed, rather indirect actions propagate throughout the system 

eliciting lasting behavioral change and outcomes of that system (i.e. political officials can be dis-incentivized to act in a corrupt 

manner by reducing the enabling environment to be corrupt). 

This definition of corruption is broad enough to contain virtually all acts considered corrupt, as well as most definitions of 

corruption regardless if they are economic, political, social, or environmental in nature. It is dynamic in that, if what a society 
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views as corrupt changes so does the definition, so long as it adheres to the general definition; an interesting approach used by 

anthropologist (Torsello and Venard, 2016) discussed earlier. 

The definition of corruption changes with the perspective of the observer or, in our case, the researcher or modeler who is 

trying to understand a specific situation. But it is important to keep in mind that, as summed up by Oberoi (2014), corruption 

is “what every society decides it is; it simply has to be internally consistent with formal institutions of a given society.” 

2.4. Scales and dimensions of corruption 

Corruption can operate at any level, from petty corruption between common citizens to grand corruption that occurs among 

the political and economic elite. Grand corruption involves a small number of powerful actors dealing with massive quantities 

of money and can be political or corporate in nature (Rose-Ackerman and Palifka, 2016). It is often between the two, especially 

in the case of natural resources and large infrastructure projects. This form of corruption is out of reach to most citizens, who 

can only really be guilty of petty corruption (Rose-Ackerman and Palifka, 2016). This street-level corruption is involved with 

everyday activities of citizens (Iyanda, 2012). As a result, grand corruption is more pervasive in national governments and 

other locations in the economy that deal with commanding and authoritative figures operating in high-power centers involving 

large sums of money (Iyanda, 2012; Rose-Ackerman and Palifka, 2016) such as in the military and national defense (Gupta et 

al., 2001), natural resources (Bulte and Damania, 2008; Busse and Gröning, 2012; Corrigan, 2014; Dimant and Tosato, 2017; 

Kolstad and Søreide, 2009), and the infrastructure sectors (Tanzi, 1998). 

Business corruption (petty corruption’s private sector counterpart) occurs with small- to medium-sized businesses who interact 

with average citizens, while corporate corruption (grand corruption’s corporate counterpart) involves large multinational 

companies interacting with governments. In contrast, businesses and corporations might also act corrupt to avoid regulations. 

For example, Mitchell (1994) describes a situation when oil-tankers would dump their waste oil out in the ocean before entering 

port so authorities would not detect and fine them. This compliance problem is a form of corruption when business act in ways 

that prioritize company gain over societal good; this views corruption as a collective-action problem as opposed to the 

principle-agent problem (Bauhr, 2017; Mungiu-Pippidi, 2013; Persson et al., 2013; Rothstein, 2011). Eventually, the structure 

of the environmental regulations governing how tankers disposed of their waste oil was successfully reformed to disincentivize 

this negative behavior (Mitchell, 1994). 

3. The Natural Resource Curse 

This section is a truncated version of a more extensive literature review, which was used to directly construct the stock-and-

flow diagrams shown later in Figures 2-6. The methodology to convert this literature review into a systems model is explained 

in the following section. 

The natural resource curse is a phenomenon in which countries with large quantities of natural resources and mineral wealth 

counterintuitively suffer from lower economic and social development (Bhattacharyya and Hodler, 2010; Busse and Gröning, 

2012; Corrigan, 2014; Frankel, 2010; Kolstad and Søreide, 2009; Teksoz and Kalcheva, 2016). It occurs throughout the Global 

South but is especially pervasive in many African and some Middle Eastern countries: all of the 12 oil exporting countries in 

Africa are in the bottom half of the United Nations Human Development Index (Diamond and Mosbacher, 2013). 

The guiding principle in the natural resource governance literature is to understand “why some countries succumb to the 

resource curse while others seem to benefit economically from their natural resources (Corrigan, 2014).” The most common 

reason proposed in the literature involves poor institutional quality and governance. That is only part of the picture, but there 

are a few specific, well-documented causal pathways that connect natural resources with governance, namely the rentier, 

repression, and modernization effects (Bhattacharyya and Hodler, 2010; Busse and Gröning, 2012; Corrigan, 2014; Kolstad 

and Wiig, 2009). 
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Each pathway incorporates different corrupt acts (see Table 1), in different combinations, and at different points along the 

chain, while at the same time intersecting and influencing one another. The rentier effect (Figure 1, Figure 2, and Figure 3) is 

directly influenced by the amount of revenues (rents) the government is able to extract from natural resources (with oil being 

the prime example) and occurs when those revenues are substantial in relationship to other sources of income. Substantial in 

this context refers to when resources revenues are so large that the government needs not rely on other sources of income. The 

effect comes from what the national government does with those revenues (Teksoz and Kalcheva, 2016). The rentier effect 

can be further delineated into the taxation, group formation, and spending effects. The resource revenues could be used to 

reduce the need to tax the population (taxation effect in Figure 3) making them happier with the government, which in turns 

reduces their desire to hold the government accountable; unrest and general unhappiness with the government accumulates at 

a slower rate (Busse and Gröning, 2012; Corrigan, 2014) increasing the tolerance of corruption. This money can also be used 

for development projects to appease or distract the population. Along the same lines, Busse and Gröning (2012) describe a 

group formation effect (Figure 2) which occurs when the government uses the rents to prevent the formation and operation of 

social and special interest groups who would otherwise influence the government to reduce corruption. The same effect can 

happen when those revenues are spent on cronyism (broadly favoritism), which Busse and Gröning (2012) refer to as the 

spending effect (Figure 1). These tend to resemble kleptocracy in extreme cases, such as what is occurring with Russia’s 

current political trajectory. Either way, through the reduction in taxes and the increase in general favoritism, accountability is 

reduced because the population sees more money and will turn the other way when the government or political officials 

participate in corrupt acts. This favoritism leads to more natural resource economic policies accelerating their extraction. In 

the short- to medium-term, revenues increase feeding back into the cycle. Over time, the amount of resources diminishes with 

little benefit to show for the steep payment (Corrigan, 2014). 

The repression effect (Figure 4) is when the government uses the revenues to suppress opposition, as opposed to gaining favor 

among the populace. It is a more extreme version of the group formation effect and can be violent or militaristic. The rents 

again come from the significant natural resource wealth endowed within a country’s borders, but also can come from individual 

government officials, who receive illegal income from corrupt acts like bribery (Busse and Gröning, 2012; Kolstad and Wiig, 

2009). The government might spend more on the military further entwining the political and military spheres in a country. 

When that happens, it is easier for the military to oppress or terrorize the people. In extreme cases, the repression effect can 

take the form of violent suppression of protests or attempted revolution. A salient example is the Arab Spring. In short, the 

repression effect “could impede aspirations among the population for more democracy or better institutions and government 

services (Busse and Gröning, 2012).” 

Busse and Gröning (2012), Corrigan (2014), and Kolstad and Søreide (2009) all describe a modernization effect (Figure 5) 

when the government actively delays modernizing and industrializing their country because such a society will have alternative 

sources of economic and political power with which to oppose the government. It some cases, it can be viewed as a passive 

and indirect version of the repression effect. Delaying modernization reduces the enabling environment for protests to form 

and revolts to succeed. An economy based on natural resources and agricultural has little need for a large skilled labor force, 

and education positively correlates with demand for political reforms. The government actively comes in the way of social 

and cultural change in fear of losing power. Many countries in the Middle East (Frankel, 2010), namely Iran and Saudi Arabia, 

have been especially susceptible to this form of corruption. 

4. Methods and Results 

“One might say that the ultimate goal of any science is to establish causal relations (Denis, 2016),” where at its core causality 

is the relationship shared by two or more variables. Science attempts to simplify complex systems (Sterman, 2000) to identify 

direct causality (that is causal relationships where one variable directly influences another without intermediaries) of specific 

structures within those systems. Science (social, natural, physical, etc.) utilizes many tools to analyze causality, and it is the 

knowledge produced through these tools that will be the focus of this analysis. Explicitly, this work explores how to put 
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together all those simple disjointed pieces produced from the (social) scientific research in a way that is valid and coherent. 

The proposed methodology is a hybrid of qualitative data analysis (QDA) and systems dynamics. The technique, called 

qualitative structural data analysis (QDSA), is applied to the relevant social science corruption literature to form a deep 

understanding of the Natural Resource Curse in the form of a stock-and-flow diagram, which has the potential to yield deeper 

insights than current methodologies in the social sciences. This method can be used for many social issues whose behavior is 

determined or governed by a complex system, especially those “whose main actors are directly and strongly influenced by 

complex human socio-economic-political interactions but are themselves not humans,” which we refer to as anthropocentric 

systems (Zelinka and Amadei, 2018a). 

Through a detailed literature review, it has become apparent to the authors and many corruption scholars over recent years that 

corruption negatively affects multiple sectors through many channels and causal mechanisms; simply put, corruption is a 

complex issue. Most articles go through individual mechanisms or attempt to relate corruption by only a few dependent 

variables. Few articles look at the interactions among the multiple mechanisms at work, and fewer still analyze the various 

upstream and downstream causes and effects of systemic corruption. In short, the vast majority of the existing work looks at 

corruption through disciplinary silos, a narrow focus, and generally without much consideration to account for complexity. A 

systems-based approach is necessary to understand and effectively model these kinds of complex social issues. 

4.1. Interdisciplinary Collaboration 

Corruption is mostly the focus of social sciences with most of the literature emanating specifically from political science, 

economics, and to a lesser extent all other social sciences (Jancsics, 2014). Although many of the issues regarding corruption 

overlap many fields within the social sciences, there is relatively little collaborative work among them (Jancsics, 2014; Torsello 

and Venard, 2016) and much less so with the technical sciences and engineering. For example,  only a few articles use system 

dynamics to analyze corruption (see Méndez-Giraldo et al., 2017; Soto Torres et al., 2007; Ullah et al., 2012; Ullah and 

Arthanari, 2011). Jancsics (2014), a sociologist, notices this deficiency in the corruption literature and the social sciences in 

general; he describes the “lack of interdisciplinary communication about corruption, such that models developed by different 

academic disciplines are often isolated from each other.” He discusses three types of corruption studies and approaches: a 

micro-level perspective, a micro-level perspective, and a relational approach focusing on social interactions and networks that 

bridges the other two. Each social science discipline generally operates at different scales (psychology versus sociology, 

international relationships versus development studies, micro- versus macro-economics, etc.), possibly explaining some of the 

lack of collaboration – it is more difficult to work together when people inherently do not perform research at the same scale. 

The last approach can be used to bridge the disciplinary divides (Jancsics, 2014) by providing a method compatible with 

system dynamics. 

Collaboration between the disciplines is not a new idea but has received little attention (Morris, 2001). System sciences, we 

argue, can bring together various fragmented fields through a transdisciplinary and collaborative approach. They can blend 

crucial elements of the social sciences with that of the technical science and engineering through an hybrid qualitative and 

quantitative methodology (see Zelinka and Amadei, 2018b). Social science methodologies, generally, tend to emphasize 

individual relationships and avoid the big picture, although they are proficient at detailing individual factors and nuance to 

identify fundamental and underlying mechanisms through which corruption affects the natural resource sector, or vice versa; 

but it can be subject to tunnel vision. Engineering methods can fill in data gaps and present a set of quantitative tools and 

modeling techniques with which social scientists might not often use in their work. Engineering, generally, is good at 

understanding the big picture, but misses the nuance when understanding social issues. 

The weaknesses in the social sciences, engineering, and system dynamics can be overcome, at least partially, through 

acceptance and collaboration. Indeed, a collaborative system is greater than the sum of its parts; it shows synergistic properties. 

When groups work together, individual parts can be thoroughly analyzed and understood, ideally, but can also be combined 

to provide a relatively accurate and valid representation of the issue at hand. Transdisciplinary collaboration can provide high-
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resolution details at a large-scale to see how the many mechanisms interact with one another, explore reverse causality, and 

detect indirect influences and effects. Perhaps most importantly, a system approach can make complex and ill-defined social 

issues understandable to a non-social-scientist, namely policy and decision makers. System dynamics is a computer-aided 

modeling approach used in the technical sciences and engineering that can function as a tool to model and understand ill-

defined social issues better. 

4.2. System dynamics modeling 

This paper will forgo a detailed description of system dynamics modeling as it is covered in the authors’ other paper in this 

conference (see Zelinka and Amadei, 2018b). Systems dynamics is a relatively recent branch of systems science that originated 

with the work of Dr. Jay Forrester at the Massachusetts Institute of Technology in the 1950s and 1960s. It represents a 

milestone in the overall evolution in the application of systems thinking and the development of tools to address complex 

issues in a wide range of disciplines such as engineering, business, economics, health, planning, management, etc. A simple 

way to see system dynamics is that it studies “how systems change over time” (Ford, 2010). The System Dynamics Society 

(2016) defines system dynamics as a computer-aided approach to policy analysis and design.  It applies to dynamic problems 

arising in complex social, managerial, economic, or ecological systems — literally any dynamic systems characterized by 

interdependence, mutual interaction, feedback, and causality. 

Since its inception, system dynamics has accrued popularity in various STEM and some social science fields, including topics 

such as corruption (Méndez-Giraldo et al., 2017; Soto Torres et al., 2007; Ullah, 2012), urbanization and demographic process 

(Zelinka et al., 2018), the Sustainable Development Goals (Moffatt and Hanley, 2001; Nilsson et al., 2017; United Nations 

Economic and Social Council et al., 2015; Zelinka and Amadei, 2018a, 2018c, 2017; Zhang et al., 2016), health and infectious 

diseases (Ghaffarzadegan et al., 2010; Pedamallu et al., 2012), education (Pedamallu et al., 2010); sustainable community 

development (Amadei, 2015), environmental and ecological process (Ford, 2010), and business and management science 

(Sterman, 2000). In general, systems dynamics has unique characteristics that warrant its use in modeling complexity in social 

and governance systems (Zelinka and Amadei, 2018b). 

4.3. Qualitative Structural Data Analysis 

This section is a brief overview of qualitative structural data analysis (QSDA), which codes and then translates text from 

peer-reviewed articles and reports from reliable sources into causal-loop diagrams (CLDs), stock-and-flow diagrams, and 

eventually full system dynamics models. Corruption is an endemic social issue that has been around since the dawn of human 

civilization, but there exist few reliable methods to understand its systemic causes, effects, and impacts. Corruption will 

provide a proof-of-concept case study of QSDA to understand and then model complex social issues commonly studied within 

the social sciences. The methodology proposed herein is in its early stages, and as such it will undergo many future iterations. 

Even in its current state, it can be used to provide an informative and reliable representation of the Natural Resource Curse 

mentioned earlier in this paper (Section 3). A stock-and-flow diagram depicting the causes and consequences of corruption in 

the natural resource sector focuses on the five significant mechanisms detailed in the literature and discussed earlier. Each 

variable, type of variable (direct versus indirect and moderating versus mediating), relationships among variables, and 

directions of those relationships (positive or negative) can be captured in QSDA. Eventually, a system dynamics (SD) model 

can be constructed that encompasses the entire literature synthesis and all the articles analyzed within. The main difference 

between a stock-and-flow diagram and a full system dynamics model is the inclusion in the latter of initial conditions and 

equations, which will be left to future work. 

QSDA is heavily influenced by the qualitative data analysis (QDA) which “is the range of processes and procedures whereby 

we move from the qualitative data that have been collected into some form of explanation, understanding or interpretation of 

the people and situations we are investigating” (Gibbs and Taylor, 2010). NVivo 11 by QSR International was the QDA 

software utilized for our QSDA, and although, not originally designed for addressing such needs, NVivo proved to be sufficient 
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for the task at hand. Nominally, the coding mechanisms between the two analytical methods are the same, but instead of being 

used to interpret and understand qualitative information like in QDA (Bernard and Ryan, 2010), QDSA is used to structurally 

identify and (reliably) source variables, relationships, and more complicated causal mechanisms. The variables become the 

convertors, stocks, and flows that constitute CLDs, stock-and-flow diagrams, and system dynamics models; the relationships 

become the interconnections; and the causal mechanisms – the rentier, repression, and modernization effect –become large 

structures around which the rest of the model is built. 

In any system dynamics model, there are three types of variables: flows, stocks, and convertors. These basic components 

appear in Figures 2-6. Stocks, represented by rectangular boxes, are net accumulations of something at one point of time and 

represent state variables that define the current state of the systems. Flows appear as pipelines with a faucet controlling the 

flow and refer to processes that cause change over time (dynamic) of information or materials; they are control variables that 

create change in the systems and affect stocks. Convertors, shown as a name or a circle-and-name, transform (convert) 

information from one stock-and-flow path to another. For example, greenhouse gases (GHG) are emitted per year (flow) and 

accumulate in the atmosphere (stock). Each person uses electricity that in turn emit GHGs; electricity and GHGs are two 

stocks-and-flow paths connected by at least one convertor. The variables are called nodes in NVivo. While manually coding 

the literature, each variable type was noted and when the stock-and-flow diagram was constructed, the variables were assigned 

their appropriate variable type. 

NVivo uses the term relationships to signify the interconnections between two variables. Interconnections can either negatively 

or positively affect another variable. Once the five larger causal mechanisms, discussed in the NRC section above, were 

classified, the necessary variables were identified and connected as needed with relationships. Cases in NVivo represent units 

of observation, which in QSDA are causal mechanisms and other important structures. They are composed of individual nodes, 

relationships, or groups of them. Cases can group multiple sources that relate to the same structure or mechanism and help to 

organize them for when it comes time to construct the stock-and-flow diagram and then the system dynamics model. 

Once all these variables, interconnections, and causal mechanisms were identified and properly coded from the literature in 

NVivo, the information was, as objectively as possible, incorporated into STELLA (Systems Thinking Experiential Learning 

Laboratory with Animation) Professional (version 1.6), a system dynamics modeling software by isee systems, Inc. The 

components of the QSDA were added into a single stock-and-flow diagram that encompassed all five major causal mechanisms 

identified in the literature review. For ease of viewing, each mechanism was given its own figure and highlighted in blue as 

shown in Figures 2-6. 

5. Discussion and Conclusion 

Because the literature review above is directly based on the same QSDA as the figures below, a detailed explanation and 

walkthrough of the stock-and-flow diagram is not required. Each variable, interconnection, and structure depicted in the stock-

and-flow diagram can be sourced to specific articles and locations within those articles. All articles used in our analysis were 

themselves based on many peer-review articles. Hence, the QSDA effectively aggregates very many articles, thus acting as a 

form of a systems-based meta-analysis. Since all the articles used in this analysis are peer-reviewed, the assumption is that any 

models based on them exhibit a high level of validity. The methodology presented herein is designed to reliably connect the 

model with the articles on which it is based. 

It is the goal of this work to show that social scientists, engineers, and system dynamicists have much to offer each other and 

that collaboration among them is crucial to understand and analyze complex issues. QSDA provides proof-of-concept of a 

transdisciplinary method through which these seeming conflicting groups might regularly form collaborative research groups. 

The authors see a day soon when most articles are published under the auspices of multiple fields, and systems thinking 

prevails over linear thinking. This work is meant to advocate for that paradigm shift and provide a means to do so. 
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Figure 1. Rentier effect (spending effect) 
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Figure 2. Rentier effect (group formation effect) 
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Figure 3. Rentier effect (taxation effect) 
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Figure 4. Repression effect 
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Figure 5. Modernization effect
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Abstract 

The subject of this work is the result of a research conducted at the Department of Architecture of the University of Palermo, 

aimed at analyzing the state of the art of traditional architecture of North-West African countries and the effects that the 

modernization process of the habitat led on these, through the introduction of new building materials and advanced 

technologies imported from industrialized countries. The country examined at present is Burkina Faso, in sub-Saharan 

Africa, one of the poorest in the world and in Africa and, for this reason, one of the most susceptible to the economic and 

technological superiority of the industrialized countries that control and profit by the local resources. The research made use 

of the results of a study trip, during which were carried out visits and inspections in some cities and local communities of 

Burkina Faso. These inspections allowed us to verify if, how and to what extent the technologies of the so-called 

industrialized countries , have influenced the constructive tradition of developing countries. 

 

Keywords: Sustainable development, Traditional Architecture, Burkina Faso, natural resources, innovation  

1. Introduction 

The country examined in this study is Burkina Faso (fig.1), one of the poorest in the world and in Africa. According to data 

provided by the Human Development Index report (HDI), based on the survey carried out in 2015 and published March 21, 

2017, Burkina Faso is in 185th place out of 188 countries examined. This determines a high susceptibility to the economic 

and technological superiority of the industrialized countries that control and exploit local resources. 

This susceptibility is even more accentuated by the conditions of colonial subjugation that Burkina Faso and other African 

countries have suffered in the past from the European powers that have exploited the territory and the African populations 

for a long time to obtain economic advantages. 

All the colonizing countries have maintained commercial relations with the African States, importing from them raw 

materials at a much lower cost than that of industrial products and advanced technologies that export to the African market. 

In this specific case, Burkina Faso is a former French colony, today semi-presidential Republic. The country has a 

population of 17,322,796 inhabitants (burkinabé), with an average density of 63 inhabitants per km². The population, 85% 

rural, is mostly concentrated in the central-southern area. 

The research made use of the results of a study trip, during which visits and inspections were carried out in some cities and 

local communities of Burkina Faso that allowed to analyze the state of the art of traditional architecture and to verify if, how 

and to what extent new building materials and technologies imported from industrialized countries have influenced local 

building tradition and the process of modernization of habitat. 

In the city are concentrated all economic activities, administrative and decision-making centers of the state and large public 

and private enterprises. Only in the city are widespread services such as higher education, health, the availability of 

electricity, the road network, the postal service, the drinking water supply network. 

In most cases, modern African cities have been formed and developed by the colonial society which has made them the site 

of all their activities. It is for this reason that the cities have expressed for a long time the culture, the habits, the economic 

system of a foreign reality, profoundly different from that of Africa. 
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Figure 1. Map of Burkina Faso. 

Even today the major anthropized centers preserve the signs of foreign domination, to which are added new connotations 

deriving from a process of slow and constant globalization. 

The traditional architecture of Burkina Faso is undoubtedly better expressed in rural areas. About 8000 villages, spread over 

the territory, are witnesses of an architecture of various forms, different from region to region, according to the ethnic groups 

that make up the Burkinabé population. There are over sixty ethnic groups with different social and cultural characteristics. 

The largest ethnic group is Mossi. Other large groups are: Fulani, Gourmantchè, Bobo, Samo, Gourounsi, Lobi, Banwa, 

Sénoufo, Nuna, Dafing, Winiama and Tuareg (fig.2). 

 

 

Figure 2. Distribution of ethnic groups on the territory 

The materials used, the organization and the disposition of the dwellings on the territory express the social structure and the 

bonds that link the different communities to their environment, to their ethnic group and their families. Straw huts, tuareg 
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tents, houses in raw earth of various shapes, dot the rural territory of Burkina Faso from north to south. Each village consists 

of several family houses, each of which is composed of several separate buildings, generally organized around an open court 

and connected by walls of varying heights. The houses can be more or less compact in the territory or scattered at varying 

distances. Mossi, Bisa and Gurmanché built circular-shaped huts, built with raw earth bricks and thatched roofs. Bobo, 

Dagara, Gurunsi and Lobi built huge houses, some similar to small fortresses without windows and made with materials 

obtained from nature: wood, raw earth, straw. 

2. Methods 

For the purposes of the research, an intervention method was defined that envisaged the following activities: 

1.Visits to places and inspections in urban and extra-urban communities; 

2. Architectural relief of some inland housing settlements 

3. Historical reconstruction of the origins of the features of coexistence and of the living structures present in the different 

territorial contexts; 

4. Analysis of the landscape individualities and settlement traditions of the ancient local communities; 

5. Identification of local resources and technologies; 

6.Incidence of the use of new materials and advanced technologies; 

7. Proposals for the development of the local traditional heritage and its integration in the new architectural context, through 

the promotion and use of local types and materials and the improvement of the technologies applied to them. 

The big cities are those in which it is most possible to find the "foreign" influences in the local building tradition; but the 

research has gone beyond the large urban centers reaching small towns and villages scattered in the savannah, far from the 

most convenient roads of road communication. In this regard, five fundamental stages of the journey have been identified, 

each of which interprets a precise environmental, historical and cultural specificity of the anthropic settlement. The stages of 

the journey are: the capital Ouagadougou; Dédougou, capital of the province of Mouhoun, in the region of Boucle du 

Mouhoun; Sanabà, a municipality in the province of Banwa, also belonging to the Boucle Du Mouhoun region; the village of 

Ziga, five kilometers from Sanabà; the village of Torobà, near the homonymous forest (fig.3). 

 

Figure 3. Travel itinerary 

3. Results and Discussion 

3.1. Ouagadougou 

The first city under study is Ouagadougou, the capital of Burkina Faso. The city, founded in the eleventh century, has been 

part of the French colony of Alto Volta since 1896, underwent the influence and control until 1960, when Burkina Faso 

obtained independence. The stay in Ouagadougou allows to make the first considerations on settlement principles, the types, 

techniques and materials used. The colonial style of the many public, commercial and residential buildings built in the 

nineteenth century and during the first half of the twentieth century has been added to the traditional architecture, made of 

houses built with raw clay bricks, still widely spread on the outskirts of the city. Many of these buildings present 

architectural elements with precise functions of adaptation to the environmental conditions of the place: shutters, shaded and 
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ventilated verandas and tunnels integrate with the structural system, improving the thermal comfort of homes through 

passive cooling. Most of these buildings has maintained its target of an administrative nature use, others have taken on new 

uses, as needed. 

More related to the local tradition, if only for the use of raw earth, is the Cathedral of Ouagadougou. The church, built 

between 1934 and 1936 on the initiative of the apostolic vicar Joanny Thévenoud, is one of the largest in West Africa. The 

building, with two bell towers of different heights deliberately, is entirely built with adobe bricks according to a mixed 

architectural style, inspired by both the traditional local architecture and the neo-Romanesque style. Also the old central 

mosque dates back to the colonial period. It was built in 1952 and subjected to a series of recovery and expansion measures 

over the years. It is one of the most significant buildings in the city (fig.4). 

 

Figure 4. Cathedral of the Immaculate Conception of Ouagadougou and the Downtown mosque 

Contemporary architecture is imposed in Africa in the 60s of the last century. It is an eclectic architecture that sometimes 

presents elements borrowed from traditional architecture. This is what can be found in the city center of Ouagadougou, 

enclosed within a triangle bordered to the north by the train station, to the east by the presidential palace and to the south by 

the cathedral. The Avenue de Nelson Mandela crosses the northern half of the triangle and ends at the Place des Nations 

Unies, from which most of the main roads depart (fig.5). 

 

Figure 5. Map of Ouagadougou 

The rest of the city is characterized by large asphalt rectilinear roads, to which orthogonal routes converge mainly in beaten 

earth that, crossing each other, form the various neighborhoods. In the city center, the presence of reinforced concrete 

buildings prevails, mainly used for public and commercial buildings such as hotels, restaurants, banks, but also for 

residential buildings (fig.6). Buildings with columns of Renaissance inspiration alternate with buildings covered with 
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ceramic tiles or plastic plasters, some of which recall the color of the earth, a material that the local architectural tradition 

also uses for housing. 

 

Figure 6. A foreshortening of the center of Ouagadougou 

Some buildings, (in particular public and commercial buildings) trace the foreign typologies in their formal aspect even if, 

stylistically, they reflect some local needs such as attention to the study of solar shading systems (overhangs, brie soleil, 

claustre) and passive ventilation (fig.7 and fig.8). 

  

Figure 7. Commercial building 

 

Figure 8. Civil housing and university buildings 

Aspects of local tradition can be found in the Maison du People (fig.9): a large indoor theater with 2,500 seats. Its compact 

architecture is made of reinforced concrete, but the contained openings, the skylights complemented by the traditional 

ventilating fireplaces placed in the roof and the red earth of covering, constitute an architectural mix that enhances the 

traditional style of Burkina Faso. 
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Figure 9. Maison du People 

The Grand Marchè (fig.10), is a large structure in reinforced concrete and brick, built on the same site of the old market, 

razed to the ground by a devastating fire that, in 2003, destroyed all the wooden shacks. The drawings that decorate part of 

the façades are particularly interesting. These decorations are made according to the Gourounsi style. The tradition of 

painting these houses, entrusted to women, is lost in the night in time. 

 

Figure 10. The Grand Marchè 

With their hands they spread a layer of plaster on the external walls of bricks in raw earth, mixing pressed cow dung together 

with the clayey earth. The second layer of plaster is obtained with clay diluted with water and colored pigments (generally 

red) which forms the basis on which the decorations are applied. There is no lack of black and white colors. The drawings are 

made with the guinea fowl pen which is dipped in black (obtained from basalt) and in white (derived from a limestone). The 

decorations are geometric stylizations of everyday objects and rituals or anthropomorphic figures, ancestral symbols linked to 

the traditional animism typical of these places. The triangle indicates the calebasse, a vessel made by drying the fruit of a 

cucurbitaceae. The rectangle is the traditional dress. The circle is the full moon, a fundamental point of reference for night 

lighting, as the villages have no electricity. The turbot is the macaramì, a wineskin. The two triangles with the vertices that 

touch each other, symbolize the drum, a musical instrument widespread throughout the African continent. The 

anthropomorphic figures are the snake, the crocodile and the lizard, considered sacred animals for animist religions. Other 

signs are added to these main reasons, contributing to make visible the belonging to a family, neither more nor less as the 

scarification on the face in some African communities. At the end, a product obtained from carob (neré), passes on the 

drawings to create a shining effect. Every year, after the rainy season, the women of the village repeat the ritual, applying the 

decorations on the plaster of the walls, degraded by the rains (fig.11). 
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Figure 11. Gourunsi Village 

The building that houses the music museum of Ouagadougou is an example of architecture made of stabilized earth that 

combines modern techniques and traditional materials (fig.12). The building expresses the desire to preserve the spirit of 

African architecture by applying innovative techniques to local materials, such as the use of compacted and stabilized earthen 

bricks. The architectural style is inspired by North African and Sudanese architecture, with vaults and domes covering many 

small rooms that intersect each other. The materials used, among which the slaked lime produced inside the building site and 

used for the plaster, together with the volume of the building enhance the acoustic qualities of the museum that promotes 

music and preserves the instruments of the local tradition. 

 

Figure 12. Music Museum 

A few kilometers south of Ouagadougou, the new “Ouaga 2000” district has been built in the framework of a town planning 

project. It is the new residential area of the capital that houses the new presidential palace, ministries, embassies and where 

there are impressive buildings, banks and large hotels, international schools and luxury villas hidden behind high walls 

embellished with ornamental plants. Ouaga 2000 was born on the occasion of the 1996 France-Africa summit with the aim of 

providing a comfortable accommodation to the international personalities guests of the meetings. The architecture of Ouaga 

2000 is very distant from the local building tradition (fig.13). The buildings, made of reinforced concrete, steel and glass, 

guarantee indoor comfort through the operation of expensive technological systems that control air quality, thermo-

hygrometric conditions and lighting conditions. This entails high economic and environmental costs, since these plants are 

highly energizing and polluting. The style of the buildings is of doubtful taste and while still inspired by the architectures of 

the great masters of the past does not reach a good level of expression. 

 

Figure 13. Martyrs Monument at Ouaga 2000. Hotel-Resort Silmande in Ouaga 2000 
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On the outskirts of the city almost all homes are made of adobe. The poorest are single-family buildings, with a rectangular 

plan and an elevation. The thickness of the masonry is equal to a brick. 

The roof is made of wooden beams resting on the wall, often ending with a stone curb. On the wooden frame there is a 

corrugated sheet metal cladding held by blocks of bricks resting on it. Doors and windows have rudimentary wooden and 

sheet metal frames. To promote ventilation and avoid overheating of the internal environments, an air space is created in the 

intrados of the roof which is crossed by air passing through the holes made at the top of the perimeter walls. In some cases 

the masonry is plastered with a mixture of raw earth. Almost all homes overlook an outer space bordered by a wall, where 

most of the day and daily activities take place. The interior of the house is in fact destined for the night and for the 

preservation of clothing, furnishings and foodstuffs. The toilet is generally outside the house, housed in a small brickwork 

environment and equipped with a Turkish bath. On the outskirts, along the river that borders the city, it is not difficult to find 

small outdoors "factories", for the production of clay bricks (fig.14). 

 

Figure 14. Poor housing on the outskirts of Ouagadougou 

In the wealthiest neighborhoods on the outskirts of Ouagadougou there are single-family villas with a reinforced concrete 

structure and an eclectic style. These homes are generally developed on two elevations and are equipped with toilets, kitchen, 

water and electrical systems. The interiors have finishes such as floors and wall coverings, made with ceramic tiles (fig.15). 

 

Figure 15. Rich housing in the suburbs of Ouagadougou 

3.2. Dédougou 

Dédougou is located about 200 kilometers west of Ouagadougou. It is a place of transit from which it is possible to reach the 

villages of the whole Boucle du Mouhoun region, including those covered by this study; it is the only urban settlement in the 

region with electricity and drinking water. The territory between Ouagadougou and the town of Koudogou, halfway from 

Dédougou, is dotted with villages of the Mossi ethnic group (fig.16). These are formed by groups of family houses called 

zaka, not far from each other. Of circular shape, with a conical straw roof, the huts have very small dimensions. The walls are 

built of sun-dried raw earth, covered with a mixture of straw-ground and cow dung. The hut of the householder is square in 

shape. 
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Figure 16. Mossi villages 

Being a polygamous community, every wife of the householder has his own hut that he shares with his sons under the age of 

ten and his daughters until marriage. Children over ten years live in a common hut. 

After passing Koudogou, one enters Gurunsi territory and, for a short distance in the Dafing one, up to Dédougou.  

The town immediately underwent substantial differences with the capital, both in architecture and in urban organization. The 

roads are almost entirely unpaved and the houses, for the most part built in raw earth, are most often without plaster. The use 

of reinforced concrete is limited to a few public buildings, some hotels and some private houses with an anonymous style. In 

some cases the skeleton in reinforced concrete is emphasized compared to the infill structure, made of earthen bricks, even 

these left exposed (fig.17). 

 

Figure 17. Dédougou  

3.3. Sanabà 

The journey continues to Sanabà, a municipality in the province of Banwa, belonging to the Boucle Du Mouhoun region. 

Sanabà controls a territory of 920 square kilometers on which there are 28 villages more or less large, including Ziga. The 

houses of Sanabà are all built in adobe and covered with plaster in raw earth. Also here the material for the construction of 

bricks is recoverable on the site, characterized by a clayey soil. In older dwellings it is possible to find the technique used in 

the past for the realization of the horizontal covering. This was composed of a main arrangement of wooden beams resting on 

bifurcated poles, planted on the ground and placed at the internal corners and along the walls of the huts. The secondary 

frame of the roof was composed of joists, branches and barks arranged orthogonally to the main beams. On this there was a 

thick layer of well-compacted earth. This type of roof required constant maintenance due to the run-off caused by rainwater, 

particularly abundant in the rainy season. The ground cover was also very heavy (fig.18). 

 

Figure 18. Exterior and interior of a hut with a cover in raw earth where the supporting wooden structure is highlighted. 
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The most recent homes have a covering covered in corrugated iron, an easy material to carry and convenient to cover the 

building in a light way. The constructive process is very similar to that shown in the houses on the outskirts of the capital. 

There is no electricity or running water in Sanabà. You can see some photovoltaic panels, just enough for the first necessities. 

But the telephone connection is guaranteed by a radio-mobile telecommunications network with repeaters mounted on huge 

pylons that overlook the agglomeration and are scattered throughout the territory (fig.19). 

The visit to a building site, conducted by members of the local community, allows to assist in the construction of a small 

house (fig.20). 

 

Figure 19. Houses in Sanabà 

The bricks in raw earth ( 35x20x13 cm), are made on site and are arranged on a base of about 40 cm built with blanks blocks 

of laterite, taken not far from Sanabà. Laterite is a stone that comes from an “alteration of the eruptive and schistose-

crystalline rocks typical of the tropical regions, deriving from the very special climatic conditions of regions in which there is 

a continuous alternation of rainy and wet periods and periods of great drought”, (Italian Encyclopedia Treccani). In contact 

with air and sun it undergoes a cementation phenomenon which makes it compact and resistant. The best layers are the 

superficial ones from which it is obtained and cut by hand. The stone blocks are also used to create the curb on which rests 

the roof composed of wooden joists on which the sheets are placed. 

 

Figure 20. Sanabà 

3.4. Ziga 

Ziga is only 5 km from Sanabà. The village (fig.21), does not seem to have a planimetric disposition regulated by a precise 

settlement principle and the houses are organized in residential areas destined to single family clans. Reliefs are made of 

some houses of ancient and recently built, underlining the peculiarities and differences with photographs and films. Each 

residential nucleus presents a planimetric distribution with a quadrangular scheme, organized around a courtyard on which 

the individual houses and other closed or semi-enclosed spaces overlook, intended for the sheltering of domestic animals 

(sheep and chickens), the cooking of food and toilets (always placed against the walls and with a smaller surface). Many 

family dwellings are built around a tree, so that it is in a central or lateral position with respect to the housing complex. The 

court is bounded by a wall in raw earth that connects all the houses. 
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Figure 21. Ziga Village 

The units, made up of one or two rooms, are rectangular in plan. the furniture is limited to simple mats for sleeping. The wall 

structure is made with the adobe technique. Depending on the economic possibilities of the owners, some adobe walls are left 

exposed, others are plastered and / or decorated. Also in Ziga, as in Sanabà, there are still some houses that express the 

construction techniques of the tradition but most of the houses show the use of sheet metal for the realization of roofing and 

windows (fig.22). 

 

Figure 22. House in Ziga 

The closed space constitutes for the community only a part of the dwelling; domestic work and social relations take place 

outdoors, in the inner courtyard, for lunch, for the daily activities and for social gatherings that take place around the tree or 

under roofs (cases à palabres), realized with a structure made of wood supported by forked poles and covered with 

interwoven straw mats. When the temperature is too high even at night, it is preferred to sleep outside the houses. 

Night lighting is obtained with artisan lamps powered with shea butter or, in the best case, with oil. A form of lighting widely 

used for travel within the village is that produced by mobile phone systems, widespread throughout the territory. In general, 

homes are very similar to each other in terms of shape, size and construction materials. Only the granaries, intended for 

storing food stocks, can be distinguished and acquire a more important relief. The barns are the only buildings located outside 

the fence and are raised above the ground. They have a circular or quadrangular plant: the circular-shaped granaries are made 

of woven wicker and always have a conical straw covering; the quadrangular ones are in raw earth and have a flat cover 

(fig.23). 

 

Figure 23. Granaries in Ziga 
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3.5. Torobà 

Torobà is a village located about thirty kilometers from Dédougou, reachable through a dirt track that is divided into a 

tortuous path that crosses the forest from which the village takes its name. Torobà is in Dafing territory, far from the main 

routes of communication and is in a state of extreme backwardness and poverty. Deeply different for tradition and religion 

from the village of Ziga. In Torobà the animist religion is still practiced and this is also reflected enormously in the 

architecture and the planimetric organization of the village, which respects a precise hierarchical order. Sacred and 

insurmountable areas destined for religious rites, sacred buildings, common houses, all ordered and regulated according to 

the principles of professed worship. The houses are scattered on a rather large territory. There are no foreign influences either 

in buildings, all in raw earth and wood, or in infrastructure. A photographic documentation, together with surveys and video 

footage, allow to collect as much as possible of this village in the heart of the savannah (fig.24). 

 

Figure 24. Torobà Village 

4. Conclusions 

The visit made it possible to see the profound difference that exists between the cities and villages that, in today's African 

reality, represent two profoundly different and totally different worlds and ways of life. Large cities, like the capital 

Ouagadougou, are more influenced by foreign influence, both in the use of construction materials and in the adoption of 

advanced technologies, which are not always supported by an adequate energy supply system necessary for their operation. 

The new buildings, while trying to trace non-native types and styles, maintain an entirely singular imprint. Moving towards 

the smaller cities and, even more, towards the villages, there are marginal contaminations, also due to the difficulties arising 

from a not yet adequate road communication network. All forms of traditional housing share common characteristics albeit 

with differences in ethnic style; but also in rural areas, in villages and communities far from the most convenient roads 

communication, there is evidence of the diffusion of non-traditional materials such as metals and plastics that have almost 

completely replaced the materials traditionally used in specific uses. In some cases there is an attempt to propose constructive 

techniques that do not belong to the local tradition as, for example, in the building that houses the school of the village of 

Torobà, whose bearing structure, almost certainly made of blocks of laterite, is covered with portions of plaster laid in 

correspondence with what could or should be the skeleton of a reinforced concrete frame (fig.25). 

 

Figure 25. School in Torobà Village 
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In a country where the local economic and technological level are still very low, one cannot and must not rely on what comes 

from extraneous realities, rather, we must act to instil trust in the communities, their abilities and available resources 

renouncing, when necessary, technologies incompatible with the local situation, to the advantage of technologies appropriate 

to the environmental and cultural conditions of the local context. This is what is done by Diebedo Francis Kerè, the well-

known burkinabé architect involved in activities aimed at improving the conditions of his people through the design and 

construction of buildings in which the technologies, types, morphological and compositional aspects belong to the history of 

place, integrating wisely with materials, albeit not purely local, easily available (fig.26). 

 

Figure 26. Primary School Gando. Diebedo Francis Kerè 
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Abstract 
 
There has been a lot of criticism about the role of Brazil within the South-South Cooperation on Food and Nutrition 

Security. This paper analyses the policy transfer of PAA Africa Ethiopia, inspired by PAA Brazil, highlighting the changes 

the programme has undergone along the process. I argue that whereas in Brazil the food and nutrition policies such as PAA 

have emerged as a mechanism of resistance to mainstream modern agriculture, in Ethiopia PAA Africa strengthens the very 

developmental patterns PAA struggled to resist when created in Brazil. Such models represent risks for the sustainable 

development of rural countries in Africa. These transformations are essentially related to the role played by the 

World Food Programme (WFP) as an important policy-transfer agent. The article focuses on four main areas: the inherent 

aspects of Brazilian social policies, the local arrangements of the new territory, the role of WFP as an agent of policy 

translation, and a pathway to a more sustainable cooperation between Southern countries. 

 
Keywords: Policy transfer, PAA Africa Ethiopia, South-South cooperation, international actors, overcoming poverty 

1. Introduction  
 

A lot has been said about the success of Brazilian policies on food and nutrition security that helped to lift some 36 million 

people out of the poverty line, both in urban and rural areas. In particular, two policies have attracted great attention from 

other developing countries that struggle to overcome hunger and poverty in Latin America and Africa: the Food Acquisition 

Programme (in Portuguese, Programa de Aquisição de Alimentos - PAA) and the National School Feeding Programme (in 

Portuguese, Programa Nacional de Alimentação Escolar - Pnae). Under the name of Purchase from Africans for Africa 

(PAA Africa), a synergy of these two Brazilian models has been transferred to five countries in Africa within the context of 

South-South Cooperation (SSC) on Food and Nutrition Security. 

 

This new cooperation architecture was expected to address issues beyond the economic perspective such as the goals 

embraced by the United Nations’ Sustainable Development Goals.  As a more inclusive and effective cooperation based on 

solidarity and horizontality, SSC would introduce public policy solutions to social and economic problems shared by other 

developing countries. Brazil, with its growing know-how in fighting poverty, has taken a prominent position within the SSC 

(Ayllón, 2013). Over these years, however, a series of criticisms have been levelled at the Brazilian technical cooperation, 

questioning the role that Brazil has played overseas. Most of the displeased ones regard the inconsistencies between the 

Brazilian National Policy on Food and Nutrition Security guidelines and Brazil’s international position. While the SSC 

literature claims a new trend of cooperation based on horizontality as an alternative to the old northern dynamics, there are 

also growing concerns about the true existence of a new regime.  

 

Trying to find answers to these questions, I decided to prepare a case study about PAA Africa Ethiopia, which has operated 

in Hawassa since 2012.  From the perspective of policy transfer and policy assemblage, mobility and mutation, this article 

explores how the Brazilian PAA has been interpreted, transferred and implemented in a country with such a different 

historical, social and economic context as Ethiopia. In this paper, policy transfer is understood ‘as a process by which 

knowledge about policies, administrative arrangements, institutions and ideas in one political setting is used in the 
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development of policies, administrative arrangements, institutions and ideas in another political setting’ (Dolowitz and 

Marsh; 2000).  

 

Although Brazil has claimed that its social policy on food and nutrition security has inspired countries in Africa, the 

programme implemented in Hawassa barely relates to the Brazilian PAA. I argue that whereas in Brazil PAA has emerged as 

a mechanism of resistance, giving smallholders alternatives to mainstream modern agriculture, in Hawassa PAA Africa has 

taken a very different path. By advocating the use of chemical fertilizers and hybrid seeds to increase yields and access 

valuable markets, the new programme strengthens the very developmental patterns it struggled to resist when created in 

Brazil. 

  

These transformations are essentially related to the role played by the WFP as an important policy-transfer agent. In fact, the 

programme found in Ethiopia is more closely connected to principles and values upheld by the World Food Programme than 

to the Brazilian model.  

 

The performance of non-governmental actors, including their agencies, in policy-transfer processes has been increasingly 

emphasised by authors such as Dolowitz and Marsh (2000), Stone (2004), Abdenur and Fonseca (2013). Although policy 

transfer implies a direct exchange process between exporting and importing countries, there can be agents, which are not 

based in or identified with importer or exporter, that interfere in the process between states (Stone, 2000). Policy transfer 

involves interpretation and reinterpretation of powerful actors such as non-governmental agencies, NGOs and consultants 

along the way. These agents can modify policies drawn from specific contexts during the transfer processes, neglecting 

fundamental elements of the policy in order to make it more attractive to their clients (McCann, and Ward, 2013). These 

‘global policy advocates’ are driving the current policy diffusion (Stone, 2000). 

 

Besides, as northern donors have lost space in the development area, they have pursued to control South-South Cooperation.  

Aiming to institutionalise their engagement in the South, they have created specialised agencies that explicitly refer to 

themselves as South-South Cooperation agencies. These new institutions openly contrast their practice with the old northern 

dynamics and adopt a discourse based on solidarity, complementarity, and horizontality (Abdenur and Fonseca, 2013). 

 

This case study of PAA Africa Ethiopia gives some clues on how northern countries have indirectly influenced the SSC 

through their multilateral agencies. The article is divided into five sections. It starts discussing ‘the inherent aspects’ of the 

Brazilian food and nutrition security (FNS) social policies and the environment where PAA has emerged and highlights the 

uniqueness of the Brazilian social policies on food and nutrition security that has not been transferred to PAA Africa 

Ethiopia. The second section depicts the complex interactions of actors’ networks in Hawassa, in which PAA Africa takes 

part. The third section examines the role of WFP and to what extent, as an important transfer agent, this organisation has 

contributed to the ‘policy change’ in Ethiopia. In the next section, I highlight the current landscape of the rural area of 

Hawassa to discuss WFP’s power of influence in food shortage regions. Finally, thinking of sustainable solutions to mitigate 

hunger and poverty through SSC, the article outlines the potential of a popular-based cooperation in promoting knowledge, 

convergence, and creating identities between countries. I suggest that there is an urgent need to scrutinise the role of non-

governmental actors in this new international trend. I also propose to adopt a more popular and decentralized perspective on 

international relations for an effective sustainable cooperation between countries from the South. 

2. Methods 
 

Using a combination of interviews with key actors and documentary analysis, the research carried out in Hawassa in 2016 

and 2017 describes the local arrangements PAA finds in the African country. It provides information about the main actors 
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engaged in agricultural issues, their perspective on how to eliminate hunger and poverty and the development patterns they 

have been promoting locally. Upon arriving in Hawassa, I found that the Brazilian policy has merged into these programmes 

and organisations, developing on a very distinct path from the Brazilian PAA. Also, through participatory methods 

interviews with small farmers in Hawassa region, I also examined the contemporary changes within Sidama smallholders 

and the risks brought by modern agriculture to these communities.   

3. Results and Discussion 
 

3.1. PAA and its inherent aspects 

The Zero Hunger programme has played an ultimate role in featuring Brazil as a global benchmark in the fight against 

hunger and poverty that could drive the country to a more sustainable development. It has drawn international attention to 

Brazilian social policies on food and nutrition security, which includes the PAA1, created in 2003 as a Federal Government 

programme aiming to eliminate hunger and poverty as well as to enhance small-scale farmers2.  

In order to understand why PAA has ‘failed’ in Ethiopia, it is important to take into account that the Zero Hunger strategy 

was not conceived and implemented overnight.  Although President Lula da Silva’s administration has been acknowledged 

for implementing the Brazilian social instruments, these programmes are the consequence of long-running debates on food 

and nutrition security that started in 1980, gained momentum in the 1990s, and culminated in the creation of the Brazilian 

National Food and Nutrition Security System (SISAN), in 2006 (Leão and Maluf, 2012).  

SISAN is the legal framework necessary to ensure the right to adequate food, guaranteed by the Brazilian Constitution. It 

links the objectives of food and nutrition security with development strategies, going beyond compensatory policies. SISAN 

aims not only to eliminate hunger, but also to address the existing social inequality in Brazil. Consequently, it is the highest 

expression of Brazilian struggle against hunger and poverty. (Leão and Maluf, 2012). 

The process that led to the development of SISAN is not known at an international level. Yet, it is crucial for better 

understanding of policy transfers. The construction of food and nutrition security policies in Brazil was primarily a 

movement against mainstream food production models adopted in Brazil in the 1950s, which by introducing modern 

technologies from abroad caused unemployment in rural areas. Brazil’s extreme inequality has its roots in the Colonial 

period, characterised by high concentration of land in the hands of a few – a land ownership structure of the 17th century that 

still persists.  

Along its history, Brazilian governments have sustained an oligarchy by favouring extensive farming with tax break and 

rural credit.  Although there was an unfavourable environment for this extensive farming model at national and international 

levels, the government created policies that allowed it to flourish, giving favourable exchange rates to export, establishing 

minimum prices for agricultural products and creating programmes to support technological development.  

On the one hand, this modern farming model brought positive outcomes, such as increased yields and exports, as well as the 

integration of different regions within Brazil. On the other hand, from the social and environmental perspective, it brought 

huge negative consequences. The adoption of external inputs and modern technology in farming practices contributed to 

environmental degradation and to high unemployment rates in rural areas (Teixeira, 2005). 

A remarkable aspect of the Brazilian process in building its food and nutrition security system has been a strong civil society 

participation that established dialogues between different civil society sectors and public agencies. Civil society managed to 

                                            
1 There are five PAA modalities, among them: I) Direct Procurement from Family Based Farmers; II) Procurement for Simultaneous 
Donations; III) Family Based Farmers Storage; VI) Incentive for milk Production and Consumption; V) Food Acquirement for Food 
Attendance  
2 PAA. What is PAA: <http://www.mda.gov.br/sitemda/secretaria/saf-paa/sobre-o-programa 
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create discussion forums, such as the National Conferences on Food and Nutrition Security, to challenge hegemonic sectors 

by bringing to the discussion table important issues regarding rights to adequate food (Leão and Maluf, 2012). 

As highly democratic forums, these national conferences have been instrumental to design SISAN guidelines. Despite their 

unofficial nature, the conferences played an important role in evaluating priorities for national food and nutrition security 

policies for the government. Criticisms about the existing models of agriculture, food supply strategies and food and 

nutrition security programmes have been strongly encouraged during these discussions (Leão and Maluf, 2012). 

Another outstanding achievement of Brazilian civil society has been the creation of the National Council for Food and 

Nutrition Security (in Portuguese, Conselho de Segurança Alimentar e Nutricional – CONSEA), a platform to guarantee the 

dialogue between civil society and the federal government. CONSEA ensures the intersectoral perspective of food and 

nutrition security in social policies. Although the council’s proposals are not mandatory for the Executive power, it acts in an 

advisory capacity to the President.  

Since 1980, there has been an intense debate about the role played by smallholders and family farmers in the economy and in 

food production in Brazil. Along these years, different studies have showed that such farmers have produced most of the 

country’s demand for food and absorbed an important part of the workforce in rural areas. Smallholders have become a 

social category integrated into the country’s economy. With this new social status, they have gained exclusive social policies 

to address their particular issues (Veiga, 1995).  

PAA emerged within this context of discussions about ways to enhance smallholder production and livelihoods. At the same 

time, it was a mechanism to provide them with alternatives to resist the mainstream modern agriculture in Brazil. Although 

the programme was later replicated in different manners, PAA was designed to strengthen smallholders who have chosen 

agroecology and more environmentally friendly farming models. With an intersectoral approach to food and nutrition 

security, PAA combined the institutional demand for food with the smallholder need of access to markets.  

As Leão and Maluf (2012) explain, rather than a government decision, the public policy on poverty and hunger in Brazil is 

the outcome of a social process of participation, struggle and achievements that have crossed several decades. President 

Lula’s administration took the political opportunity to incorporate the interests of civil society into a government 

programme.  

‘It was a complex experience of a plural society pursuing creative solutions for its dilemmas on human rights 

to adequate food, challenging different patterns of development in dispute.’ (Leão and Maluf, 2012) 

However, ‘this complex experience of a plural society’ is what Dolowitz and Marsh (1996) have identified as ‘potential 

constraints’ to policy transfer. These constraints can vary from lack of ideological compatibility between transferring 

countries, insufficient resources of any kind on the part of the receiving country to institutional and structural impediments. 

Rose (1993) called these elements and other wider social contexts ‘the inherent uniqueness of policies’ (Dolowitz and 

Marsh, 2000). Indeed, such factors can definitely reduce policy transferability.  

3.2. The complexity of actors’ interactions and local arrangements  

PAA Africa Ethiopia was established in Hawassa in 2012 as a triangular cooperation between the Brazilian and Ethiopian’s 

government and the Department for International Development (DFID), implemented by WFP and the Food and Agriculture 

Organization of the United Nations (FAO).  As stated on the PAA Africa Ethiopia’s website, the programme was “Inspired 

by the Brazilian well-succeeded Food Acquisition Programme (PAA), the partnership aimed to support global efforts in 

eradicating hunger and malnutrition within a strategy of horizontal cooperation with African countries.”3  

                                            
3 PAA AFRICA. About PAA Africa : <http://paa-africa.org/pt/about/paa-africa/>. 
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In Hawassa, however, PAA meets a very distinct landscape from what has just been described. Talking about policy transfer 

is like diving into a very complex realm of well-settled organisations’ networks and global connections. This is also the case 

for the PAA Africa Ethiopia. Before the programme landed in Hawassa, there were quite a few non-governmental actors, 

such as international organisations, development agencies, multilateral institutions, farm associations and civil society 

organisations, all labouring to set up their programmes, agendas and priorities to mitigate poverty and hunger in the region.  

Among them, there was also the local WFP office, working in emergency situations and developing long-term strategies to 

fight these issues. Due to the lack of resources to implement a project from the start, Brazilian government has considered 

that the easiest solution was to support a local programme already running in Hawassa, the Purchase for Progress (P4P), 

which is also coordinated by WFP, one of the major policy-transfer agents working in partnership with Brazil in SSC.  

Being P4P of vital importance to the Brazilian programme and a key element to understand the changes within the SSC in 

FNS, this section examines the rationale of P4P, as well as the local arrangements and the agriculture patterns it has been 

promoting in Hawassa.   

Smallholders association and the seed circuits 

P4P is the WFP’s flagship programme implemented in Hawassa in 2010. It has, however, been running since 2008 in other 

14 African countries: Burkina Faso, Democratic Republic of Congo, Ghana, Kenya, Liberia, Malawi, Mali, Mozambique, 

Rwanda, Sierra Leone, Sudan, Tanzania, Uganda and Zambia; as well as in two Asian countries (Afghanistan and Laos) and 

in one Latin American country (Nicaragua)4.   

Although in Brazil it has been said that PAA has inspired local food procurement in Hawassa, P4P has been using such 

procurement modality there since 2010 to attend emergency situations. P4P takes the advantage of WFP’s purchasing power 

and the technical contribution of its partners as an opportunity to improve smallholders’ skills and increase yields5. For P4P, 

lack of access to external inputs, information, technology and infrastructure are key barriers for subsistence farmers in 

remote rural areas to access new markets and to escape poverty. By adopting an economic approach to tackling poverty, P4P 

suggests that such pitfalls could only be overcome through specific policies to improve market coordination activities. 

As a result, P4P works to strengthen smallholders’ Cooperative Unions (CUs) based in Hawassa and improve their 

management skills and bargaining power in order to engage them in more sustainable and profitable markets. Moreover, the 

programme’s purpose is to use its purchase power to help smallholders’ products to achieve the quality that markets demand 

and to attract private sector investments to their businesses6.  

These CUs system includes smallholders’ Primary Cooperatives (PCs) in the villages of rural Hawassa. Such cooperatives 

buy crops, such as maize and beans, from individual farmers. At the end of the process, WFP acquires the crops from the 

CUs through its P4P programmes and sends them to emergency situation sites.  

The first CU system in Ethiopia was promoted during the Derg government, when farmers were forced to be part of CUs 

paying exorbitant rates. Associations of this kind caused a great trauma to the Ethiopian population. In 1999, however, the 

CUs system expanded throughout the country through the Agricultural Cooperative Ethiopia, an initiative establishing more 

competitive and profitable-oriented cooperatives. The non-governmental organisation ACDI/Voca and USAID have 

contributed to this relatively successful efforts attracting around 400,000 farmers to new CUs7.   

In Hawassa, WFP and P4P are connected to the Sidama Elto Cooperative Union. This CU was created in 2004 with the 

support of both the government and the highly influential international NGO called Sasakawa – a WFP partner in the 

                                            
4 WORLD FOOD PROGRAMME. Purchase for Progress: Connecting Farmers to Market. An Overview. 
<http://documents.wfp.org/stellent/groups/public/documents/communications/>. 
5 WORLD FOOD PROGRAMME. Purchase for Progress in Ethiopia. Available at: <https://www.wfp.org/content/purchase-progress-
ethiopia>.  
6 P4P Ethiopia. Fact Sheet. 2014 
7 ACDI/VOCA. Projects. Available at: <http://www.acdivoca.org/projects/ethiopian-coffee-development-program/>. 
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implementation of P4P in the country. It is worth noting that Sasakawa was co-founded in 1986 by scientist Norman 

Borlaug, recognised as ‘the father’ of the Green Revolution, in partnership with the Japanese philanthropist Ryoichi 

Sasakawa of Nippon Foundation and the former President of the United States Jimmy Carter. This NGO has developed 

agriculture programmes in 15 countries in sub-Saharan Africa, including Ethiopia, Nigeria, Mali and Uganda, encouraging 

smallholders to buy higher yielding seed varieties and to adopt chemical fertilizers. 

Not surprisingly, it is through this very system of CUs that rural extension workers from the local Agriculture Office have 

introduced chemical fertilizers and hybrid seeds to smallholders, changing their traditional farming methods. The CUs 

system is usually connected to a research centre and a seed company, such as the Ethiopian Seed Company, that ‘improve’ 

seeds (Dorosh e Rashid, 2012). In this scheme, PCs collect seeds from individual farmers for ‘cleaning’ and multiplication. 

The ‘improved seeds’ then return to CUs to be sold to individual farmers through PCs and the Agricultural Office8.  

Upon PAA Africa Ethiopia’s arrival in Hawassa, in order to acquire maize and beans to the school feeding initiative, the 

programme became automatically part of the CU system. In fact, the only difference between both programmes is the final 

destination of the food. WFP uses P4P to deliver food to emergency situations and PAA Africa to school feeding 

programmes. It is important to remember that WFP has been implementing school feeding programmes worldwide for over 

50 years 9.  

In this sense, there is little space to believe that a Brazilian policy on food and nutrition security is somehow bringing 

innovative solutions to mitigate hunger in Ethiopia. These relationships between different actors in Hawassa remind what 

Ogden (2003) says about the transnational transfer network. For the author, international transfer does not always occur only 

between two sovereign countries in the form of bilateral cooperation, but can be complemented or bypassed by transnational 

transfer networks. MacCam and Ward (2013) also remind that policy making is both a local and, simultaneously, a global 

socio-spatial and political process. 

The spread of (old) new ideas  

On the top of that, the spread of ideas and knowledge production have been a particular characteristic of the SSC. While the 

role of WFP within PAA Africa Ethiopia is to procure food from CUs and distribute it to Sidama school feeding 

programmes, FAO helps farmers connected to the programme to develop their technical skills to produce, process and 

storage food. The organisation has provided training in modern technology, such as the use of external inputs with the 

support of the local Agriculture Office and extension workers. In other words, in order to be part of PAA Africa, farmers 

should adopt hybrid seeds and chemical fertilizers10.  

As Stone (2003) says, these autonomous organisations have used their intellectual authority or market expertise to reinforce 

and legitimise certain forms of policy or normative standards as ‘best practices’. They provide essential services for 

decision-makers by advocating policy ideas and developing discourse of transfer, as well as spreading ideas and information 

through their professional networks and into the media and civil society (Stone, 2004). While officials are more involved in 

hard transfer of policy practices and instruments involving formal decision-making legislation and regulations, non-state 

actors are policy-transfer entrepreneurs (Dolowitz; Marsh, 1996).  

As expected, internal evaluation documents demonstrate that PAA Africa has achieved its desired amount of chemical 

fertilizers’ use. Regarding the adoption of hybrid seeds, the target has been even exceeded11. In fact, it is astonishing to learn 

that these metrics could be considered as targets within PAA Africa Ethiopia. 

                                            
8 Interviews with WFP official in Hawassa and the Sidama Elto Cooperative Union 
9 UN. World Food Programme. Available at: <http://www1.wfp.org/overview>. 
10 Interview with a representative from FAO in Hawassa, August 2016 
11 International Policy Centre for Inclusive Growth (2016). PAA Africa Ethiopia. Monitoring Report . Executive Summary. April. 
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Despite an opposite perspective, PAA Africa Ethiopia has determined as a goal to eliminate hunger and poverty in the 

country to support the P4P programme. By adopting this different path, PAA Africa Ethiopia has reinforced patterns of 

modern agriculture and the implementation of a new Green Revolution12, already happening in Hawassa.  

3.3. The role of an international organisation within SSC 

In the last two sections, we discussed the inherent aspect of policies and the constraints to policy transfer. We also saw how 

a network of non-governmental actors operating locally and globally can influence policy change. This section discusses the 

role of actors as agents of policy interpretation. In particular, I examine the position of WFP in promoting the North’s 

interests through PAA Africa Ethiopia.  

As McCann and Ward (2013) say, policy transfer (PT) involves interpretation and reinterpretation of powerful actors such as 

non-governmental agencies, NGOs and consultants along the way. These agents can modify policies drawn from specific 

contexts during the transfer processes, neglecting fundamental elements of the policy in order to make it more attractive to 

other regions. 

Different authors have made efforts to understand the role of actors and agents in PT processes. Dolowitz and Marsh (2000) 

emphasise the performance of international organisations and other non-governmental organisations, such as the 

International Monetary Fund (IMF), the Organisation for Economic Cooperation and Development (OECD), and United 

Nations’ agencies in PT processes. The authors draw attention to the ability of these institutions to disseminate ideas and 

programmes and, above all, their ability to influence local policy makers. Dolowitz and Marsh argue that different United 

Nations agencies have increased their role of influencing the entire globe, either directly – through project financing – or 

indirectly – through ideas promoted in their reports – or by speeches delivered at international conferences.  

This trend can be clearly seen in South-South Cooperation dynamics, and particularly in the PAA Africa Ethiopia 

programme. As old patterns of development have undergone transformations, northern donors have made attempts to find 

points of entry into the SSC. They aim to reshape norms and practices of such cooperation whereas broadening economic, 

political and security opportunities to which they have been losing access (Abdenur and Fonseca, 2013).  

Abdenur and Fonseca’s (2013) work about the North’s growing role in SSC and its motivations behind it highlights major 

arrangements and strategies northern agencies are making to expand their influence. The authors argue that such agencies 

have attempted to harness the new cooperation through multilateral platforms and triangular cooperation that support 

initiatives in southern countries.  

This discussion gives some clues to the PAA Africa Ethiopia puzzle. In 2011, a partnership between the Brazilian 

government and WFP launched the Centre of Excellence Against Hunger in Brasília, a global forum to promote SSC and to 

exchange experiences in capacity building and social protection networks. The Centre supports the implementation of a new 

generation of sustainable school feeding programmes to increase the overall capacity to develop sustainable programmes in 

the promotion of food and nutrition security of populations. 

Working as a global forum for experience exchanging, the Centre has received since 2011, representatives from many 

different African, Asian and Latin American countries willing to learn from Brazilian policies.  

Without any concerns about the policy mutation in Ethiopia, the Centre believes that the purpose of SSC is to influence 

countries to create their own programmes on food and nutrition security. Rather than saying what countries should do or not 

do, the Centre understands that countries must build their own policies according to their laws and regulations, government 

                                            
12 The term "Green Revolution" was first used by Willian Gaud in 1968 to refer to the strategy of financing the Northern America 
philanthropy based on modern technologies, such as the use of hybrid seeds, fertilizers, irrigation and credit, in order to increase the 
production of food commodities (Patel, 2013). The Green Revolution has been criticized by many authors and ecological movements due to 
its negative impact for environment and small farmers.  
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structures and guidelines. In this sense, the Brazilian technical cooperation in FNS has the purpose of inspiring other 

countries. It argues that unlike the patterns of the old North-South relationship, the new SSC assumes that recipient countries 

are capable of building their programmes and national policies. Indeed, it implies that the success of the programme is 

directly related to the ability to adapt it to a local context.  

‘There is not one specific Brazilian model of food and nutrition security policy to be implemented in other 

countries, but various initiatives to be developed based on the Brazilian model.13’  

Whether or not the principle of non-interference can justify ‘policy change’ is a question for further research. Nevertheless, a 

very important aspect to be highlighted in this policy change discussion is the new WFP strategies to tackle hunger adopted 

during the last decades and their close relationship to the transformations observed in PAA Africa Ethiopia. 

WFP is a leading humanitarian organisation fighting hunger worldwide with an impressive infrastructure. As stated on its 

website, ‘on any given day, WFP has 5,000 trucks, 20 ships and 92 planes on the move, delivering food and other assistance 

to those in most need.’14 Created as an experiment to provide food aid through the UN system, along its history, WFP has 

changed approaches and strategies to mitigate hunger and poverty. The global consensus that world hunger would not be 

eradicated through food aid, the need to address climate change, and the Millennium Development Goals (later replaced by 

the Sustainable Development Goals - SDG) have been instrumental to its strategy reviews.  

Over the last decades, WFP has adopted concepts such as food assistance, a more holistic approach to addressing poverty 

and hunger. Rather than focusing efforts only on donating food for emergency situations, the organisation embraced a 

complex understanding of nutrition and the different mechanisms to tackle it.  The concept of food assistance became part of 

a broader umbrella designed to achieve an overall wellbeing. Thus, the organisation has pursued food and nutrition security 

either through direct assistance or by strengthening country capacities and building resilience.  

According to the World Hunger Series: Hunger and Markets, a WFP report published in 2009, WFP has adopted, since 

2001, an economic approach to eliminating poverty by introducing subsistence farmers into new markets (WFP, 2009).  For 

WFP, local procurement initiatives became an opportunity to implement the food assistance concept. The organisation 

understands that enhancing the synergy between food and nutrition security, humanitarian crises, investment in agriculture, 

social protection and the promotion of inclusive institutional markets is key to the development of rural areas. Consequently, 

access to markets became central in the fight against hunger and poverty. 

This WFP report emphasises privatisations, integration of smallholders into the food industry’s supply chain and 

globalisation of the world food system as definitive solutions to rural areas. According to the report, WFP purchased about 

US$ 1.5 billion of food commodities in Africa between 2001 and 2007.  

Without mentioning the importance of food production to local markets and communities’ needs as a strategy to food and 

nutrition security, the report states that limited market participation is a major factor in low income and hunger in the 

countryside. This old approach gives strength to the green revolution theories that suggest that developing countries remain 

trapped in labour-intensive agricultural activities with low productivity. Therefore, WFP has been supporting farmers’ 

associations, due to their capacity to give smallholders access to financing and valuable markets.  

The WFP market strategy is also observed in the PAA Africa Phase 2 Umbrella Document15. Between 2003 and 2012, 

according to the report, WFP's procurement programmes in Africa accounted for more than US$ 2 billion, of which US$ 

290.6 million was spent only in 2012. In this context, school feeding programmes are considered as a golden market 

opportunity.  

                                            
13 Interview with a representative from Centre of Excellence Against Hunger, May 2017. 
14 UN. World Food Programme. Available at: <http://www1.wfp.org/overview>. 
15 PAA Africa Phase 2 Umbrella Document .  
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Given the big picture of WFP’s assessment to mitigate poverty, it is not difficult to identify that the major expression of this 

‘market approach’ to hunger is the P4P, already discussed above.   

3.4. The risk of a new green revolution for a sustainable development in Ethiopia, a land of plenty and beauty 

Reports from the first Europeans who visited Ethiopia around the 16th century describe the abundance of the mountainous 

country being ‘all very delightful and covered with trees.’ Some manuscripts have highlighted the productivity of 

Ethiopian’s highland agriculture in contrast to the depression in some parts of Europe at that time  (Edwards; Asmelash; 

Araya; Egziabher, 2007). 

Known as the birthplace of agriculture in Africa, Ethiopia is rich in biodiversity with endemic species such as the teef cereal 

(Eragrostis tef) and a wide genetic variety of grains such as barley, maize, sorghum, sesame, flaxseed and durum wheat 

(Triticum durum). Yet, famine episodes in the 1970s and 1980s have portrayed Ethiopia as a food-deficit country with 

people and animals starving to death. Ethiopia became a worldwide symbol of hunger.  

It is true that Ethiopia today has little in common with that country devastated by poverty. Challenges, however, are still 

present. The World Resource Institute (WRI) shows that in 2015 Ethiopia had less than 4% of the remnant native habitat. 

With near 106 million inhabitants in 2018, Ethiopia is the second most populated country in Africa and the 12th in the world. 

In small pieces of land of just half a hectare, farmers have to produce enough food for their families of seven people or more. 

The growing demand for food from increasing population makes way to those advocating the use of chemical fertilizers and 

hybrid seeds. Yet, such modern-technology supporters forget to mention that the agribusiness is a major competitor in land 

use.  

The situation is not different in rural Hawassa. There, smallholders live with incomes ranging between US$150 and 

US$2,000 annually, a number that falls below the World Bank poverty line. Like most of the rural area of Ethiopia, these 

farmers inhabit their tukuls, small round houses built from straw and adobe, with neither sewage nor electricity. For many 

generations, they have grown crops such as maize, beans, cabbage and ensete, a Sidama staple food also known as false-

banana.  

Over the past 15 years, however, these smallholders have been encouraged by extension workers to change their traditional 

farming system to modern technologies. Since then, indigenous seeds have been disappearing from communities and 

smallholders started buying hybrid seeds and chemical fertilizers from private enterprises.  

As McMichael (1996) notes, capitalization of agriculture has been widespread as a means of increasing yields, opening up 

new markets and, ultimately, ensuring food and nutrition security in the countryside. Such practice has been reshaping 

governance in Sub-Sahara African countries with high impacts on food variety, production models, and the introduction of 

new crops. Considered as some of the poorest countries in the world, multilateral institutions have direct influence on the 

Sub-Saharan agendas and public policies as these international agencies contribute significant financial support  

(McMichaeL, 1996).  

This trend has enabled a second Green Revolution in African countries. Although the advent of the Green Revolution 

occurred in the 1960s and 1970s, authors like Raj Patel (2013) argue that there is now a new Green Revolution, or a Long 

Green Revolution that has never ended. An important component of the current one is the weakening role of governments 

compared to multinational companies willing to dominate the food system. In this sense, the new Green Revolution is 

introduced as a strategy of food and nutrition security in which the adoption of high-productive seeds, climate change 

resistant seeds and chemical fertilizers is strongly advised.  

There are many risks related to these practices and concerning implications for the sustainable development of rural 

countries in Africa: 1) Hybrid seeds are the first step for genetic modified organisms; 2) Green revolution’s system reaches 

ISDRS Conference 2018 ”ACTION FOR A SUSTAINABLE WORLD: FROM THEORY TO PRACTICE”

1100



only small scale farmers, but leave the very poor aside; 3) It can destroy local traditions and important local food 

arrangements; 4) There is a risk to turn essential food into cash crop.  

The greatest expression of the new Green Revolution in Africa is the Alliance for a Green Revolution in Africa (Agra), the 

outcome of a partnership between the Rockefeller Foundation and the Bill and Melinda Gates Foundation in 2006. These 

organisations have been implementing biosafety regulations and agricultural technology programmes across the African 

continent.  

Therefore, there is a key question to be asked: why do smallholders choose these new technologies? Over the past decades, 

development agencies and the Agriculture Office in Ethiopia have advocated the use of external inputs in agriculture. When 

farmers refuse to adopt their strategies, they become completely isolated and without any support from the government. On 

the other hand, if smallholders follow the development agencies’ guidelines, they receive training, technical support and 

become eligible to loans.  

There is also an outstanding issue regarding the role of non-governmental actors that policy diffusion theorists should take 

into account. Agriculture in Hawassa relies only on rainwater. When rain fails, farmers lose crops and become extremely 

vulnerable to hunger and starvation. During these drought periods, development agencies, such as WFP, are present with the 

necessary infrastructure ‘to quickly get the job done at scale in the most difficult environments’. Interviews with 

smallholders in Sidama communities show that, among all the institutions operating locally, WFP and P4P programme are 

recognized as the most important for their lives. The power of influence of such agencies on rural communities is justified 

by a Sidama woman, who says: ‘WFP gives us food when we don’t have crops. They don’t let us starve to death.’  

3.5. A more effective cooperation between Southern countries 

Most of the SSC literature tends to replicate the same predominant state- centrism found in International Relations. As a 

result, SSC practices have became more associated to official initiatives among governments. In a different direction, 

Bringel and Vieira (2005) have analysed SSC from the perspective of popular based internationalist movements and its 

configurations abroad. The authors have used as examples the role of “brigades” and training courses promoted by the 

Brazilian MST (Landless Movement) to connect their members with activists from a wider part of the world, in particular 

with La Via Campesina. They argue that popular based and non-official agendas of SSC tend to be very successful in 

promoting knowledge, convergence, and creating identities between nations. According to the authors, less centralized 

movements within Southern countries are more critical about contemporary issues and open to discuss hierarchy patterns, as 

well as old balances of power.    

The Florestan Fernandes School is a learning space created to teach and discuss MST important issues, and also to help to 

maintain its rural traditions. Long-term courses are offered to activists either from Brazil or abroad interested on rural live 

subjects. These learning spaces have played a very important role to promote MST internationally. While students broaden 

their knowledge about ecological practices and dilemmas of rural life, the time they spend together is an opportunity to meet 

each other and strengthen their tights. After such experiences, activists will struggle for same causes, even being in different 

places of the world. Acknowledged as “brigades”, these spaces have become very effective for the internationalization 

process of the MST.  

Bringel and Vieira (2005) emphasise the importance of researches and empirical analysis focusing practices of SSC 

involving individual movements at a global scale. According to them, horizontal movements have an enthralling potential to 

transform international practices and this fact should not be neglected within SSC. 

In the same track, the Institute for Sustainable Development (ISD), a non-governmental organization based in Ethiopia, has 

demonstrated that interactions between individual farmers from different provinces and countries can be very effective in 

problem solving.  ISD’s notable work on fighting poverty in the most challenging regions of Ethiopia is acknowledged 

worldwide. Through agroecological methodologies and natural resources management, ISD has been restoring soil fertility, 
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increasing yields, strengthening local markets, and empowering poor rural communities. The project started in four 

communities in Tigray Region in 1995 and spread to 42 communities in nine years. Today, around 35,000 farmers in four 

different regions of Ethiopia have adopted ISD technologies. Working at grassroots level, ISD recognizes that 

methodologies from outside should not be imposed to farmers. The Institute has developed discussion platforms to analyses 

dilemmas and to fill the gaps. The approach is to establish benchmark communities that would be visited by farmers willing 

to learn new models.16  

These farm-to-farm relationships aiming to find solutions to common rural problems have been established also with 

individuals and research institutions from Kenya. Over the past years, ISD has sent farmers for training in Kenya’s 

International Centre of Insect Physiology and Ecology (ICIPE). This partnership allowed the technical transfer of “push and 

pull” method, an ecological approach to fight pest of the stemborer parasite, one of the major constrain for Ethiopian 

production of staple foods such as maize, sorghum, millet, and rice. The “push and pull” strategy involves intercropping 

cereals with a repellent plant, such as desmodium, which deters stemborers to reach the target food crops. At the same time, 

an attractant trap plant, for instance the napier grass, is planted around the border of this intercrop, with the purpose of 

attracting and trapping the insects. As a result, the food crop is protected from the pests.  

Being of crucial importance for Ethiopian rural life, this technical transfer has been very effective in controlling stemborer 

issues. Furthermore, farmers in different regions of the country have replicated the “push and pull” technology, enhancing 

networks of local knowledge exchanges.   

These examples of decentralized technical cooperation among farmers and the civil society, as described by Bringel and 

Vieira, are likely to succeed as they reinforce political tights and create identities among people from different places. On the 

other side, initiatives involving international agencies tend to focus more in high officials meetings and seminars, with minor 

farmers participation.  

As Bringel and Vieira argue, socialization, esteem and affection among people are fundamental to any kind of cooperation 

among nations, in particular to those aiming to change the old balance of power, as SSC has proposed to do.  

During the time I spend in Hawassa carrying out this case study I haven’t met a single person working with PAA Africa 

Ethiopia who had been in Brazil. Both farmers and students from schools involved with the project have barely heard about 

the South American country and have no idea that they were part of a Brazilian programme. When addressing such 

questions, answers were diverse, but none would relate the country to food or rural issues. A young farmer replied that 

“Brazil is very good in football and they have a great player called Messi.” 

4. Conclusion 

The present case study of PAA Africa Ethiopia carried out in Hawassa shows how a social policy created within a specific 

historical context of Brazil was distorted when transferred to a different nation by a powerful international agency.  Whereas 

in Brazil the social policy represented the outcome of a civil society struggle, in Ethiopia it was transformed into a WFP top-

down programme established without any community participation. In the hands of the biggest humanitarian agency in the 

world, the Brazilian process that helped to construct its policies on food and nutrition security was lost along the way. By 

merging with other programmes and using CUs to procure food for its School Feeding programmes in Hawassa, PAA Africa 

Ethiopia is supporting local arrangements that promote the use of hybrid seeds and external inputs, including invasive 

technologies such as chemical fertilizers. By doing so, PAA Africa Ethiopia supports the same development patterns PAA 

was supposed to resist when created in Brazil. 

                                            
16 Interview with representatives from ISD in Ethiopia. August 2016 
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As policy transfer theorists have mentioned, there are inherent aspects of PAA in Brazil that can constrain transfers. Without 

some of those social, cultural and historical elements found in Brazil when PAA was initiated, the policy would hardly 

succeed in other parts of the World. However, PAA has been presented within the SSC to other developing countries in 

Latin America, Asia and Africa as a successful strategy to eliminate hunger and poverty. As we have seen, policy transfer 

also includes interpretation from transfer agents, who tend to change or modify policies in order to make them more 

attractive to their clients or to adjust them to the context of the new destination. 

We also have discussed the WFP’s impressive capillarity to reach any corner of the planet and its impressive power to 

disseminate ideas, either directly through its projects or indirectly in international conferences and glossy reports. WFP has 

been working in the field of School Feeding programmes for nearly 50 years with its own agenda and using its own 

approaches to eliminate hunger and poverty, which is clearly different from the perspective embedded in the Brazilian PAA.  

At the end of the process, the programme found in Hawassa is closer to a WFP model than to the Brazilian initial idea. 

This article shows how northern donors and their multilateral agencies have pursued to maintain their participation in 

development cooperation through an SSC arrangement. Traditionally, foreign policy has been an opportunity for self-

promotion as countries have used foreign aid to influence international relations. Yet, it is also important to understand what 

the rationale behind these actors has been. What motivations are driving them? Who is supporting such agencies? Then, it 

would be necessary to make the same questions to anchor countries of the South. Which sectors of the Brazilian government 

are leading SSC? Which sector of the Brazilian economy gains from supporting a programme such as P4P? How have these 

negotiations been made?  

Lack of transparency has been a characteristic of the Brazilian performance within SSC. Whereas civil society had a 

prominent role in building these food and nutrition security policies that drew the world’s attention, within SSC international 

agencies control the policy transfer of such programmes with little involvement of universities, local NGOs and institutions 

dealing with the same theme.  

Concerns about the role of non-governmental actors such as international agencies within the SSC are very new and 

researches about the theme are scarce. Regarding the role played by Brazil in inspiring Home Grown School Feeding 

programmes abroad, most studies are carried out by the same actors and international agencies who lead the programmes 

internationally. Without any critical perspective, these studies focus on the benefits of enhancing School Feeding 

programmes in Africa. Information about the Brazilian leadership in inspiring HGSF programmes abroad is also conveyed 

by these ‘SSC agencies’ through their communication team. However, the agriculture patterns and consequent risks these 

programmes are promoting in African countries (and elsewhere) are not clear and have not been discussed in Brazil. 

Unless there is a dramatic shift towards a more popular-based cooperation, I am falling to see how the world-renowned 

Brazilian public policies on food and nutrition security will be changing the reality for a better and sustainable future in 

Africa.   
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Abstract 

China’s entry into the role of aid donor in Africa has altered global southern relations on a bilateral and multilateral level, 

carving new leverages for south-south partnership and north-south relations as well as introducing interesting implications 

for development finance and resource-frontierism. Using a case study of Ghana, this research uses a historical narrative 

analysis of the interaction between foreign aid, economic deregulation and resource-extraction to explore new channels of 

deregulation being created in the country’s contemporary oil and gas industry. Here, China and USA are used as the dominant 

analytical frames of global north-south resource-aid. The case study area is the Western region of Ghana which is the onshore 

hub of Ghana’s offshore Petro-chemical frontier and considered the most biodiverse region in the country.  Research 

questions therefore centre on aid complementarity, competitiveness and compatibility into the resource-frontier. It also 

looks at the institutional re-adjustments to these forms of finance structures and the cumulative environmental implications 

that are currently emerging.  The methodology involves document analysis, key expert interview analysis and aid-data 

analysis. 

 

Findings show that the US shows a more dispersed technical assistance aid programme manifested in significant parts of 

Ghana’s oil production chain (e.g. entailing projects on port operations, gasification and power transmission projects). China 

however is a bit-part downstream investor with substantial project-led aid especially on infrastructure projects. Crucially, 

the complementarity between Chinese project-led aid and US programme-led aid directed to Ghana’s Petro-chemical sector 

takes on a more competitive form when analysed in its broader “gateway effects” to these donors’ foreign investment 

intentions. The research also argues that a newer form of deregulatory (“re-adjustment”) is emerging through this new 

Petro-chemical frontier in Ghana, this re-adjustment entailis (i) demonopolized foreign aid sources, (ii) loans based on 

conditions of access to resources and (iii) the upsurge in high-risk, high reward investments whereby transnational firms are 

increasingly granted licenses to explore for oil and gas both on land and sea.  

Lastly, the paper explores the inherent contradictions between foreign aid simultaneously directed towards mineral 

extraction, poverty-reduction and environmental protection. This last point exposes the weakened and passive role of the 

state in tackling (especially) the currently unravelling cumulative environment effects. Such effects linked to the extant 

resource-deregulation policies shows that attempts at poverty-reduction and environmental mitigation programmes are 

often initiated via these same aid sources. The implications of such government weaknesses and contradictions will only 

intensify with the increasing and enlarged ‘aid market-place’ that has emerged. 

  
Keywords: aid, FDI, Ghana, structural adjustment, oil and gas.  
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1. Introduction  
 

China’s entry into the role of aid donor in Africa has altered global southern relations on a bilateral and multilateral level, 

carving new leverages for south-south partnership and north-south relations as well as introducing interesting implications 

for development finance and resource-frontierism. Using a case study of Oil and Gas production in Ghana, this research uses 

a historical narrative analysis of the interaction between foreign aid, economic deregulation and resource-extraction to 

explore new channels of deregulation and impacts being created in the case study region (Western Ghana). This research 

thus centres on aid competitiveness and complementarity, compatibility of aid sources as well as the possible institutional 

and environmental impacts. Part ‘A’ of the paper briefly sets the boundaries of aid literature and outlines the historical 

development of aid as a finance mechanism as well as the historically instrumental role of resource extraction to foreign aid. 

Part ‘B’ looks at the history and current features of China’s (and other east and South-east Asian nations’) aid to African 

countries as a countervailing force to US (and other western) historical aid activities. Part ‘C’ describes the case study area 

and research methods. Part ‘D’ analyses the results of the research showing the link between different forms of aid 

(monetary and technical) applied by China and US to enter Ghana’s oil and gas production networks, thus showing 

complementary aid but competitive aid-backed investments between the two in the pursuit of donor interests. It also 

documents, using specific case study examples, the contradiction of oil-related aid and ecological-livelihood interventions 

that signals a contradiction of aid intentions as well as its environmental implications. The final part concludes the paper, 

suggesting that an analysis of aid complementarity, competitiveness and compatibility towards resource-frontiers is 

insufficient unless linked to broad institutional and investment channels that it creates as a “gateway effect” and the role of 

aid as leverage in resource extraction.  

 

Part A: Between Independence and aid-dependence; Resource frontiers in the cross-fire 

Foreign aid (ODA)1 can be defined as official financial flows to countries and multilateral agencies for development projects 

and programmes, containing a grant element of at least 25%. These finances are normally sourced from developed countries; 

with UN recommending a 0.7% of developed country GNP to be directed towards aid (Clark, 2006: 141-142). Various aspects 

of aid dispensation have received enormous scholarly attention, including aid effectiveness (e.g. revenue, technical and 

institutional support), aid duplication and coordination, issues of poaching, green zones to name a few (Bräutigam & Knack, 

2004; Watson, 2014). A major segment of aid literature looks at the donors’ reasons for giving aid and identified two 

dominant schools of thought; recipient need and donor interest. Aid is deemed to address the need of recipients when it 

responds to institutional and governance incentives as well as specific targeted programmes deemed relevant for recipient 

countries. Conversely aid geared towards donors’ strategic interest is made manifest through for instance investments linked 

with colonial ties, arms sales, aid linked with trade etc. (Alesina & Dollar, 2000). At a temporal level, it is also deemed that 

the aid literature has moved from ‘Aid 1.0’ which addressed inequality between countries to ‘Aid 2.0’ geared towards 

inequality within countries (Watson, 2014: 43-44). 

 

Although the end of WWII initiated the institutionalization of foreign aid, the colonial and post-colonial era was also 

characterized by forms of financing touted as ‘aid’ between global north and south; and instrumentalised for natural resource 

frontiers.  

                                                      
1 Official development assistance, which is different from Other financial flows (OOF). This will be made clearer in subsequent 
pages.  
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Frontiers are noted as “artefacts of technology and imagination”, as sites of “bountiful emptiness” both imagined and 

constructed, as sites devoid of people, histories and claims but full of potential (Li, 2014: 592; Bridge, 2001). For instance, 

Ghana’s history within the phases of “informal empire” (Hopkins & Wallerstein, 1977: 121) from the 15th century to the 

colonial era (from  1844 to 1957)  was imprinted by the build-up of infrastructure primarily in the resource-frontiers (forest 

and coastal belts) to facilitate the extraction and export of minerals and raw materials by, predominantly, the British (Ozanne, 

1962; Arn, 1996). This included the case-study area. The investments for such infrastructures were expected to be paid from 

the coffers of the colonies themselves with the exception of the 1929 British colonial development Act that offered grants 

to meet the cost of repaying such “loans” (Ayittey, 2002: 1).  

 

Post-independence Ghana was also characterized by dirigisme of a socialist outlook (at least up till the late 1970s and early 

1980s), focusing on reducing poverty, increasing subsidisation and domestic savings (UNCTAD, 1998; p.116). Within this 

period, natural raw materials were also envisioned by local elites as the fulcrum for self-reliance; thus, food self-sufficiency 

experiments such as “Operation feed yourself” were practiced in Ghana in the 1970s. Other countries such as Tanzania 

implemented similar concepts (Ujamaa) in the 1970s-1980s (Girdner et al, 1980; Isinika et al., 2005). Hence, resource-

management was instrumental in this post-colonial dirigiste undertakings.  Interestingly within the same (1960s-80s) period, 

foreign aid and investments were ever present, albeit highly regulated and occasionally resource-focused. This north-south 

financial relationship therefore lurked in the background: for strategic-colonial-commercial reasons as well as recipient need 

(Alesina & Dollar, 2000: 33). In theory, this aid was supposed to fill the lacuna between “domestic savings and investments” 

and supplementing imports to boost Africa’s capital producing sectors aided by technical assistance (Ayittey, 2002: 2). It 

propped up African dirigiste intentions with foreign support, often reified by straddling together postcolonial support and 

neo-colonial presence. Aid to Africa in the 1960s was therefore bilateral in nature with FDI targeted mainly to the extractive 

sector (UNCTAD, 1998; p.116).  

 

Consequently, the 1970s to 1980s were characterized by multilateral aid geared towards technical assistance and project 

guidance. By the 1980s, 22% of world aid was directed towards Africa (with 12% of world population at the time) (Whitaker, 

1988: p. 60). Ghana, within this 1960s to 1980s period, marred by political instability (five coup d’états from 1966-1979) as 

well as corruption, economic mismanagement, clientelism, and unfavourable terms of trade; brought the country to a debt-

ridden brink of economic collapse by 1983 (Konadu-Agyemang, 2000: 473). 

 

Natural resources, albeit on a geopolitical scale, also played a dominant role in this economic collapse of many African 

countries including Ghana; the 1973 oil-financial crisis coupled with high oil pricing and financial deregulation by the U.S. 

together with its primacy over the “recycling” of Gulf-region Petro-dollars meant that a financial regime emerged (influencing 

multilateral agencies such as the IMF). The regime was capable of projecting power through forcing open markets and 

demanding structural adjustment programmes (SAPs) as a requirement for debt relief (Harvey, 2004: 70).  For global south 

economies like Africa, the 1973 global oil-price shock was characterized by an adverse shift in the terms of trade for its 

primary commodity exports vis- à- vis its manufactured goods as well as a deepening emphasis on cash-crop than food-crop 

production  (Patnaik & Patnaik, 2016: 109). This meant more imports of food (sometimes financed through aid) and imported 

at higher prices, therefore requiring more borrowing and eventually ending up in more debt. 

 

Multilateral debt-relief was envisaged as a way out of the debt crisis by countries such as Ghana, and the emerging neoliberal 

order was embraced in the process. The World bank/IMF offered loans on conditions which required recipient countries to 

“adjust” their economic and bureaucratic structures as a condition for aid; i.e. deregulate their economies and institutions. 
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These structural adjustment programmes were also deemed as a move to create the ‘right’ environments that would 

increase the success rate of the technical-assistance and project-guidance forms of aid that failed in the 1980s (Clark, 2006: 

144-145).  These adjustment measures were based on a substrate of neoclassical economics which called for contractionary 

governmental policy of reducing deficits, increasing taxes or raising interest rates (Stiglitz, 2002: 12-13).  

Eventually in February 1983, Ghana signed a Structural Adjustment agreement with the World Bank/IMF to access 

multilateral foreign aid to service debts. The agreement consisted of actions including “…..encouraging production and 

export of both traditional exports (cocoa, mineral resources, timber) and non-traditional exports (crafts, foodstuff, 

vegetables)”  (Konadu-Agyemang, 2000: 473-474). These loans (in Ghana and other African countries) were linked with as 

many as sixty conditionalities and benchmarks (World Bank, 2005). 

 

This had profound implications for natural resource development in Ghana. First, Ghana’s mining laws were liberalized, 

through the PNDC Law 153 of 1986, under the IMF-World Bank tutelage to align with the global neoliberal dictates emerging 

at the time.2 This was followed by the sell-off of state mining companies to private entities; for instance, 40% of state-owned 

Tarkwa gold mines in Ghana were privatized together with 20% of Government shares. Ghana’s biggest gold mine in Obuasi, 

producing 50% of the country’s gold was transformed in 2003 from a public-private partnership company to a fully privatized 

one (Panford, 2016: 78-81: Agbesinyale, 2003; Agbesinyale et al., 2008).  

 

Part B: Old comrades with new intentions? New forms of aid and frontierism  

As the SAPs were being implemented through multilateral channels, bilateral aid from traditional (global north) donors was 

declining in the 1990s in Africa3. Newly emerging players in development financing emerged in Africa in the late 1990s, China 

being the most prominent.  

 

China’s own experience with neoliberalism, unlike in Africa, was characterized by internal institutional-sequencing to bolster 

their local economies before a full external embrace of the global market in the late 1970s to 1980s (Stiglitz, 2002). Neoliberal 

China became the next successor to its (Maoist) version of dirigisme in the 1950s to 1970s (Bräutigam, 2009). China had a 

“presence” aid-wise in Africa even during its Maoist dirigiste period. Ghana, Mali, Guinea and  Tanzania received Chinese aid 

immediately after independence as a sign of a common interest – of non-alignment and often socialist values (Taylor, 2013: 

286). Secondly, China’s battle for recognition against Taipei made newly independent African states a strategic destination 

for aid in the 1960s to achieve this end (Bräutigam, 2009: 32).  Moreover, glimpses of its foreign direct forays abroad were 

seen in aid-based construction projects in Mali and Tanzania in the late 1960s to 1970s. As at the 1980s, countries such as 

Tanzania, Niger and Ghana were literally indebted to China; thus, the Chinese government – in response to Western HIPC 

debt forgiveness policy in the 2000s – extended the deadlines for payment of such loans. Additionally, between 2000-2008, 

China made pledges and cancelled 376 African debts owed them – to the tune of $3 billion - with very few conditions (ibid: 

127-128, 170)4. Between 2002-2007, China cancelled about $245.5 million of Ghana’s debt owed them (China Aid Data, 2002, 

2003, 2007). The G8 also replicated these debt cancellation policies in Africa with its own brand of cancellations in 2005 

(Watson, 2014: 105-106) 

                                                      
2 About 110 countries deregulated their mining and investments codes during the 1990s and early 2000s to attract foreign 
direct investments (Le Billon & Sommerville, 2016: 19-20). 
3 Reasons for the reduction of Western Bilateral aid include among others; diversion of aid to former communist countries, 
as well as the decline of aid to Africa after the cold-war from Russia, Finland and more importantly from U.S.A who used aid 
as a strategic measure to ‘win’ the cold war and reduced aid thereafter. Other reasons cited include the burgeoning sub-
Saharan population between 1990 and 2000 resulting in lower aid per capita (Clark, 2006: 142-143).   
4 Specifically, loans that had maturation dates before 2008 were cancelled for African countries that recognized China and 
disavowed Taipei (Bräutigam, 2009). 
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China’s foreign aid and economic partnership initiatives in Africa took a more pronounced turn before the new millennium, 

culminating in the “go global” policy of 1999; which coincided with the decline of western bilateral and multilateral aid to 

Africa. The deregulation of African economies following SAPs was also a contributing factor to China’s entry following their 

own neoliberal deregulation (Taylor, 2013: 286-288).  Other global southern countries have also been key players of 

development financing in Africa; prominent examples being established Japan and South Korea (Watson, 2014). Together 

with China, they are more involved in project-driven donor activity, rather than the country-wide approaches used by the 

western donors (ibid: 105). The establishment of the BRICs group in 2009 also brought up alternative fora for aid 

collaboration. For instance, in 2013, the BRICs group planned to set up a development bank for aid financing (BRICS, 2013).   

 

China’s foreign aid structure mostly involves grants, interest-free loans and concessional loans for a period of 15-30 years, 

having gained experience as aid recipients themselves from the global north and from Japan during its Mao years (Bräutigam, 

2009: 112; GOC, 2017). Key aspects of its aid policy are its infrastructure-focus, the use of imported labour, the mixture of 

aid and other forms of investment and its policy of non-interference in internal affairs of recipient-countries unlike western 

donors (Bräutigam, 2009: 148).  At a world-system level also, a ‘shared sense of natural partnership’ against western 

imperialism and ‘south-south cooperation’ have been strategies that surrounds Chinese aid in Africa (Taylor, 2013: 287). This 

shared sense of historical trajectory and partnership is also characteristic of emerging powers like Brazil and their foreign aid 

policy in Africa (Stolte 2012). 

 

One institution vital to China’s aid activities in Africa is its Export-Import Bank (Exim Bank). This bank oversees export 

promotion, specifically by issuing export buyer’s credit and concessional loans as parts of its aid and development assistance 

policy. Export buyer’s credit does not qualify as aid, but a concessional loan does5. Sometimes the two are provided together 

as ‘package financing’ for specific projects in global south countries, having been implemented in African countries including 

Ghana. The use of Exim-bank directed loans grounds China’s ability to implement tied aid whereby recipients receive 

concessional loans6 (e.g. to construct infrastructure projects) bounded by the condition to use Chinese companies and/or 

import about 50% of the project’s inputs from China. Such concessional loans (as tied aid) is based on the conditions on 

reduction of import tariffs on inputs, lower income taxes and tax-free repatriation of loan payments (ibid: 114). 

2. Questions and Methods 

Part ‘C’: Research Questions, Case Study area and Methods 

This research therefore analyses whether there is a reconfiguration of the intensity, forms and conditionalities of resource-

led aid. Questions centre on (i) aid complementarity and competitiveness into new resource-frontiers (ii) the compatibility 

of aid conditionalities (or its lack thereof) and (iii) the re-adjustment of institutional structures as a response to newer forms 

of aid.  

The case-study is the 6 coastal districts (Sekondi-Takoradi, Jomoro, Ahanta West, Ellembele, Shama, Nzema East) of the 

Western Region of Ghana, which form the onshore hub and frontier of the country’s offshore Petro-chemical industry. These 

six jurisdictions will henceforth be referred to as “frontline region” for the rest of the paper (map 1). In 2007, commercial 

quantities of oil of about 800 million barrels was discovered offshore (in the Jubilee oil fields). This is not an isolated 

development looking at the larger geographical context; since the late 1980s, there has been increasing discovery and 

extraction of crude oil and gas resources from the West African Gulf of Guinea (Cust & Mihalyi, 2017). Production of oil at 

                                                      
5 The former (export credits) could be categorized as an OOF.  
6 Aid with a minimum of 25% grant.  
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the Jubilee field started in 2010 while about 15 other oil blocks are under exploration (Obeng-Odoom, 2014, 51; Plänitz, 

2013, 30-31). The extraction process at Jubilee fields produces three primary products; crude oil, natural gas, and gas 

condensate. The frontline region provides the landed onshore location for various ancillary aspects of the oil production 

chain; including gas refining areas, oil storage and transportation areas, distribution centres, gas filling stations and offices 

for the oil companies.  

The frontline region makes up a combined population just over 1 million and a land area of 4514.2sq.km (GSS, 2010; 2014; 

2014b, 2014c, 2014d, 2014e, 2014f; Ghana districts, 2018). 

 

Map 1. Six frontline districts in the Western Region (Ghana) 

Source: (Ayifli et al., 2014: 345) 

The data for this research paper was sourced from land-use permit databases from the frontline region, international aid 

and investment tracking databases, newspaper publications and field observations. This was then complemented with 

interviews with local NGOs, district planners as well as export-import agencies in the frontline region. The methodology 

therefore involves a triangulation of document analysis, key expert interview analysis and aid-data analysis (Opperman, 

2000). The data includes a list of the aid sources (since from 2007 to 2017) as well as a compilation of private foreign direct 

investments by country of origin in the frontline region within the same period7,8. 

 

 

 

 

 

                                                      
7 The compilation of the oil and gas companies were verified by looking up the company names with (online) newspaper 
publications, website publications, key expert interview information on their existing investments in Ghana and/or company 
website statements on their activities in Ghana. Companies that couldn’t be verified within any such threshold were not 
included.    
8 Author’s data (2018). Consult w.otcheredarko@campus.unimib.it for details. 
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3. Results and Discussion 

Part D: Finance and resource extraction in the frontline region 

The Western region of Ghana is arguably the country’s ‘resource basket’ and contains more biodiversity than any region in 

the country (CRC, 2010). Already engaged in the extraction of diamond and gold as well as plantation farming of timber, 

rubber, coconut, oil palm and cocoa, the discovery of oil and gas offshore has become a new layer of resource-extraction to 

the region’s already existing metals-cash crop-biofuels complex.  

Ghana’s oil discovery and production was a story of a relatively small independent UK oil production company (Tullow oil) 

making a big find together with other state and transnational companies (Obeng-Odoom, 2014). Tullow would go on to be 

the biggest independent oil producer in Africa (Reuters, 2017). Major international companies would be drawn in for this 

new venture in Ghana, especially in the frontline region. Between 2007 and 2014, about 41 international companies applied 

for prospecting licenses for oil exploration in Ghana both off- and on-shore (Obeng-Odoom, 2014: 52). For the onshore 

frontline region, giant oil service companies, including US’ Schlumberger and Baker Hughes immediately set up shop there.9  

In 2009, the Government of Ghana signed a deal with China’s Development Bank and Exim Bank worth $3 billion-dollars, 

part of which was used for the construction of an onshore gas processing plant in the town of Atuabo in the frontline region 

(China Aid Data, 2018b). The construction of the gas facility was sole-sourced (as the condition of the tied aid) whereby 

SINOPEC Petroleum and chemical corporation – another Chinese company – would undertake the construction (China Aid 

data, 2018). Other complementary projects such as roads were constructed in towns near the gas facility. The loan 

agreement was oil-backed; meaning that Ghana had an off-taker agreement with China to sell the oil to them (and its 

company UNIPEC) as part of the terms of repayment. 13,000 barrels of barrels of the Jubilee field crude oil would thus be 

lifted to China daily until 2027 (ACEP A, 2013: 26). Referred to as “the Angolan model”,10 this was where Chinese “financing 

arrangements (often backed by China Exim Bank) links a commodity off-take contract with the delivery of certain 

infrastructure projects” (Taylor, 2014: 350).  

 

Figure 1. Atuabo Gas Processing plant in frontline region  

Source: Author (December 2017) 

 

                                                      
9 The research identified over 160 international companies related to the oil production process in the frontline region and 
offshore (Author’s data, 2018).  
10 Based on a precedent agreement involving China and Angola’s oil industry. 
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Eventually, Ghana would’ve been required to pay a projected $6.4 billion dollars to service the debt or provide 750 million 

barrels of crude oil to China (China Aid Data B, 2018). However, in 2014, the loan agreement was cancelled, with $1 billion 

out of the $3 billion disbursed to Ghana; the new Ghanaian government is currently trying to access the remaining $2 billion 

(Daily Guide, 2016; Ghanaian times, 2016; CitiFMonline, 2017).   This deal was not far-fetched since China is the second 

biggest oil importer globally (Taylor, 2013: 295) and such investments are evidences of investments seeking to “integrate 

new technologies in order to capitalize on broader sectoral and extra- sectoral needs” (Le Billon & Sommerville, 2016: 24) of 

natural gas demand in countries like Ghana.  

Nonetheless this development is very pertinent in the analysis of the frontier region because it drew a few lines. The 

spectacular nature of the loan agreement, especially its political and media buzz in a country discovering crude oil and natural 

gas for the first time caught a lot of attention (Graphic Online 2013, 2013b, 2013c, 2013d, 2014, 2014b; Daily Guide, 2016b, 

2016c)11 On the other hand (Table 1), about 18 technical assistance aid packages were sourced to the frontline region from 

USA within 2007-2015 in the oil and gas sector (USAID, 2018). These technical assistance projects involved feasibility and 

desk studies for a Masterplan for the Takoradi port and regasification units, training, as well as trade and business consulting 

projects. These projects were often subcontracted to private companies entailing engineers, business consultants, marketing 

and communication companies as well as economic analytics and international collaboration agencies (USAID, 2018).  

The comparison of these forms of aid shows complementarity between infrastructure-project funded aid by China and 

programme-based aid by USA. But this is a superficial point, largely because aid from the USA into oil and gas activities in 

the frontline regions is somewhat a reflection of its near-dominance in FDI in the chain itself. Figure 2 shows the international 

companies involved in various aspects of the oil production chain in the frontline region and in Ghana’s offshore waters. It 

shows the various aspects of the production chain, from the upstream to mid and downstream activities (Bridge, 2008: 

399).12 It shows that USA has the second highest number of firms engaged in the petrochemical production chain in the 

frontline region with oil and gas service companies being the majority. Conversely, a handful of companies from China are 

involved in the chain, especially in construction (logistics and service aspects). 

The UK is the most dominant international player in the oil production chain, partly a result of its existing colonial-commercial 

ties to Ghana. More crucially, the status of Tullow Oil company, a UK company, as the ‘discoverer’ provides some explanation 

for the dominance of such companies.  

Another explanatory variable for figure 2 is the type of foreign direct investment strategies espoused by the US and China. 

There is a primacy of state-run, state-led foreign investment initiatives by the Chinese government as against a multiplicity 

of private corporate-led investments by the USA (Author’s data, 2018). Indeed Rupp (2013) asserts that “China’s engagement 

with Ghana has been via the use of state institutions unlike other Euro-American states that work more indirectly to support 

private companies from their countries”  Once again, this reflects the types of Petro-chemical directed aid from the two 

countries; with project-directed aid from China (tied to its companies such as SINOPEC) as against programme-led and 

sometimes countrywide aid, which possibly serves as a fertile ground for US corporate ventures into the industry.    

                                                      
11 Publications sampled from the top two newspapers in Ghana as at January 2018, using a Geopoll ranking of newspapers 
(cited by Graphic Online, 2018). 
12 The data in Figure 2 is based on companies with Corporate headquarter information (including those with majority shares 
with local Ghanaian companies in Joint ventures) in the frontline communities and offshore. It taxonomizes the presence of 
these companies and does not spell out the investment amounts pumped into their offshore prospecting activities and/or 
Petro-chemical activities. For the sake of clarity, countries with only one company were grouped under the moniker “others”.    
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Table 1. Chinese and US Petro-chemical aid disbursements to Frontline region. 

Year 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

CHINA   Tied Aid ($1bn CDB 
loan)  

        

USA Technical 
Assistance 
(Takoradi 
port) 

Technical 
Assistance 
(Takoradi 
port) 

Technical Assistance 
(Orientation) 

Technical 
Assistance 
(oil-gas 
trade) 

Technical 
Assistance (oil-
gas trade) 

 Technical 
Assistance (LNG 
storage and 
regasification) 

Technical 
Assistance (LNG 
storage and 
regasification) 

Technical 
Assistance (Gas 
power 
transmission) 

  

  2 Technical Assistance 
projects 
(Ghana/Cameroon) 

Technical 
Assistance 
(Ghana/ 
Cameroon) 

Technical 
Assistance (LNG 
storage and 
regasification) 

 Technical 
Assistance (Gas 
power 
transmission) 

    

  4 Technical Assistance 
projects (Takoradi port) 

Technical 
Assistance 
(Takoradi 
port) 

       

Source: China Aid Data, (2018); USAID (2018)13 

China’s project-led $1 billion aid to Ghana created its entry point into the oil and gas sector for its state-directed firm (SINOPEC), resulted in demand for exports ala tied aid and guaranteed 

access to the final crude oil. US’ programme-led aid on the other hand, by focusing on technical assistance aid to Ghana in areas like power generation, resulted in US firms like General Electric 

and Chevron eventually investing in gas pipeline transmission and power generation activities.   

In this sense, the complementarity of ODA (aid) directed to Ghana’s oil and gas sector between these two countries takes on a more competitive form when analysed in its broader “gateway 

effects” or attachment with FDI. The resource rents (Kaplinsky, 1998) of the upstream sector - i.e. ‘striking oil’ and extracting it - was captured by Tullow oil, together with American companies 

like Kosmos Energy and Ghana-US companies like Anadarko company (the latter two own a 48% stake). This trend is likely to continue since US oil prospecting companies are also very active in 

the Gulf of Guinea looking for the next big oil find. On the other hand, since technology can be a barrier or access to entry in such production domains (Bougrine, 2006: 44; Ribot & Peluso, 

2003), China capitalized on a combination of financial and technological rents (and their ability to deploy them via aid) to enter into the downstream end of the chain, focusing on construction 

of oil and gas facilities and power generation, yet at a significantly lower scale than the US. 

 

                                                      
13 Data Refined by Author (2018). Consult author for details. 
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Figure 2. International companies in the frontline region’s oil & gas production chain (by country of origin) December 2017 

Source: Based on data from online and offline databases, data on approved development permits, key expert interviews 

and field observations14 

 

Using aid as a pathway to FDI in Ghana’s oil and gas sector is not only the preserve of Chinese and US agencies and firms. 

Field interviews show that in 2009 KOICA (South Korean International cooperation Agency) together with other Korean 

technocrats and financiers15 gave a grant of $2.5 million for drafting development frameworks in the frontline region, in the 

hope that they would be the first-movers in high-end real estate investments in the region for its burgeoning oil-labour class.  

The hope did not materialize because investments deemed the oil output - 150,000 barrels per day – to be small (Interview, 

Spatial Planner, February 2018). It is important to note that in this case, actors from the frontline region applied for the grant, 

thus emphasizing forms of local strategies in using the international appeal of the oil find to access foreign aid.   

Funds were also sought by these local actors from the Norwegian Agency for Development Cooperation (NORAD) through 

its ‘Oil for development’ programme; these funds were aimed at drafting the region’s spatial development plan and 

organizing other oil-related community engagement activities (Interview, Spatial Planners, Jan-Feb 2018). A few Norwegian 

firms are also active in the oil production chain (figure 2) and NORAD spent 67% of its 2016 bilateral Ghana aid on a 

combination of mining and environmental protection programmes (NORAD, 2018)16.  This contradiction between 

international development aid and the mercantilist strings attached is aptly summarized by Le Billon & Sommerville (2016: 

21) who criticize for instance how NORAD’s ‘Oil for development programme’ gains legitimacy by focusing on development 

ends like poverty-reduction through aid without questioning the discourses of trickle-down wealth and deregulation that are 

dispensed by both local and international actors as means to those ends. These initiatives thus facilitate the landing of FDI, 

even if attempts at ‘soft landing’ through organizational reform and capacity building are made (p. 21). It therefore results 

in an inherent contradiction between a neoliberal approach to poverty reduction, especially in countries that through 

structural adjustment programmes have little room for further deregulation (Best, 2013). 

                                                      
14 Based on Author’s data (2018). Consult for details. 
15 Financiers such as Dongho company, now called Dongho Korean Saudi Limited company. 
16 Based on available data on the website: https://www.norad.no/en/front/countries/africa/ghana/     
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For the case study region, the combined effect of these periods of resource extraction have taken their toll. Case studies 

reveal instances of cyanide pollution and contamination of water bodies (e.g. River Pra) due to illegal mining and sand 

winning activities (Agbesinyale et al. 2008, 29). Additionally, from 2009 to 2014, twenty-four Cetacean whales died and 

washed ashore off the coast of Ghana (EPA, 2014), a controversy that has raised tensions between oil companies, frontier 

communities and scientific experts. These examples reflect “the activation of negative value” (Moore, 2015) into the region 

due to the cumulative effects of toxification connected to the different historical layers of extraction. In the former incident,  

the state responded by banning illegal artisanal mining, also believed to involve a lot of Chinese nationals (Burrows & Bird, 

2017) while in the latter incident involving the whales, expert reports made no connections to the Petro-chemical industry 

(EPA, 2014). Scepticism still lurks regarding the limited toolkit the state uses for environmental regulation, a weakness 

connected to the earlier rounds of policy deregulation. This is therefore creating spaces for contradictory aid dispensation 

towards resource exploitation and (often voluntary) environmental management. It is therefore important to re-assess the 

mechanisms through which new actors of development finance enter Ghana’s resource extraction sector. This is especially 

pertinent since countries in the global semi-periphery such as China have been the biggest  global energy consumers since 

1975 (Lawrence, 2009: 344-346).  

4. Conclusion 

This research focused on (i) aid complementary and competitiveness in new resource-frontiers (ii) the compatibility of such 

aid conditionalities and (iii) the re-adjustment of institutional structures as a response to newer forms of aid.  

On research focus (i) & (ii), a major finding of the research is that an analysis of aid complementarity, competitiveness and 

compatibility towards resource-frontiers is insufficient unless linked to broad institutional and investment channels it creates 

as a “gateway effect”. The nature of such channels (whether favourable or unfavourable to one party or the other) provides 

a deeper analysis of aid in resource-frontiers. Existing research (c.f. Brautigam, 2009: 173-176) argues that researchers 

conflate the differences between China’s export credit and concessional loan components as forms of aid (because 

oftentimes these two finance sources are put together as “package financing” deals by China in their aid negotiations). It 

must be stressed that this is exactly the point of concern; the blurry nature of the extent to which concessional loans given 

by China (and indeed other donor-countries cited in this paper) are tied with its FDI in a form of package financing, raises 

issues of the potential predatory nature of such dealings.  

Additionally, China’s aid to Ghana was unified, direct and tied to a favourable export position for China and its FDI, while 

Ghana gained critical infrastructure but an unfavourable future debt position. US technical assistance aid to Ghana’s oil 

industry however, was more splintered and reflects US’ diverse FDI footprint in the oil production chain (Figure 2). It is equally 

hard to envisage a favourable position for Ghana in this bilateral relationship with US in the context of oil and gas. This is an 

empirical question worthy of further research in terms of the extent of technology transfer and the diffusion of less codified 

forms of knowledge in stimulating local upgrading through such technical assistance programmes.  

Furthermore, aid withdrawal and leveraging are possible ramifications against resource-frontier countries in case of 

opposition to such existing channels; a carrot can become a stick very quickly.   

Moreover, local agency also plays a role in this link between aid and FDI. Local elites in the frontline region, realizing the 

appeal of the oil resource in attracting aid and FDI, actively court such forms of donor and investor presence, sometimes 

underestimating the terms of such agreements. These processes (both on the inter and transnational front to the local) 

therefore lays bare the tensions between donor activities and the landing of hot international capital. 

A notable aspect of Ghana’s 1983 SAPs (in terms of resource development) was the privatization of State-Owned enterprises 

following the orthodoxy that government bureaucratic would be thinned out resulting in efficient markets and encouraging 

mineral extraction for export. On research question (iii), this paper argues that a newer form of this “re-adjustment” exists 
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in the new oil frontier whereby; first, loans are granted on conditions of access to resources Secondly, a multitude of 

transnational firms are granted the licenses to roam the lengths (both on and offshore) of Ghana, looking for the next big 

“el-dorado”17. These licensing agreements are based on pre-agreed fiscal concession systems in case oil is struck, a significant 

feature of Ghana’s oil industry.  Lastly, this re-adjustment period is also characterized by a panoply of aid sources for 

recipients to “choose” from. China (and to a lesser extent other Asian countries) have been able to break through the cartel 

of economic rent of the global northern members that operated in Ghana and other African countries, by making aid and 

investment a proper diversified market place, with risks and rewards and multiple players.  

Much of the literature of Chinese aid in Africa, talk about their emphasis on respecting state sovereignty, non-

interference/non-conditionality irrespective of the country’s form of governance and human rights records. This assertion 

implies that unlike the benign global north willing to put forward conditions to enhance human rights, China does not tow 

such a line. This is an assertion which needs to be criticised; the global north gleefully propped up "brutal states" during the 

cold-war era when strategic-military pawning of states superseded any governance conditionalities. Somalia, Liberia and the 

then Zaire in the 1980s are prime examples.  Framing of discourses of “good governance” as a conditionality for aid is 

arguably a strategy of convenience in the current post-cold-war times, capable of being tossed away again if another such 

global power-struggle ensues. In fact, one could argue that a competition for resources baited by aid has intensified on the 

African continent showing signs of global north and south willing to play dirty if need be. For instance, the much-criticized 

secretive Chinese oil backed loans in Africa have also being practiced (albeit unsuccessfully) by global north banks such as 

US Exim bank, the French bank Société Générale, Barclays and Royal Bank of Scotland in Angola in the early 2000s (Bräutigam, 

2009: 276). It is therefore pertinent to consider this phase of re-adjustment as one characterised by the competitive 

disbursement of aid (especially when resources are involved). 

Additionally, it must be emphasized that the Chinese foreign aid trademark of non-interference in Africa is not only strategic 

but pragmatic because the hard task of dismantling barriers to markets have been undertaken by global northern institutions 

via earlier rounds of SAPs. By creating a mixture of dirigisme and openness; a form of state-capitalism is unleashed by global 

southern giants like China without the imperialist and colonial baggage; “[China is] only able to do so under the broader 

umbrella of a liberal trading regime” (Taylor, 2014: 351-352). Non-interference was a form of economic rent based on 

goodwill ripe enough to be captured at the right time by China. 

Lastly, the inherent contradictions between foreign aid simultaneously directed towards mineral extraction, poverty-

reduction and environmental protection exposes the receding and incapacitated role of the state to tackle (especially) the 

cumulative environmental effects initiated by historically applied resource-deregulation policies. In effect, such spaces are 

left to the self-regulation of civil society and aid donors themselves. The implications of such contradictions and government 

weaknesses will only intensify with the panoply of demonopolized sources. 

 

 

 

 

 

                                                      
17   As compared to the 1880s to 1990s where few exploration activities were being undertaken in Ghana (Panford, 2016: 91-
92) 
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Abstract 

Volumes of text have been written about the necessity of cross-cultural communication in global organizations, particularly in 

business.  Additionally, communication has been reported to be an important core mechanism of support strategy processes 

for sustainable development and the cooperation of stakeholders depends on it.  Sustainable development project creation and 

implementation is highly impacted by cultural and communication differences. Members of international commissions must 

be able to communicate with each other in creation and implementation of important sustainable development projects.  The 

purpose of this study is to examine the state of cross-cultural communication involving two significant players in the arena of 

sustainable development: the African Union and the European Union.  The African Union was created on May 26, 2001and 

consists of all 55 countries on the African continent. Its main objectives include peace, stability, sustainable development, 

human rights and economic integration for member states.  The European Union was established in 1993 with the Maastricht 

Treaty and is an economic and political body made up of 28 member states located in Europe. It features an internal single  

market, promotes free movement between states, promotes human rights, education, social cohesion, common environmental 

regulations and encourages sustainable development just as the African Union attempts to do. 

Cultural differences between the African Union (AU) and European Union (EU) are discussed.  Communication styles 

represented in the EU seemed to be more apt to promote misunderstandings and breakdowns in the communication process.  

Cross-cultural training to develop strategic communication beneficial to facilitating relationship formation, teamwork and 

coherence in project implementation is highly recommended. More research is necessary in methods for creating cultural 

synergy, solving problems in mindful ways and adjusting styles to fit the other team members. 

 

 

Keywords: cross-cultural communication, African Union, European Union, sustainable development, multicultural team 

1. Introduction  

“Sustainable development is the pathway to the future we want for all. It offers a framework to generate economic growth, 

achieve social justice, exercise environmental stewardship and strengthen governance” (Ban Ki Moon, UN 2015). 

These important words define the current drive towards sustainable development.  The purpose of this work is to consider the 

challenges involved in the processes of project development that are inherent in the international context.  Cross-cultural 

communication is at the backbone of all multicultural groups in the international arena.  Incredibly diverse individuals, groups 

and countries find themselves in sustainable development committees, facing the challenges of communicating to get a job 

done.  Cross-cultural communication studies can be found in many profession applications, such as business and education, 

but the area of sustainable development project team communication is considerably lacking in this area.  Exploring the 

literature reveals that there is a massive quantity of research on the subject of cross-cultural communication, intercultural 

communication, cross-cultural studies, transcultural communication, both theoretical and specifically applied to different 

countries as well as professions.  Regular cooperative development projects and teams have been studied, but there is very 

little written about sustainable project development team communication.  

In recent times it has become obvious that the need for sustainable development is imperative for the survival of humanity.  

As seen in the above quote of Ban Ki Moon, sustainable development will define the future we all want.  The success of 

sustainable development projects depends on many factors, but one of the most important one is the ability to work effectively 

on multi-cultural teams.  

Obviously, in order to work well on a team all team members need to be able to communicate with each other. The OECD and 

UNDP have studied the need for strategic communication in sustainable development.  The OECD has defined the strategies 

for sustainable development as “a coordinated set of participatory and continuously improving processes of analysis, debate, 
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capacity strengthening, planning and investment, which integrates the economic, social and environmental objectives of 

society, seeing trade-offs where this is not possible” (OECD, 2002).  This quote demonstrates that communication is at the 

base of sustainable development.  Terms such as “participatory”, “processes of analysis”, “debate”, “planning” are all based 

on the ability of team members to communicate with each other and function effectively. Working effectively on a 

multicultural team can be challenging as well as frightening, but in general the payoff is high. According to various 

management reviews, multicultural teams are more effective, productive and creative (Hunt, Leyden and Prince, 2015). They 

also have more “cognitive flexibility” (Markman, 2015) which makes them better problem solvers.    

Multicultural teams are obviously affected by cultural values and cultural communication styles.  Many studies have been 

published on multicultural team building, effective team building, team communication, etc.  The general consensus is that 

culture plays a significant part in the ability of a multicultural team to function. 

The main research question is based on how culture affects success or failure in sustainable development projects between the 

African Union and the European meaning.  Cultural challenges are manageable if managers and team members choose the 

right strategy and avoid imposing single-culture-based approaches on multicultural situations according to Brett, Behfar, Kern, 

(2006).  These researchers identified four cultural differences that can create team conflicts.  They cited direct vs. indirect 

communication; trouble with accents and fluency; differing attitudes toward hierarchy; decision-making norms in conflict.   

Another study conducted by the East-West Center in Honolulu (1980) examined factors that influence International 

Cooperative Research and Development projects (ICRD).  What they came up with can be applied to any sort of international 

cooperative group, especially in the sustainable development area.  Important areas included project planning and organization; 

decision-making procedures; official language to be used; affiliation of members with outside groups; various types of 

communication, from face-to face to impersonal, to mention a few. 

 

1.1 Factors that affect multicultural teams 

Another researcher suggested that cross-cultural factors impact project stakeholder management and there is a lack of 

corresponding research on those factors (Luckmann, 2015).  He cited the lack of cross-cultural knowledge sharing, cross-

cultural intelligence, trust among stakeholders as being significant impact factors for a project.  Additionally, the fact that 

Western project management approach is mostly incompatible with approaches in other parts of the world has an effect on the 

success of international projects.     

According to the German Rioplus Organization for Environmental Policy and Promotion of Strategies for Sustainable 

Development, strategic communication is a “prerequisite and an instrument of effective policy making and public participation: 

from formulating a vision, negotiating and decision-making, developing and implementing plans to monitoring impacts”.  They 

point out that communication provides exchange of information, builds consensus, encourages the creation of programs, 

implementation and action.  They believe that it is necessary to encourage “delicate cooperation between government, civil 

society groups and the private sector.” They add that this is the reason that the OECD and UNDP consider awareness raising 

and communication as essential part of the support strategy processes for sustainable development.  They conclude that 

cooperation and collaboration among stakeholders are essential for the success of any sustainable development project.    

In summary, sustainable development depends on multicultural groups, whether they be small projects in the private sector, 

or enormous endeavours such as the construction of the Nairobi-Mombasi Railway (China and Kenya) or African Union-

European Union long-term projects.  And functional multicultural teams depend on effective cross-cultural communication to 

be successful.   

This reason this study has focused on the cross-cultural communication processes between the African Union and the European 

Union for this reason.  The following section discusses the African Union and the difficulty of identifying a uniform culture. 
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1.2 The African Union    

There are 54 countries on the African continent (UN, 2018) with a population of approximately 1.278 billion (UN estimate 

2018).  There is an estimated number of 3000 ethnic groups and more than 2000 languages.  It is impossible and also incorrect 

to make cultural generalizations about the African continent. The African continent has been divided up by the African Union 

into several regional-political areas: north, south, east, west, central and the Diaspora (African Union, 1999).  This study adopts 

the African Union division of Africa (African Union, 2018).    

 

1.3 African Culture 

 The word “African culture” is a misnomer because geographical Africa and Diasporian Africa contain numerous cultures and 

subcultures. The first point to be aware of is that Africa has been undergoing dramatic changes in the past few years due to 

development, immigration and various ongoing conflicts.  Trying to analyse all of the cultures present is a daunting project at 

best, if not impossible.   

 

1.4 Cultural and Linguistic History of Africa  

No discussion of African communication processes can be conducted without touching on the cultural and linguistic aspects 

of African history, especially the impact of colonialism.  Linguistic and cultural groupings have been affected not just by the 

indigenous populations that were present before the age of colonialism but also by what followed.  Apart from indigenous 

languages, the impact of the Anglophone, Francophone and Lusophone influences on communication styles in Africa are 

significant.  Also the slave trade, both within Africa and trans-Atlantic exerted a strong impact, coupled with continuing ethnic 

conflicts.  Various scholars (Ali Mazrui, 1986; Mutua-Kombo, 2008; Karl Peltzer, 2006) point out that it is important to 

consider colonialism and other historical events in order to comprehend the African communication styles.  Mazrui suggests 

that there are three main cultural influences in Africa: traditional indigenous culture, Islamic culture, and Western influence.  

Mutua-Kombo states that there is a conflict between the core values and beliefs of contemporary and traditional Africa and 

the historical influences forced by contacts with Europeans.  Peltzer (1995) proposes three separate “groups” of Africa.  The 

first group is traditional who have had little contact or influence with modernization.  The second group seems to continue 

within modern and traditional cultures (i.e. working in the city during the week and returning to the extended tribal village on 

the weekends).   The third group is modern and lives in a modern context and participate completely in the contemporary 

world (Peltzer, 1995, pp. 25).  One can only assume that these three groups have changed in number since this research was 

carried out, with a growing number of transitional and modern group members and a diminishing number of traditional group 

members.  Nwosu points out that Africans are able to manage the transitions and end up being able to communicate and interact 

within the three groups (Nwosu, 2008, pp. 176).   The effort to grasp what African Culture actually is goes back to cultural 

identity.  Many sociologists and philosophers have attempted to identify cultural patterns running through all modern African 

countries.   

 

1.5 African cultural themes 

There has been much discussion about African identity and what constitutes “traditional African culture”.  The next section 

summarizes various possibilities for understanding the cultural values that underlie African communication. 

According to Lassiter (1999) there are shared cultural values in sub-Saharan Africa which still exist long after the advent of 

European contact.  He says that traditional African culture consists of “generally widespread sub-Saharan core values, beliefs, 
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cultural themes and behaviours as they existed prior to European contact”.  He believes that they can still be found more in 

rural areas and less in urban areas. These shared cultural values are influential because “many, if not most, fundamental thought 

processes and behaviours of contemporary sub-Saharan Africans are based and continue to be derived from” these cultural 

values.    

There has been ongoing discussion on what African culture actually is, whether it can be defined and classified as “African 

culture” or whether it needs to be divided or sectioned by ethnicity, colonial linguistic roots, nationality, religion, degree of 

development, and so forth.  The general consensus of the literature is that it is not advisable to generalize about African culture, 

but there are threads of commonality that can be studied and applied to achieve a better understanding of African 

communication.  This consensus puts forth the idea of a common African culture known as “pan-African”. Core African 

cultural values and patterns of cultural behaviour fall into this category.  Lassiter (2000) stated that the motivation for 

identifying a common pan-African culture is based on the need to achieve “viable and sustainable African national and 

community development”.   

Another observation is that Africa is rapidly developing and modernizing, and therefore there may be more Western 

acculturation taking place. Also the fact that the African Union includes the millions of Africans that are part of the African 

Diaspora as AU members indicates the possibility of ongoing cultural exchange, interchange and change.  Makgoba presented 

his ideas on the common cultural values of the African peoples (1997).  He offered the thought that the people of the African 

Diaspora maintain what is generally considered to be the Pan-African cultural identity, which by default defines core African 

values.  He says that the shared values “include hospitality, friendliness, the consensus and common framework-seeking 

principle (Ubuntu), and the emphasis on community rather than on the individual.” The community takes priority over the 

individual; long-term friendship and hospitality are important; the goal of finding consensus and a common frame work 

(Ubuntu) are three areas that he believes define African culture (Makgoba, 1997, pp 197-198). He says that African Diaspora 

peoples of African descent “are linked by shared values that are fundamental features of African identity and culture.”  He 

states that these values are present in “variations of African culture and identity…the existence of African identity is not in 

doubt” (1997 p 1997-198).   

According to Obeng-Quaido from Ghana there are four important cultural thematic areas (1986).  These cultural orientations 

involve work, the place and importance of the individual in society, the concept of time, and the human being’s relationship 

with the spiritual world.  He offers the following analysis. 

Work orientation: Work is considered in terms of the benefits to the community.  Africans are expected to provide for their 

extended family members who are less fortunate than they are.  

Individual’s place in society: The collectivist orientation is exemplified by the African proverb “I am because we are” 

demonstrates a strong focus on the group.   

Concept of time: Time is not measured by schedules but by connections.  Africans do not believe in being dependent on 

schedules.  Time should be dedicated to relationships. 

Relationship to the spiritual world: Obeng-Quaido refers to a comment made by Mbiti, a philosopher, who said that Africans 

are extremely religious but it is difficult to distinguish between the spiritual and secular world.  

 

1.6 Communalism 

Nwosu (2009) presented a thorough analysis of the African culture in terms of intercultural competence.  He formulated a very 

useful table which furnished the cultural elements for comparison in this study.  The dimensions that he suggested include 

self-orientation, relational orientation, time orientation, activity orientation and discourse orientation.  First of all, self-

orientation explains the formation of identity and what impacts identity.  Communalism seems to be the strongest influence in 
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the African self- identity. Nwosu says that there is a symbiotic relationship between the individual and group.  Hierarchy, 

formality and distinct gender roles define how people interact with each other.  He quotes Mbiti (1969) who wrote “whatever 

happens to the individual happens to the whole group, and whatever happens to the whole group happens to the indicìvidual” 

(p. 109) and “I am, because we are; and since we are, therefore, I am” (Mbiti, 1969, p 109).  This value can be seen in various 

African languages, including in the Xhosa language (a person is a person through persons) and Ibgo (“a person who is not 

with his or her extended family must bury himself”).  Therefore, the African personal identity is defined by taking part in a 

community and making personal decisions with the needs of the larger community in mind.   The idea of communalism is 

very evident in traditional Africa and takes on the status of a religion in the same way that individualism in the West is elevated 

to a high, almost religious status (Taylor and Nwosu, 2001).  The extent to which African culture is a communal culture is its 

focus on the “authenticity of community-presentation image” (Moemeka, 1996, p 198) which means that communication 

practices are influenced by how different behaviours have an impact on the community image and not the way a behaviour 

could impact an individual.  This fact, although seemingly insignificant, has a strong influence in procedures, communication 

and project implementation.   To sum up, communalism is the” soul and fibre of work, activity and social life in Africa” (Awa, 

1988, p 136). 

 

1.7 Social relations 

Another area flowing from this orientation is that of social relations.  According to Nwosu, relationships are built on a 

hierarchical lineal superstructure where people are not equal because of different reasons, including age, status and wealth.  

Friendship is considered to be a sort of obligation which includes various responsibilities and rights.  The existence of the 

hierarchical superstructure can be seen by examining the language used to address various persons, the titles, and organized 

interactions.  Blake (1993, pp. 8) stated that various linguistic structures can be observed which indicate the existence of rules 

guiding discourse.  Deliberative, forensic and epideictic genres can be noted that are based on the respect for older people, the 

affirmation of hierarchical structural supremacy, certain rituals performed out of respect for the ancestors, the use of rituals in 

an array of life situations; relationships between siblings. Salutations, use of titles, names, etc. are strongly dominated by 

hierarchical values. 

 

1.8 Time 

Cultural perspectives on time have been an extensive topic of cross-cultural communication studies.  How cultures manage 

and respond to time exerts a heavy impact on behaviours and human relations. The study of time and how it is viewed was 

started by Edward Hall (1959).  He defined the use of time as polychronic (doing many things at once) or monochronic (doing 

one thing in at a time).  Cultures will tend to focus more on the past, present or future and have a certain preferential focus.  

The dominant view of time will be felt in all areas of communication within a culture. The structure, content and urgency of 

communication are formed by the dominant cultural view of time in a particular culture (Burgoon, Stern and Dillman, 1995).  

African cultures tend to focus on the past.  They see time as cyclical, with a strong focus on tradition and history.  They are 

also polychronic in their orientation towards the use of time.  This results in a tendency towards more flexibility.  Nwosu says 

that the African idea of time is based on “how we communicate and how we connect with each other” (p.171).  Being in a 

hurry can be seen as disrespectful, and this accounts for the (seemingly) time consuming rituals of greetings.  Scheduling and 

obligations can be seen as a direct conflict to the formation of social ties.  This is another challenge on multicultural teams. 

 

1.9 Activity 
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Human activity, specifically work, is viewed differently by different cultures (Kuckholn and Strodbeck, 1961).  A ‘being’ 

culture is one that considers that all human action is determined by destiny or fate.  People define themselves by their 

relationships and connections, not by their jobs.  A ‘doing’ culture is the opposite.  People define and value themselves by 

their achievements, their function, their job.  The typical expression “live to work or work to live” summarizes it.  People in a 

‘being’ culture work to live (Africa, South America, many parts of Asia, Middle East) whereas people in a ‘doing’ culture live 

to work (U.S.A, Germany, other countries in Northern Europe and other countries with Anglo-Saxon cultural roots). “Doing” 

cultures measure activity in terms of goals, purposes and success with tangible results.  According to Nwosu, the African 

concept of work is not as clear-cut as that of the ‘doing’ culture: the difference between work and play, the role of employees, 

and interpersonal bonding in the workplace are different.  For the African worker, the job site can be considered a sort of 

home, where one develops strong relationships.  The cultural value of communality is highly expressed on the job, because 

the worker is expected to take part in the lives of his co-workers.  A worker who does not actively participate in the lives of 

co-workers according to cultural expectations can be considered a threat to the social balance of the communal order.  On the 

other hand, “doing” cultures do not expect the same intensity of involvement and supervisors and workers are expected to 

focus on the job to be done, not the relationship to be made.   This is another area where problems can arise in multicultural 

teams. 

 

1.10 Verbal and non-verbal communication 

Nwosu (2005b) states that the African communication style is primarily indirect and nonlinear.  It tends to use a narrative style 

where the story begins somewhere, breaks off and goes to another related subject and later returns to the main narrative.    A 

related area is that of the call-response, where the speaker calls on the audience to respond and express their support.  This 

aspect supports the communal approach to life.  Call-response communication promotes “harmony, unity, unison, agreement 

and an assurance that we all together in our thinking” (Nwosu 2008, p 174).  

 

1.11 Discourse orientation 

Discourse orientation or who has the responsibility for the communication, listener or speaker, can be very important in the 

communication process.  These two types of discourse orientation are referred to as listener-responsible style and speaker-

responsible style (Hinds 1987). In the African communication style, the listener is responsible for the communication.  It is 

the responsibility of the listener to understand what the speaker is saying.  The resulting reliance of nonverbal symbols is due 

to the fact that often messages are indirect. How the listener reacts is very specifically linked to the need to avoid losing face 

and minimizing conflicts.   

A speaker-responsible culture (U.S. and other related cultures) will tend to come off as offensive in a listener-responsible 

culture. “Telling it like it is” which appears frequently in American speech would not be appreciated in the African culture.   

Certainly, it is important for members of cultures involved in the communication process to be aware of the others’ discourse 

orientation.  However, it is important to point out that in some areas of Africa, direct speaker-responsible communication is 

more favoured and it is necessary to be aware of which discourse style is most utilized.  

A speaker-responsible culture and a listener-responsible culture are on opposite ends of the spectrum.  The member of a 

speaker-responsible culture will not be able to read innuendos, interpret body language and signals, and may interpret 

indirectness not as a way to be polite but as a way to be evasive, if not blatantly dishonest.  The speaker-responsible cultural 

member needs to be told everything directly and is not able to intuit meanings, or at least the meaning intended by the other 

speaker.  Listener-responsible cultural members can feel frustrated because they feel that they are not being listened to, and 

therefore not respected.  
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Another discourse area is whether a culture favours indirect or direct communication.   Some of the most significant cross-

cultural communication challenges in multicultural teams can be seen in this area of indirect-direct communication.  The use 

of an indirect or direct communication style can result in great misunderstandings and general lack of esteem on the part of 

both parties. In a given communication context, there is a large space for miscommunication.  The team member from the 

culture that uses the indirect communication style potentially will see the direct communicator as rude, offensive, and 

disrespectful.  The tendency could be to stop listening.  On the other hand, the team member from the direct communication 

style culture can feel that their counterparts are not listening, not interested, and even lying because they are “not being honest”. 

 

2. Methods 

The method included a thorough search of pan-African cultural values, cross-cultural differences between the African Union 

and various EU member countries.  The idea for the research was taken from the 5th African Union-European Union Summit 

which was located in Abidjan, Ivory Coast on November 29-30, 2017.  There were 55 leaders from the African Union and 28 

European Union Member States represented.  One of the most important outcomes was the issuance of a joint statement on 

the situation of migrants in Libyan refugee centres, and alleged slave trade of migrants.  A committee was formed to search 

for solutions.  The following analysis was based on the members’ ending speeches on the Libya Migrant Crisis on December 

14, 2017.  Unfortunately, it was impossible to access videos of the actual committee meeting, but the final statements were 

available on the internet.  The members of the committee represented several different countries, all of which could be 

considered culturally quite different from any African nations.   

It is obviously dangerous to generalize because people do not always demonstrate the so-called national cultural values of their 

home country.  People tend to become more “international” and often temper what may have been a strong value and dilute it, 

so to speak.  Generalising  is always a risk; because it can lead to stereotyping.  However, the point is that every international 

committee or multicultural team faces cross-cultural challenges.  This particular committee was used to illustrate that point. 

The information about the home cultures of the members of the AU-EU Commission was taken from various sources, including 

Hofstede (2018), various area sources (Moran 2007; Lewis, 2010; CIA Factbook; 2018; Quintessential, 2018). 

 

3. Results and Discussion 

An analytical table (below) was set up to evaluate selected cultural orientations and discourse styles taken from the research 

on pan-African culture.  The countries involved are those represented by the team members: Italy (Mogherini), Sudan (El-

Fadil), Swing (USA), Turk (Austria), and Poland (Tusk).  The transcripts from the concluding speeches from the committee 

furnished the text to be analysed, and can be found in the text boxes below. The first speaker considered is Ms. Federica 

Mogherini, EU High Representative for Foreign Affairs and Security 

)https://www.youtube.com/results?search_query=african+Union+EU+statement+december+2017+mogherini). 

“We decided to establish this Task Force during the EU-AU Summit in Abidjan last 28 November. It is, I believe, a turning 

point in our work to safe and to protect lives of migrants, in particular inside Libya but also along the routes, and dismantling 

the traffickers' networks. (...) Thanks to the IOM, and supported by the European Union, already 16.000 people have been 

able to voluntarily return from Libya to their home countries. We have worked and we commit now to work even more on the 

reintegration projects to help them return not only safely but also in a dignified manner, with a future in their communities of 

origin. It is a work that has started one year ago. It has produced this result, 16.000 people already in one year. And now we 

committed to work towards providing assistance to additional 15.000 migrants under the emergency voluntary humanitarian 

return by February next year. (...) I would also like to announce today that EU makes available additional €100 million to 

support the work of IOM and UNHCR on the ground to allow them to continue the operations...”. 
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Ms. Mogherini focuses on the concepts of protection, saving lives and helping migrants.  She demonstrates a humanitarian 

focus intermingled with achievement.  She calls attention to the fact that it is the work of the committee to save lives, help 

migrants return home safely, etc. She was very clear in her description but focused on generalities.  She also calls attention to 

the achievements of the group demonstrating the Italian cultural value of “bella figura” (Toffle, 2007). 

One can only imagine that after many years in the international arena Ms. Mogherini has taken on a more neutral 

communication style.  But she definitely focuses on actions completed and actions to be done.  

The next speaker is Mrs. Amira El-Fadil, the African Union Commissioner for Social Affairs Amira speech    

https://www.youtube.com/watch?v=GuKgZxet3AY: “(…) I can say that the cooperation and the partnership between us here 

started way before this ..especially with the European Union…. We have a joint plan of action on migration…we were working 

together on creating lasting solutions for migration in Africa….we are accelerating our processes as partners working 

together for a long time…. We are working together, the African Union, the European Union, the United Nations…..We have 

started by having our first meeting in Addis Ababa on 4 December 2017. We agreed on the structure through which we are 

going to work, which is a three level structure. This is the political level of this partnership. The second level is a working 

level which is going to be led from Addis Ababa, the HQs of the African Union, and the third one which is an operational level 

which is going to be led by our liaison office for Libya which is based now in Tunisia. (...) When it comes to the issues of the 

traffickers, tracing these networks and the criminals, and bringing them to justice, we are also using our continental 

cooperation between the two continents. And we are using our own AU institutions that are already engaged on this issue. 

They will work very closely with our counterpart to make sure that these criminals will be brought to justice and be cracked 

down. (...)". 

Mrs. El-Fadil is from Sudan but her orientation seems to be quite pan-African.  She stresses relationship, working together, 

partnership, long term association.  She also wants to show top-notch organization as she explains the structure of the 

partnership.  She mentions ‘continental cooperation’ to convey working together.  Then she also stresses that the AU had 

already been working on ‘these problems’.  The focus on hierarchy comes through in her explanation of the three- level 

structure.  There is no mention of a schedule for implementation, or dates of actions already accomplished.  She mentions the 

date of December 4, 2017 as the beginning of the relationship of the team in this particular aspect a project which has been 

going on for an undetermined time, giving the impression of fluid time.  She is not very clear in her explanations, which may 

be due to problems with the English language, or due to the pan-African cultural tendency for the listener to be responsible for 

the communication, therefore there is no need to explain clearly. Her emphasis on relationships and being together strongly 

indicate the pan-African ‘being’ culture.  Her tone is quite interesting, however.  It almost seems apologetic bordering on 

defensive as if she wants to show that the AU had been doing its job adequately before. The fact that she mentioned the 

structural plan seemed to be a response to the need to appear well-organized and state-of-the-art. 

She seemed to be defending the AU when she said “we are using our own AU institutions that are already engaged in this 

issue”.  Which can be inferred to the ongoing fear on the part of the EU that the AU is not carrying out its objectives fast 

enough. The next speaker is Mr. William Lacy Swing Director General of the International Organization for Migration 

(http://www.youtube.com/watch?v=tAcUjSz_BsE): “We believe, and I have shared with her an operational plan for the 

15.000 (people) that we want to bring home - not just bring home, not just evacuate, but to help them to reintegrate back into 

the society with dignity -, we will reach the figure of 15.000, I would hope according to that plan, in the next couple of weeks. 

There are a few bottlenecks that we are still clearing up but they are fairly minor questions of discussion, dialogue and try to 

get more aircrafts in, and so forth. We are very pleased with that. We have also, thanks to the very generous support of the 

EU and its Member States, been able to set up an important operation in Agadez, in Northern Niger. (...) The second aspect, 

of course, is the one of reintegration that requires some more work. We are working on it. We have to augment what we are 

doing now, and do it as speedily as possible so that people coming back are welcome properly and given a real chance to get 
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life started again. And then thirdly, I guess I would say, perhaps the most important element in the future is to try to get the 

international presence restored in Libya. (...)”. 

Mr. Swing is from the U.S.A. His speech is very direct, informal and focuses on results, indicating an action culture with a 

strong future orientation.  He uses vernacular language (bottleneck) which may tend to exclude non-native speakers.  He 

focuses on the effective use of time by listing activities finished with a timeline.   He also shows the tendency to evaluate 

oneself positively, a typical American characteristic that can prove irritating to cultures that prefer to demonstrate modesty. 

He also demonstrates the “get-the-job-done so typical of Americans. He does use the first- person plural perhaps to convey a 

sense of teamwork.  He also clearly communicates goals and following steps indicating a future focus.  The strong focus on 

work and doing can be seen in the fact that he uses the word ‘work’ twice in sequence.  It is very much like a military report 

that outlines different actions accomplished. 

 The next speaker is Mr. Volker Turk UNHCR Assistant High Commissioner for Protection 

(https://www.youtube.com/watch?v=VbOMJcipnBA&t=44s): “Libya is in an extremely difficult situation as we speak. And 

the solidarity with Libya is first and foremost what has to be in our minds. Libyan people suffer – over a million Libyans were 

in need of humanitarian assistance. There are some 200.000 people internally displaced in Libya. And amongst all of this, you 

also have this very, very complex mixed migratory flow through Libya, from different parts of Africa and from the Middle 

East, trying to reach safety. (...) But we also need the solidarity from Europe when it comes to helping Niger for example. We 

are going to host people. In these circumstances, we need to find a third country resettlement solution for them. So we are 

grateful for what Europe has offered so far. We need to sustain it and we need to make sure that we apply it as flexibly as 

possible because it is an exceptional situation which requires exceptional measures. (...)”. 

Mr. Turk conveys sympathy for all the players in the situation.  He is trying to avoid accusing Libya of human rights violations 

by focusing on solidarity with Libya.  He seems to be extremely cross-culturally savvy which can be seen as he skilfully avoids 

saying anything that could incite conflicts.  He addresses all players in a rather informal and sensitive manner.  As he speaks, 

he seems to be trying to build consensus and elicit participation from all parties involved.  He also indirectly states that it is a 

very significant problem (‘exceptional situation, exceptional measures’).  He seems intent on defusing any sort of conflict that 

could arise. 

The final speaker, who was not in this committee meeting, is the President of the European Union, Donald Tusk, but it is 

necessary to examine what he said. “As you know, the European Union is Africa’s biggest partner and closest neighbour. Its 

biggest investor, its biggest trading partner, its biggest provider of development aid and humanitarian assistance as well as 

its biggest contributor in peace and security. And this summit demonstrated our determination to reinforce our partnership 

even more” (Consilium Europa, 2017) 

Mr. Tusk’s comment seemed to express the EU’s attitude toward the AU.  Although the quote was very general, it could be 

interpreted in two ways.  A listener with a direct communication style from a speaker-responsible culture would interpret it as 

a neutral summary of a relationship.  A listener with an indirect communication style from a listener-responsible culture could 

interpret it as a veiled threat, or a reminder of superiority, or at the least an indication of being patronized. 

Obviously what listeners hear and how they interpret what they hear can constitute two different worlds.   

This table summarizes the differences in cultural orientations and values in the team members of the Libya Migrant Crisis 

Committee on December 14, 2017. 
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4. Conclusions 

Significant differences exist in cultural values and therefore communication.  As the OECD so aptly put it, two-way 

communication is the “lifeblood” of any strategy (OECD 2001).  Without it, sustainable development projects will fail.  This 

research demonstrated the great differences that exist between the EU and AU cultural communication styles and how 

important it is to be aware of communication differences in multicultural or international teams.  Communication breakdowns 

can occur from seemingly innocent differences, ranging from choice of words, tone of voice, cultural assertions and 

assumptions.  Most people are not aware of how cultural values influence behaviour and also communication style.  Cross-

cultural training should be part of the preliminary formation of multicultural teams that will work together on sustainable 

development projects.   It should be ongoing and allow times of reflection between team members to be sure that they 

understand each other.  It should not be  taken for granted that the message of the speaker is interpreted by the listener in the 

way intended.  Team members also need to understand the power of nonverbal communication and learn to interpret it from 

the cultural point of view of the other members.   More research should be done on cultural communication styles applied to 

sustainable development multicultural teams.  The EU should examine its own communication style as an institution, and ask 

itself how ethnocentric it may be in its approach to the African Union. New approaches that are more Afro-centric should be 

developed, with the intention of creating cultural synergy, solving problems in mindful ways and adjusting styles to fit the 

other team members.   Ika expressed it well: cross-cultural project management issues are common and the effort to implement 

typical Western project management processes unavoidably create enormous political, organizational and cultural obstacles.  

And the” most formidable of these obstacles are cultural ones.”  Approaches must be modified according to the countries 

involved (Ika, (2010), Stuckenbruck & Zomorrodian, 1987, p. 174)   African project management needs to be created according 

to African cultures, social norms, communication styles and values.  

Further reflection on the beginning quote of Ban Ki Moon, “Sustainable development is the pathway to the future we want for 

all. It offers a framework to generate economic growth, achieve social justice, exercise environmental stewardship and 

strengthen governance” is in order.  This paper has attempted to illustrate the magnitude of the challenge of communication 

on sustainable development teams.  The main hope for the future of the world lies in our ability to communicate effectively in 

a harmonious and equitable manner with all people.  Cross-cultural communication in sustainable development multicultural 

teams is essential. 
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