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Abstract 
Private protected areas (PPAs) are seen as a promising approach to enhance nature conservation 
efforts and extend protected areas networks. Prevailing arguments for their use as a policy tool call 
upon political constraints and the scarcity of public funds directed to the creation and maintenance 
of additional state-run natural reserves. Being voluntary instruments, PPAs are expected to reduce 
social controversies usually caused by top-down approaches due to restrictions on land uses. On 
the other hand, scholars have pointed out the arising concerns regarding the loss of government 
authority in preserving public interest in relation to landscapes and biodiversity protection. 

In PPAs, public actors do not necessarily impose conservation objectives on private lands; instead, 
NGOs, private landowners or companies voluntarily limit human activities and resources uses 
negatively impacting biodiversity, and eventually implement active measures to promote nature 
conservation. However, public actors involvement, through the removal of constraints and the 
creation of incentives is a key factor that calls for a more in-depth research, due to its impact on: 
the geographical distribution of PPAs and their contribution to high value ecosystems and 
threatened species coverage, PPAs long term financial security and their long term effective 
protection. Thus, there is a need to investigate their distinct designs, focusing on governance 
arrangements, in order to improve our understanding on opportunities and challenges in promoting 
PPAs as a complementary policy tool for nature conservation.  

While protected areas owned and managed by private actors are well-established practices in the 
United States, Australia, Costa Rica and other Latin-American countries, the promotion of private 
involvement to voluntarily integrate private land into conservation planning is at its embryonic stage 
in European countries. According to the Common Database on Designated Areas (maintained by 
the European Environmental Agency), that holds information about protected areas and national 
legislative instruments in European countries, the countries that both formally recognize PPAs as a 
distinct governance typology within national protected area networks, and have a list of officially 
recognized PPAs: Finland, France, the Netherlands and Portugal. 

Drawing on existing research and based on the study of national legal and regulatory frameworks, 
we propose a preliminary mapping of the different existing governance models for PPAs as 
recognized de jure in those four countries. We especially address the typology of private actors 
involved, and we draw on two intertwined dimensions of public actors intervention:  their role as 
facilitators of private actors engagement and their role as regulator. The degree of public actors 
intervention as enablers of private actors involvement deals, for example, with PPAs legal 
recognition and their inclusion in public financing schemes. While the role of regulator is related to 
the definition of criteria for PPAs recognition and the implementation of monitoring actions to 
ensure the protection of environmental values and long-term commitment for conservation. 

This is an initial step towards a wider and more systematic categorization of governance models 
for PPAs that is of critical importance in order to discuss deeply the successful balance between 
regulatory approaches and voluntary systems in nature conservation strategies. 
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Using social media to assess cultural ecosystem services  
Pedro Clemente, Marta Calvache, Rui Santos, and Paula Antunes 
 

Abstract 
The concept of Ecosystem Services (ES) has been increasingly attracting the interest of 
researchers and policy-makers. The development of spatial models to measure and value their 
distribution and diversity across the territory, becomes increasingly important to effectively 
implement and mainstream the ES concept in existing planning and policy tools. 

Cultural Ecosystem Services (CES) are nowadays recognized as a main pillar in existing 
conceptual frameworks for ES classification. CES definitions and classifications vary across 
different frameworks, but generally CES embrace direct benefits people obtain from ecosystems, 
such as recreation or aesthetic experience, as well as other benefits resulting from the interaction 
of natural and human/cultural capital, such as cultural heritage. 

In this presentation we explore the use of social media photos to address the spatial distribution of 
people preferences for CES, using as example a case study in Southwest Alentejo, Portugal. The 
ultimate goal of this research is to promote the integration of CES into regional planning by 
identifying the existing CES, mapping their hotspots, and assessing the variables explaining their 
spatial distribution. 

The Sudoeste Alentejano and Costa Vicentina Natural Park (PNSACV) was created in 1995. 
Located in the Southwestern corner of Portugal, this protected area covers a coastal strip 
composed of 60.567 ha of land and 28.858 ha of marine waters. 1378 geo-tagged digital images 
from the Park posted in the Flickr web platform between 2004 and 2015 were analyzed and 
classified according to land uses and CES represented in the photos. A tailored CES classification 
system was defined for this purpose. 

The aesthetic values were the main CES identified, followed by recreation and cultural heritage. 
Landscape, a subcategory of aesthetic values, was the most commonly identified CES and Hiking, 
the main CES within recreational CES. Sea and cliff areas were the most present land uses in the 
photos. CES spatial distribution can be explained by a set of biophysical and infrastructural 
descriptors, such as accessibility or the proximity to the ocean. 

This methodology has proven useful to map CES at this scale, providing reliable maps of CES 
hotspots, of their diversity and spatial patterns in the territory. Working with up to date and easily 
accessible flow of data also makes this method very appealing. However, it also embodies some 
challenges that need to be considered, such as an overrepresentation of aesthetic values and a 
classification bias from the analysts classifying the photos. 

 

Keywords: Cultural Ecosystem Services; social media; territorial planning 
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What does it take to make integrated ecosystem service valuation 
feasible in urban environmental decisions? Real life impact of value 
pluralism 
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Abstract 
The low use of ecosystem service valuation (ESV) in environmental policy and management calls 
for a change of ESV research. In order to spread from academia to practice, the development of 
ESV methodologies and tools should incorporate input from environmental decision-makers 
(Fisher et al., 2009, Liu et al., 2010). The current research progress on integrated ESV 
methodologies for decision-making is still at an early stage (Boeraeve et al., 2015) and can thus 
benefit from this attempt. Acknowledging value pluralism of ecosystem services, integrated ESV 
does not just independently asses biophysical, socio-cultural and economic values but should also 
consider associated trade-offs between these value-domains (Gómez-Baggethun et al., 2014, 
Martín-López et al., 2014). In order to ensure integrated ESV methodologies are likely to be used 
in practice, it is important to understand the underlying interests, beliefs and potential applications 
of value pluralism in environmental decision-making. However, a state-of-the-art analysis in an 
urban context is missing. Given the complexity of urban ecosystems and associated stakeholders 
in limited space, integrated ESV promises to be particularly appropriate to reflect the benefits of 
urban ecosystem services that contribute to urban resilience and human-wellbeing (Gómez-
Baggethun and Barton, 2013, McPhearson et al., 2015). Based on semi-structured interviews of 
urban environmental decision-makers in Germany, this paper investigates the practical perspective 
on value pluralism and integrated ESV. One aim of this study is to shed light on decision-makers 
knowledge and acceptance of different ecosystem values. A further step assesses the practice of 
independent inclusion of different valuation metrics into decisions to date. The scope is finally 
broadened to a truly integrated ESV to learn if the potential of the approach for urban ecosystem 
policy is recognized by and relevant for environmental decision-makers. On the basis of our results 
we identify potential implementation drawbacks of integrated ESV in practice as well as drivers to 
increase its application in urban environmental decision-making. The results mark an important 
starting point for the ongoing research of the construction of integrated ESV frameworks for urban 
ecosystem services. 

Keywords: value pluralism, integrated valuation, urban ecosystem services, environmental 
decision-making 
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assessment? The case of small islands 
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Abstract 
Strategic Environmental Assessment is a systematic process for evaluating the environmental 
consequences of proposed policies, plans or programmes, alongside economic and social 
considerations. Therefore it can support sustainable decision making. Additionally, ecosystem 
services (ES) – the benefits people obtain from nature – can be regarded as sustainability 
boundary objects. Hence, integrating ES in SEA may bring additional benefits to SEA practice. On 
the other hand, SEA is context-specific. In the case of small islands, due to the specific 
characteristics of these territories (e.g. specificities of insular ecosystems, unique biodiversity, 
limited resources), there are several challenges to tackle related to the SEA process, including 
how to consider biodiversity and ES. However, there is a lack of research on the integration of 
biodiversity and ES in SEA, specifically for small islands. This research explores how biodiversity 
and ES have been integrated into SEA in small islands’ planning processes. It covers aspects like 
which ES are addressed and existing relations, for example between ES and SEA sustainability 
issues (topics such as biodiversity, soil or water). This was achieved through a multi-method 
approach comprised of case study research, grounded theory and content analysis, targeting a 
selected set of SEA reports from the Azores (Portugal) and Orkney (Scotland) islands. Through 
this approach the main sustainability issues (aggregated themes, including biodiversity) for each 
archipelago were identified and related to ES, which were structured according to the Common 
International Classification of Ecosystem Services – CICES. Differences in these relationships 
were observed between the Azores and Orkney islands. Some evidence of a transition towards 
ES-driven SEA was found, although accompanied by the need for improved knowledge, skills and 
data to conduct comprehensive assessments of effects on ES. The profile of the team conducting 
SEA also seems to play a role on ES integration. This research provides insights that support an 
enhanced consideration of biodiversity and ES in SEA practice. It also contributes to the aim of the 
track of investigating how threats to ecological integrity, biodiversity conservation and healthy 
ecosystems can be managed to simultaneously support sustainable development in a variety of 
contexts, looking at the specific context of small islands. 

 

Keywords: Ecosystem Services; Strategic Environmental Assessment; small islands; Azores; 
Orkney 



22nd International Sustainable Development Research Society Conference (ISDRS 2016), Vol. 1 
School of Science and Technology, Universidade Nova de Lisboa, Lisbon, Portugal, 13-15 July 2016 

 

500 
 

Integrating Adaptive Governance and Ecosystem Services Evaluation 
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Abstract 
Endowed with distinctive ecosystems and abundant biodiversity, the aim of regional governance in 
developing countries, particularly in environmental sensitive areas (ESAs), is to divert regional 
development towards regenerative and sustainable fashion. Given the context of under-developed 
economies, unsound political regimes and poor governance capacity in these regions, achieving 
this task is without a doubt a daunting task. In order to settle the incompatibility between economic 
development and ecosystem conservation, and reveal the complex and interlocked nature of 
regional governance regime, we introduced an ecosystem services value (ESV) based adaptive 
governance model (AGM), to identify deficiencies and failures of the existing institutional systems 
and establish innovative arenas and transition agendas for facilitating regional governance regime 
reframing. According to the ESV based AGM, tailored approaches for diverting regional 
governance regime can be formulated in a circular process. A case study was conducted in a 
typical ESA – the Water Source Area (WSA) of the Middle Route (MR) Project of the South-North 
Water Diversion (SNWD) Project in China, for demonstrating the implementation of the ESV based 
AGM. Compared with traditional proposals for administrative transition, the methodology proposed 
in this study is neither prescriptive nor directive, but an approach through influencing the direction 
and speed of transition through a series of steering and coordination mechanism. Therefore, the 
ESV based AGM as well as approaches for implementing this model is suitable for regions, with 
the same environmental endowment, or encountering the similar daunting tasks as ESAs in 
developing countries, to innovate and upgrade their regional governance regimes and divert 
regional development path towards sustainability. 

Keywords: ecosystem services value, the Water Source Area of the Middle Route Project of the 
South-North Water Diversion Project, adaptive governance model, sustainable development 

1. Introduction 
Endowed with distinctive natural ecosystems and abundant biodiversity, such regions in 
developing countries are often termed as Environmentally Sensitive Areas (ESAs), sanctioned by 
regional or national authorities (Haigh, 1990; Grodzinska-Jurczak & Cent, 2011). Compared with 
developed countries, ESAs in developing countries are often facing the “regional governance 
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dilemma”, that on one hand, local governments of these regions are often expected to maintain the 
functionality and integrity of local ecosystems, on the other hand, they are demanded by the local 
communities as well as their superior administrative hierarchies to revitalize the local economy and 
improves people's welfare level. Such dilemma is intrinsically rooted in the less developed status of 
these regions, for instance under-developed economies, unsound political regimes, and poor 
governance capacity (UN, 2012; Puppim de Oliveira et al., 2013).  

With the degradation of ecosystem services increasing at an alarming rate (Millennium Ecosystem 
Assessment, 2005), there is an urgent need for ESAs in developing countries to divert their 
regional development pattern from purely environmental retaining towards comprehensively 
sustainable development. That is, the growth of regional economy and improvement of social 
welfare in developing countries, especially ESAs, are necessarily decoupled from environmental 
degradation, and retaining the quality and quantity of ecosystem services through gradually shifting 
regional socio-ecological system (SES) towards a self-restraint and sustainable fashion. 

Attempts are made to nudge or “push” such regions towards more sustainable futures - for 
instance, the United Nation’s “Millennium Development Goals (MDGs) of 2000” (UN, 2014), 
succeeded by “Sustainable Development Goals (SDGs)” (Loewe & Rippin, 2015), pledge 
governments at national and sub-national levels in developing countries to formulate policies and 
frameworks to “eradicate extreme poverty and hunger” and to “ensure environmental 
sustainability”. Meanwhile, measurements, for “pulling” regions in developing countries, especially 
ESAs, are also established to deorbiting the regional development from former low orbit – sacrifice 
environment for economic development, towards sustainable development through innovating and 
reframing their governance regime, pledged by local communities as well as superior 
administrative hierarchies. After decades of endeavours on improving regional sustainability 
worldwide, a series of methods were developed for assessing and therefore improving 
reconciliation of triple-bottom-line of regional development (Rees & Wackernagel, 1996; 
Hammond, 2004; Sciubba & Ulgiati, 2005; Munda, 2006; Gasparatos et al., 2008).  

Among which the method of ecosystem services value (ESV) evaluation (Costanza et al., 1997; 
Daily, 1997; MA, 2003; Curtis, 2004; Peng et al., 2005; Nuñez et al., 2006) and theory of adaptive 
governance (Folke et al., 2005; Brunner et al., 2006; Armitage et al., 2007; Huitema et al., 2009) 
provide promising instruments for resolving the “regional governance dilemma” and diverting 
regional development pattern towards sustainability of ESAs in developing countries. In this 
research, we introduced an integrated governance model for guiding innovation and reframing of 
the regional governance regime, through combining the principle of adaptive governance and the 
method of ecosystem services value (ESV) evaluation, and performed a case study in the Water 
Source Area (WSA) of the Middle Route (MR) Project of the South-North Water Diversion (SNWD) 
Project in China (in the following “WSA of the MR project” or “the research area”), for 
demonstrating the implementation of this model. 

2. Methods 
2.1 Research area 

The WSA of the MR project (31°31′N to 34°25′N, 105°31′E to 112°2′E) corresponds to the 
upstream region of the Han River (a tributary of the Yangtze River) and the Dangjiangkou 
Reservoir, and comprises 40 counties (Fig.1). Dominantly located in the Hanjiang and Danjiang 
river basins, this region received a per capita water supply of 3,741 m3 in 2010, which was 
approximately 170% of the national average level (2,200 m3 water per capital). 
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Figure 1. Location of the research area. 

Located between the North Temperate Zone and the Subtropical Climate Zone, the research area 
enjoys four distinct seasons, a wet climate, and a long frost-free period (Table 1). In the research 
area, mountainous terrain accounts for 79%, hilly terrain for 18%, and river valleys for only 3%. 
Given such unique geographical and climatic conditions, the ecosystems here are extremely fragile 
(53.8% of the research area has undergone severe soil erosion according to the results of the 2nd 
National Land Resource Investigation in China) (Kong, 2014). 

Table 1. Environmental conditions in the research area. 

Province Municipality/County 
(County-level City, District) Climate 

Annual Mean 
Sunshine 

(hours) 

Annual Mean 
Temperature 

(°C) 

Annual 
Precipitation 

(mm) 

Hanzhong 
Transition Zone between 

North Temperate Zone and 
Subtropical Zone 

1591 14 800~1000 

Ankang Subtropical-Continental 
Monsoon Climate 1496~1836 

15 

(except Ningshan 

and Zhenping County 
with a temperature of 

12°C) 

 

750~1100 
Shaanxi 

Shangluo 
Transition Zone between 

North Temperate Zone and 
Subtropical Zone 

1860~2130 14 710~930 

Hubei Shiyan North Subtropical-Continental 
Monsoon Climate 1655~1958 16 More than 800 

Lushi County 

 (Sanmenxia) 

Transition Zone between 
North Temperate Zone and 

Subtropical Zone 
1860~2130 14 710~930 

Luanchuan County 
(Luoyang) 

Transition Zone between 
North Temperate Zone and 

Subtropical Zone 
1860~2130 14 710~930 

Henan Xixia County, 

(Nanyang) 

Zhechuan County 

(Nanyang) 

Transition Zone between 
North Temperate Zone and 

Subtropical Zone 

North Subtropical-Continental 
Monsoon Climate 

1860~2130 

 

1655~1958 

 

14 

 

16 

 

 

710~930 

 

More than 800 
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The socio-economic foundation of the research area is weak. The population in the research area 
was 14 million, while its per capita GDP was approximately 20% of Beijing (75,943 CNY per 
capital) and 21% of Tianjin (72,994 CNY per capita) (Du & Dong, 2011; Yu, 2011) in 2010. The 
total investment of the fixed assets of the research area was less than 35% of the amounts of 
Tianjin (651.14 billion CNY) or Beijing (549 billion CNY) in 2010, and the structure of local 
economy was locked in the low value-added, energy-extensive, and low-tech industrialized pattern. 

2.2 Ecosystem service value (ESV) based adaptive governance model (AGM) for the regional 
institution innovation and reframing 

Played an irreplaceable role in regional ecosystem services conservation, ESAs are deemed to be 
the demonstrating zone for tackling the “regional development dilemma” in developing countries. 
An integrated model – entitled the Ecosystem Service Value (ESV) based Adaptive Governance 
Model (AGM) (Fig. 2) was introduced for innovating and reframing regional governance system. 

 
Figure 2. Ecosystem service-value (ESV) based adaptive governance model (AGM). 

According to the ESV based AGM, a spectrum of regions, from larger scales – superior to the 
“objective region” in administrative hierarchy and with immediate concerns on ecosystem retaining 
and conservation, to sub-regional scales – under the juridical hierarchy of the “object region” and 
with the responsibility to maintain the quantity and quality of ecosystem services, are identified in 
the first place. Based thereon, crossing-scale/multi-level interaction analysis is performed for 
defining regional accountabilities at much larger scale and identifying responsibilities undertaken 
by sub-regions of the “object region” for performing ecosystem conservation. 

Since administrative boundaries and the border of ecosystems are normally not perfectly matched, 
the “niche ecosystems” are thereby determined in accordance with categories as well as spatial 
distribution pattern of each ecosystem service function provided by the “object region”. Based on 
the ESV changes, challenges on regional governance of each “niche ecosystems” are identified 
from regulative, normative, and cultural-cognitive dimensions, and the innovation arenas of 
regional governance regime are generated thereafter. Then, the portfolio of regional governance 
innovation and reframing of the “objective region” are formulated through integrating and 
synthesizing the innovation arenas of each “niche ecosystems”. 

2.3 Ecosystem services value (ESV) variation and spatial distribution pattern 

The ESV variation of the research area between 2002 and 2010 was detected through integrated 
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application of remote sensing and equivalent weighting factors of ecosystem services per hectare 
for the terrestrial ecosystems in China by Xie et al. (2003). Six land-use categories (forestland, 
cropland, wetland, water body, grassland and built-up land) were detected, among which the ESV 
of the built-up land set as 0. The ESV of one unit of each land-use category was assigned based 
on the nearest equivalent ecosystem (Table 2), and one unit of the coefficient in the scheme 
(Table 3) is equal to the average value of the natural food produced by one hectare of cropland per 
year (Xie et al., 2003). According to Wang (2011), the ESV of one equivalent weight factor in the 
research area is 1114.28 Yuan. 

Table 2. Equivalent weighting factors of ecosystem services per hectare of China’s entire terrestrial 
ecosystem (adopted from Xie et al., 2003). 

Ecosystem	Function	 Forestland	 Grassland	 Cropland	 Wetland	 Water	Body	 Built-up	Land	

Gas	Regulation	 3.5	 0.8	 0.5	 1.8	 0	 0	

Climate	Regulation	 2.7	 0.9	 0.89	 17.1	 0.46	 0	

Water	Supply	 3.2	 0.8	 0.6	 15.5	 20.38	 0.03	

Soil	Formation	and	Retention	 3.9	 1.95	 1.46	 1.71	 0.01	 0.02	

Waste	Treatment	 1.31	 1.31	 1.64	 18.18	 18.18	 0.01	

Biodiversity	Protection	 3.26	 1.09	 0.71	 2.5	 2.49	 0.34	

Food	 0.1	 0.3	 1	 0.3	 0.1	 0.01	

Raw	Material	 2.6	 0.05	 0.1	 0.07	 0.01	 0	

Recreation	and	Culture	 1.28	 0.04	 0.01	 5.55	 4.34	 0.01	

Total	 21.85	 7.24	 6.91	 62.71	 46.01	 0.42	

Table 3. Annual ecosystem service value per unit area of each land-use category in the research area* 
(CNY·ha-1·yr-1). 

Ecosystem	Function	 Forestland	 Grassland	 Cropland	 Wetland	 Water	Body	 Built-up	land	

Gas	regulation	 3,900	 891	 557	 2,006	 0	 0	

Climate	regulation	 3,009	 1,003	 992	 19,054	 513	 0	

Water	supply	 3,566	 891	 669	 17,271	 22,709	 0	

Soil	formation	and	retention	 4,346	 2,173	 1,627	 1,905	 11	 0	

Waste	treatment	 1,460	 1,460	 1,827	 20,258	 20,258	 0	

Biodiversity	protection	 3,633	 1,215	 791	 2,786	 2,775	 0	

Food	 111	 334	 1,114	 334	 111	 0	

Raw	material	 2,897	 56	 111	 78	 11,143	 0	

Recreation	and	culture	 1,426	 45	 11	 6,184	 4,836	 0	

Total	 2,4347	 8,067	 7,700	 69,877	 62,356	 0	

The ESV of each ecosystem was estimated based on their equivalent land-use categories by Eqs. 
(1), and the ESV of each corresponding ecosystem service function, and the total ESV of the 
research area were also calculated by Eqs. (2) and (3). 

                                                   ⑴  

                                                   ⑵  

                                                 ⑶  
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where ,  and  refer to the ESV of LULC category “k”, the value of ecosystem 

function type “f” and the total ESV of the research area respectively.  is the area occupied by 

the LULC category “k”, and  is the value coefficient (CNY·ha-1·a-1) for the LULC category “k” 
and the ecosystem service function type “f”.  

2.4 Challenges and innovation & reframing of regional governance 

Along with the completion of the construction of the MR project of the SNWD project, the major 
challenges on the regional governance in the research area has shift to regional development 
transformation towards more sustainable and inclusive fashion. 

To identify failures of regional governance, the prerequisite is to comprehend the status quo of the 
regional institution system. The spectrum of the regional governance of the research area can be 
grouped into three administrative levels: the supra-regional, regional, and sub-regional levels. The 
first two levels correspond to the central government and regional governments in the beneficiary 
regions (BR) of the MR project (Hebei and Henan provinces, and Beijing and Tianjin), while the 
sub-regional level denotes the local governments (at municipal and county-level) from the research 
area. 

Through the crossing-scale analysis, flaws and challenges on regional governance regime can be 
identified from two different perspectives, namely “upward” accountability to the supra-regional 
level governmental hierarchies, as well as through the lens of the ESV variation in the sub-regional 
levels areas. Based thereon, the portfolio of regional institution innovation and reframing were 
identified through cross-checking the innovation arenas of the regional institution with the existing 
institutions issued by sub-regional level administrative authorities in the research area. 

To divert regional development towards sustainable development, institutional innovation on 
macro-vision as well as bottom-up (micro) initiatives are necessarily involved into a practical and 
operational methodological framework - a meso-regime. Therefore, an adaptive institution 
transition model in terms of a transition circle was introduced in this research, based on the notion 
of the transition management (Loorbach, 2010b). As a cyclical and interactive process, this 
theoretical framework consists of four independent but interconnected components (Loorbach, 
2004a): (1) structure the problem in question, develop a long-term vision for regional sustainability 
governance, and establish and organize the transition arena; (2) develop future images, from a 
transition agenda and derive the necessary transition paths; (3) establish and initiate transition 
experiments and mobilize the resulting transition networks; (4) monitor, evaluate, and learn 
lessons from the transition experiments and, based on these, make adjustments in the vision, 
agenda, and coalitions. 

3. Results 
3.1 Ecosystem services value (ESV) variation 

The ESV in the research area has decreased from 228 billion CNY in 2002 to 222 billion CNY in 
2010 (Table 4). During 2002 to 2010, the ESV of cropland, wetland and water bodies have 
increased significantly, with a net increase of 4, 7 and 4 billion CNY respectively. However, such 
increments were offset by the decrement of ESV of the forestland in the meantime by roughly 21 
billion CNY. Additionally, the expansion of the built-up land also has negative contribution to the 
overall ESV of the research area during the same time frame. 

Table 4. ESV variation ecosystems proxied by different land-use categories in the research area. 

	 	 Forestland	 Grassland	 Cropland	 Wetland	
Water	

Body	

Build-up	

Land	
Total	

2002	 19,445,514		 78,198		 1,628,627		 1,228,541		 418,481		 0		 22,799,361	
ESV	2002-

2010	

(104Yuan·yr-1)	 2010	 17,376,338		 66,338		 2,064,497		 1,889,985		 775,584		 0		 22,172,743		

	 (104	

Yuan)	 -2,069,176		 -11,860		 435,871		 661,444		 357,103		 0		 -626,619		
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(%)a	 -10.64		 -15.17		 26.76		 53.84		 85.33		 0		 -2.75		
	

(%·yr-1)	 -1.33		 -1.90		 3.35		 6.73		 10.67		 0		 -0.34		

From the perspective of each ecosystem, five ecosystems with positive ESV (proxied by LULC 
categories of forestland, grassland, wetland, cropland and waterbody) can be grouped into three 
types: (i) High-contribution ecosystem – wetland and water body. The areas of wetland and water 
bodies accounted for 2.6% and 1.4% of the total area, while ESV of these ecosystems accounted 
for about 8.5% and 3.5% of the overall ESV in 2010 respectively; (ii) Medium-contribution 
ecosystem – forestland. The proportion of the area classified as forestland (67.3%) is smaller than 
its contribution (78.4%) to the overall ESV in 2010; (iii) Low-contribution ecosystem – cropland and 
grassland. Cropland and grassland, occupied by 25.3% and 0.8% of the whole area, only 
contributed 9.3% and 0.3% of the overall ESV in 2010. 

The rank of each ESVf based on their contributions to the overall ESV were relatively steady 
between 2002 to 2010 (Table 5). The overall rank of ESVf in decreasing order was soil formation 
and retention, water supply, gas regulation, climate regulation, biodiversity protection, waste 
treatment, raw material, recreation and culture, and food. The top two ESVf were crucial for 
retaining the quality and quantity of water resources in the research area. The top six ESVf in 
ranking were jointly accounted for more than 80% of the overall ESV, while ESVf of food, at the 
button of rank, contributed no more than 2% to the overall ESV. 

Table 5. ESV of each ecosystem service functions of the research area between 2002 and 2010 ⃰. 

2002	 2010	

ESVf	 ESVf	Ecosystem	Function	

(104	Yuan·yr-1)	
%a	 Rank	

(104	Yuan·yr-1)	
%	 Rank	

Overall	Rank	b	 Tendency	c	

Gas	regulation	 3,276,592		 14.37		 3	 2,994,359		 13.50		 3	 3	 ↓	

Climate	regulation	 2,961,555		 12.99		 5	 2,944,471		 13.28		 4	 4	 ↓	

Water	supply	 3,487,095		 15.29		 2	 3,542,399		 15.98		 2	 2	 ↑	

Soil	formation	and	retention	 3,869,586		 16.97		 1	 3,607,274		 16.27		 1	 1	 ↓	

Waste	treatment	 2,088,184		 9.16		 7	 2,398,412		 10.82		 6	 6	 ↑	

Biodiversity	protection	 3,152,011		 13.82		 4	 2,932,004		 13.22		 5	 5	 ↓	

Food	 334,715		 1.47		 9	 391,773		 1.77		 9	 9	 ↑	

Raw	material	 2,339,454		 10.26		 6	 2,100,278		 9.47		 7	 7	 ↓	

Recreation	and	culture	 1,290,168		 5.66		 8	 1,261,772		 5.69		 8	 8	 ↓	

Total	 22,799,361		 100.00		 � 	 22,172,743		 100.00		 −	 −	 −	

*The water source area of the Middle-Route project of South-North Water Diversion project.  
a The proportion of ESV of certain ecosystem function in the total ESV in the same year.  
b Overall rank refers to the order of the averaging ESV of each ecosystem services function in 2002 and 2010. 

c An upward arrow “↑” denotes an increasing contribution, a downward arrow “↓” denotes a decreasing contribution, and a dash “−” indicates no 
changes. 

3.2 Spatial distribution pattern of ecosystem services values (ESV) 

Apart from the southeast-central regions, ESV in the rest part of the research area has increased 
between 2002 and 2010 (Fig. 3). Regions with the highest ESV (over 40,000 Yuan) were generally 
located in the southeastern part of the research area, including the Danjiangkou Water Reservoir 
and some river basins in its adjacent regions. Dominantly distributed in the northern part of the 
research area (along the Qinling Mountain and in the southern part of the Bashan Mountain), 
regions covered by forestland possessed the second-highest ESV (between 20,000 and 40,000 
Yuan). While regions covered by crop and the grass lands, with an ESV between 5,000 and 
20,000 Yuan, were generally distributed in regions adherent to the urbanized area, on the plateaus 
of mountainous terrain, and in the mountain valleys. Between 2002 and 2010, the spatial 
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distribution pattern of the urbanized regions, with the lowest ESV contribution (less than 5,000 
Yuan), has transformed from concentrated in several major cities (i.e., Hanzhong, Ankang, Shiyan, 
etc) to scattered in several urbanized agglomerations located in the western (Hanzhong and its 
adjacent urbanized area), central (Ankang and its adjacent urbanized area) and eastern part 
(Shiyan and Dangjiangkou and their adjacent urbanized areas) of the research area. 

 
Figure 3. Spatial distribution pattern of ecosystems services value (ESV) of the research area between 2002 

and 2010. 

Increment of the built-up land was dominantly converted from the forestland (69.1%), which were 
scattered distributed and can hardly be identified in Fig. 4a. Built-up lands that converted from 
wetland were distributed in the eastern and western parts of the research area, among which the 
two largest concentrations were situated at Zhechuan County and Zhushan County. While built-up 
lands that converted from the cropland were concentrated in Ankang City, Hanyin County, Xixiang 
County and Yangxian County along the Hanjiang River. While the largest region with built-up land 
that converted from grassland was located in Xunyang County. 
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Figure 4. Spatial distribution of regions with land-ues categories converted to built-up land and cropland in 

the research area between 2002 and 2010. 

Croplands that converted from other land-use categories between 2002 and 2010 were shown in 
Fig. 4b. Main LULC categories that converted to cropland were wetland, forestland and grassland. 
Croplands that converted from wetland were dominantly located in the western (Hanzhong city and 
its adjacent regions), east-central (Dangjiangkou city and two adjacent counties to its north), and 
west-central part (Ankang city and its adjacent regions) along the Hanjiang River basin. Regions 
with croplands converted from forestland were also along the Hanjiang River basin as well as 
regions along the Danjiang River basin in Lushi County. 

3.3 Challenges and institutional innovation arenas of regional governance 

Formal institution that linked to the official channels of governmental bureaucracy (North, 1990; 
Scott, 2001) can be grouped into three types: (i) regulations (regulatory documents), drafted and 
enacted by the State Council or departments of the State Council, for regulating and administrating 
issues corresponding to construction and operation of the MR project of the SNWD project at 
national or crossing-region scale. Such institutions addressed Issues are including investment and 

planning (the investment management, the project tendering, the engineering design and 
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bidding, etc.), financing and accounting (the financing arrangement, the contract management, the 
investment control, etc.), construction management, environmental protection (specially focused 
on the regional water-soil conservation and water pollution prevention in the research area), land 
requisition and resettlement (land requisition and resettlement, heritage preservation, etc.), and 
supervision and administration; (ii) laws. These institutions are with regard to the complex context 
of regional governance in the research area and covered at least 20 different topics; (iii) local 
regulations (regulatory documents) drafted and enacted by local governments at provincial or 
prefecture level. These institutions address a series of issues related to regional governance 
during the construction and operation of the MR project. 

Enforced outside legally sanctioned channels, the informal institutions, such as social or cultural 
norms, that relevant to regional governance in the research area were folk custom and religious 
belief. Local folk customs in research area were dominantly demonstrating the reverence and 
honour of the wilderness, while religious belief were more involved in normal life of local residents 
(e.g. house building, travelling, funeral, wedding, family formation) and had great influence on 
cultural-cognitive issues of local communities (Atran & Norenzayan, 2004; Barrett, 2000; Boyer, 
2003), but paid little attentions to ecosystem conservation. 

Through crossing-scale analysis, major challenges on regional governance at different hierarchical 
levels were including: (i) balancing water resources distribution in BR of MRP, organizing 
negotiation on ecosystem service compensation (ESC) between BR and WSA of MRP, and 
facilitating regional governance innovation at the central-governmental level; (ii) how to determine 
the amount of the ESC paid to WSA, the share of the ESC paid by sub-regions of BR, and the 
payment mode of the ESC (on what form and through which channels may the ESC to be 
delivered to the WSA) at the BR level; (iii) the incompatibility of local institution system on 
ecosystem conservation, stemming from fragmented (hierarchical) regional governmental regime 
at the sub-regional level of the WSA. 

To more precisely pinpoint the regional institutional innovation and reframing arenas in the 
research area, the multi-level interactive analysis was performed through the lens of two types of 
“niche ecosystems” (NE) – namely LULC based NE and ecosystem service function (ESf) based 
NE. 

From the perspective of land-use based NE, the increment of NE of the built-up land, as the key 
reason for ESV decreasing, was dominantly converted from the forestland, arable land, and with 
small port from the wetland. Since the amount of the population in the research area was relative 
steady (Table 2), urban sprawl was the main driver of such land-use conversion between 2002 and 
2010. The newly converted urban area were dominantly concentrated in Hanzhong City, Ankang 
City, Shangluo City, Shiyan City, and Zhechuan and Zhushan Counties. Such urbanization process 
in these regions was failed in urbanized land-use control and stimulating local residents’ income 
growth, therefore institutional innovation arenas should lie on the following issues: regional 
economic development pattern transformation, industrial structure adjustment, rigid control of 
urban sprawl, comprehensive upgrading of public services. 

As for NE of cropland, two major challenges are necessarily highlighted, namely undesirable land 
structure (i.e. high proportion of low-yielding dryland but low proportion of high-yielding paddy 
fields), and inefficient distribution of land. More specifically, paddy fields are concentrated in hilly 
and low mountainous areas, while drylands are distributed in dry, hypothermal, and sloped areas. 
Whereby, institutional innovation arenas regarding NE of cropland should focus on the 
establishment of the Rural Land Circulation Mechanism, prevention of soil erosion and promotion 
of land-use efficiency in rural area, and upgrading the agricultural industry towards technology-
intensive and eco-friendly fashion. 

Since NEs of wetland and water body are vital for ecosystem conservation, the functionality and 
integrity of these two NEs are guarantee of the quantity and quality of the water resources 
retention in the research area. However, the adjacent area of NEs of the wetland and water body 
are largely transformed from the Medium-contribution ecosystem – proxied by forestland, to the 
Low-contribution ecosystem – proxied by cropland and grassland, and some even into urbanized 

area in the downstream area of the Danjing River and Hanjiang River basins. Given such 



22nd International Sustainable Development Research Society Conference (ISDRS 2016), Vol. 1 
School of Science and Technology, Universidade Nova de Lisboa, Lisbon, Portugal, 13-15 July 2016 

 

510 
 

pressing scenario, arenas of regional governance innovation and reframing should highlight the 
point and non-point source pollution control and the sewage treatment, ad hoc countermeasures 
for forest conservation and recovery, eco-compensation and transfer payment for water body and 
wetland conservation, and environmental education and decision-making with local communities’ 
involvement. 

There are nine types of ESf based NE, namely soil formation and retention, water supply, gas 
regulation, climate regulation, biodiversity protection, waste treatment, raw material, recreation and 
culture, and food. 

NEs of soil formation and retention and water supply, which are crucial for retaining the quality and 
quantity of water resources, were slightly decreased between 2002 and 2010. Whereby, 
institutional innovation arenas should bring the whole spectrum of regional governance into 
consideration and include: at the central-government level - establishing plans for soil and water 
conservation, supervising the implementation of the plan, and formulating more detailed and 
operational guidance on the scheme of payment transformation from the central government to the 
WSA; at the BR level - forming the mechanism of eco-compensation allocation to sub-regions of 
the research area; at the sub-regional level of the research area - formulating strict 
rules/regulations to guarantee the water and soil conservation. 

With a much larger beneficial area at national and global scales, NEs of gas emissions regulations, 
climate regulation, and biodiversity protection demonstrated a decreasing trend. Therefore, 
institutional innovation arenas on these NEs should highlight financial support and favorable 
polices on ecosystem conservation and reforestation of natural forest and water conservation 
forest, and ad hoc transfer payment mechanisms and policies to facilitate regional social-economic 
development transformation towards sustainable development, from the central-government level. 

As for the remaining four NEs, namely waste treatment, raw material, recreation and culture, and 
food, these NEs are with a beneficial area at local scale and revealed distinct trends during the 
construction and operation of the MR project. With direct relationship with local environment 
daintiness and comfortability of living, ESV of NE of water treatment increased between 2002 and 
2010, and institutional innovation arenas with regard to this NE should emphasize the maintenance 
of local waste emission control and treatment, initiation of the pollution rights trading, and guidance 
on the assignment and usage of the eco-compensation and transfer payment for water pollution 
treatment. The NE of recreation and culture, as vital for regional development path transformation, 
however demonstrated a decreasing trend in its ESV. Therefore, institutional innovation arenas 
should enforce providing preferential policies and financial support for evoking eco-tourism, and 
executing strict rules and regulations for pollution detection and control. 

Through cross-checking the institutional innovation arenas with the existing institution system, 
innovation arenas that are not covered by the regional governance were identified (Table 6), and 
the portfolio for regional governance innovation and reframing can be formulated and concluded as 
follows: at the central-government level - future governance innovation should focus on the transfer 
payment scheme on gas emissions regulating, climate change adaption, biodiversity conservation, 
pollution rights trading market establishment, and regional development mode transformation in 
the research area; at the BR level - governance innovation should focus on not only the quality 
control of water resources conserved by the WSA, but also the share of the ESC assigned to each 
sub-regions of the BR of the MR project, as well as the form of each ESC (monetary or in kind); at 
the sub-region level - governance innovation should focus on formulating phased targets for 
regional development mode transformation, supervising the performance of rules/regulations on 
urban expansion control, advancing the public services facilities, monitoring ad hoc regulations on 
waste treatment, facilitating fiscal and policy support on the agro-industry advancement towards 
technology-intensive and eco-friendly fashion, publicizing and educating local communities on 
regional environmental protection and ecosystem conservation, and involving local communities in 
the process of decision-making. 
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Table 6. Mismatches between current institutions and arenas of innovation and reframing of regional 

governance in the research area. 

Beyond/Parallel	to	WSA	of	MRP	LULC	 based	 and	
ecosystem	 services	
function	 (ESVf)	
based	 “Niche	
ecosystem”	regions	

Central-government	
Benefiting	area	(BA)	of	

MRP	

Sub-region	of	WSA	of	MRP	

Coverage	of	
current	

institutions	

NESV	 of	
forestland	

� 	 � 	 "	Regional	economy	form	transformation	
and	industrial	structure	advancing	
"	Strict	control	of	urban	sprawl	and	
comprehensively	upgrading	of	urban	public	
services	
"	Ad	hoc	measurements	for	forestland	
conservation	and	recovery	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

#	

NESV	 of	
cropland	

� 	 � 	 "	Establishing	and	perfecting	the	agro-land	
transfer	mechanisms	
"	Controlling	soil	erosion	and	increasing	land	
utilization	rate	
"	Encouraging	and	supporting	local	agro-
industries	advancement	toward	technology-
intensive	and	eco-friendly	

	

	

	

	

	

	

	

	

#	

#	

	

Land-
use	
based	
NESV	

NESV	 of	
wetland	
and	 water	
body	

� 	 � 	 "	Regulations	on	point	source	and	non-point	
source	pollution	control	(liquid	and	solid	
waste)	
"	Policies	on	facilities	construction	of	
industrial	and	living	sewage	discharge	and	
treatment	
"	Rules	and	regulations	on	industrial	and	
living	sewage	discharge	norms	and	
monitoring	system	
"	Mechanism	of	capital	allocation	and	
utilization	of	transfer	payment	and	eco-
compensation	scheme	for	advancing	
ecosystems	of	water	body	and	wetland	
"	Mechanism	of	wetland	and	water	body	
ecosystems	management	by	regional	
governments	
"	Mechanisms	of	publicity,	education	and	
participation	in	decision	making	process	on	
ecosystem	management	of	wetland	and	
water	body	by	local	communities		

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

#	

	

#	

	

	

	

	

	

	

	

	

	

	

ESF	
based	
NESV	

NESV	 of	
soil	
formation	
and	
retention,	
and	 water	
supply	

"	Mechanism	on	planning,	
implementation	and	
monitoring	of	water	and	soil	
conservation	in	WSA	of	MRP	
"	Mechanism	on	transfer	
payments	from	central	
government	to	WSA	of	MRP	
on	water	and	soil	
conservation	
"	Policies	on	advocating	and	
promoting	trade	market	of	
pollution	emission	rights	in	
WSA	of	MRP	
"	Mechanism	on	eco-
compensation	negotiation	
between	BA	and	WSA	of	
MRP	

"	Mechanism	on	the	
share	of	eco-
compensation	on	water	
and	soil	conservation	
among	regions	in	BA	of	
MRP	
"	Mechanism	on	the	form	
of	eco-compensation	of	
water	and	soil	
conservation	from	BA	of	
MRP	

"	Rules	and	regulations	on	strictly	
application	of	supervision	policies	on	water	
and	soil	conservation	

#	

	

	

	

	

	

#	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

#	
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NESV	 of	
gas	
regulation,	
climate	
regulation,	
and	
biodiversity	
protection	

"	Planning	and	financial	
support	on	protection	of	
natural	forest	and	
construction	of	water	
conservation	forest	in	WSA	
of	MRP	
"	Transfer	payment	scheme	
to	WSA	of	MRP	on	gas	
regulation,	climate	
regulation,	biodiversity	
protection	from	the	central	
government	
"	System	on	facilitating	local	
economy	transformation	
towards	low-carbon	
emission	fashion	

� 	 � 	 #	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

NESV	 of	
waste	
treatment,	
raw	
material,	
recreation	
and	
culture,	
and	food	

� 	 � 	 "	Rules	and	regulations	on	waste	emission	
monitoring	and	control	
"	Mechanism	on	regional	pollution	rights	
trading	
"	Principles	and	payment	method	for	funds	
of	eco-compensation	and	transfer	payment	
on	water	treatment	
"	Preferential	policies	and	financial	supports	
on	industries	relied	on	or	beneficial	from	
these	ESf;	
"	Rule	and	regulation	on	control	and	
supervision	of	industries	may	harm	to	these	
ESf	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

#	

	

	

	

	

#	

	

#	

	

3.4 Adaptive transformation model for regional governance innovation and reframing 

With the portfolio of regional governance innovation and reframing, an adaptive institution 
transition model in terms of cyclical and iterative process was introduced for guiding the adaptive 
transformation of regional governance system in the research area (Fig.5). Through this model, the 
relatively vague, intangible and scattered regional institution transition goals are converted into 
more precise, tangible and staged targets and diverted towards the desired end-state (Kemp & 
Rotmans, 2004). 
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Figure 5. Adaptive institution transition model. 

In the 1st stage (Fig. 5), two steps are applied to detect and frame challenges of regional 
governance system in light of the long-term vision of regional development transformation. First, 
the regional development vision is articulated, and then status of regional governance system is 
analysed from the regulative, normative, and cultural-cognitive perspectives. 

In the 2nd stage, two steps are taken to generate the new ESV based agenda for regional 
governance innovation and reframing. In step 3, ESV assessment and regional governance 
system analysis are performed for identifying the innovating arenas. Thereafter, a joint transition 
agenda of the regional governance system is sketched out in step 4. In this research, the 1st and 
2nd stages were conducted through the application of the ESV based AGM. 

In the 3rd stage, measures are proposed to steer the regional institution and plans are proposed to 
construct the afore-formulated transition portfolio. In step 5, the transition-experiments shall be 
introduced in the “typical” regions. As for this research, the initiation of the policy of “Demonstration 
Zone for Building Ecological Civilization” (DZBEC) by the State Council in Shiyan City can be taken 
as such transition-experiments, which aims to establish the ESC mechanism, built the national 
forest park system, and innovate the regional coordination mechanisms. Through the performance 
of this experiment, a portfolio of regional governance innovation and reframing can be devised and 
duplicate to the rest regions of the research area. 

In the 4th stage, two steps are necessary for monitoring and evaluating the regional governance 
system transformation. Steps 6 and 7 are required to monitor the trends of regional social-
economic development and ESV variation, in order to navigate such transformation towards the 
long-term vision and determine readiness to be steered into the next round. In case of the research 
area, measures on reform of regional statistical caliber, enhancement of the supervisory system of 
government, establishment of strict standards for local environmental condition control and 
ecosystem conservation, founding of markets for emission and carbon trading, are fundamental for 
performing the DZBEC project in Shiyan. Experience achieved from this project can be duplicated 
to the rest parts of the research area, and shared with other ESAs in developing countries. 

4. Discussion 
The purposes of diverting regional development of the WSA of MR porject transformation are 
pluralistic. It is, on one hand, to balance the geographic distribution of water resources and 
alleviate water scarcity in Northern China, and on the other hand, to shift the regional development 
mode towards self-restraint and eco-friendly process, which invokes urgent need of regional 
governance system innovation and reframing. Besides the institutional innovation of regional 
governance regime, the actor network and goverance mode are also vital compoents for regional 
governance improvement (Swallow et al., 2001, Cash et al., 2006, Clark et al., 2011). 

There are generally two kinds of actor network, namely the state and non-state actors (Princen & 
Finger 1994, Lipschutz 1996, Humphreys 1996, Raustiala 1997). In the research area, the state 
actors refer to the governments and affiliated authorities at national, provincial and local levels 
(municipal or county level), and ad hoc governmental agencies of the MR project of the SNWD 
project from national to local level. Adjustment on their roles in regional goverance should highlight 
branching out their conventional jurisdictions horizon, in order to manage and coordinate crossing-
region and multi-level governmental issues. 

The non-state actors refers to private stakeholders, from economic departments (e.g. companies, 
banks) and civil societies (e.g. individual, citizen groups). For local enterprises and businesses, 
they need to become more proactive in the process of regional industrial structure transformation; 
for democratic parties, universities and research institutions in the resesarch area, they should play 
more influential roles on regional governance in terms of professional think tanks, third-part 
participants, etc; for the civil society, their opinions on regional governance through the channel of 
new media and internet based online communities should be highly valued by local government, 
and involved in the process of decision-making, in terms of online surveys, online discussion 
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groups as well as online access to government services. 

As for the governance mode of the research area, another influencing components of regional 
governance, refers to the extent and nature of involvement of the state and/or non-state actors in 
governing activities (Treib et al. 2005). The vertical hierarchical government regime situates in the 
dominating position, while for the lower governance levels, which have much closer connections to 
local communities and groups, should listen to and involve local communities in the process of 
regional governance. The advocacy and trial of some other governance modes, such as self-
governance or co-governance civil societies, can be a meaningful supplement to the existing 
governance mode in the research area. 

5. Conclusions 
For addressing the regional development dilemma encountered by ESAs in developing countries, 
the ESV based AGM was introduced and applied in the WSA of the MR project in China. Through 
the adoption of this model, the deficiencies and failures of existing regional governance system 
were identified, and portfolio for innovating and reframing the regional governance regime were 
established and performed in a circular diverting process. This model is proved to be a useful tool 
for apprehending the complex regional institution system and facilitating the regional development 
mode transformation towards sustainable fashion. Therefore, this model is suitable to be 
implemented in regions of developing countries, especially ESAs, where encountering the similar 
regional development challenges. 

The innovativeness of this research rests in way that the measurement and assessment of 
ecosystem services is integrated into a wider framework of institutional innovation. Compared with 
traditional proposals for administrative change, the methodology proposed in this study is not 
prescriptive or directive, but rather an approach to influence the direction and speed of 
transformation through a series of steering and coordination mechanism. Since regional 
development transformation in developing countries rest fundamentally on the interplay between 
many different processes (e.g. cultural changes, religious custom, social norms), future efforts for 
improving the ESV based AGM could focus on more comprehensive incorporation of marketing 
and planning mechanisms. 
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Abstract 

Landscape planning based on ecosystem services requires modelling future trends. Scenario 
analysis is a useful technique to identify the current status of ecosystem services supply and to 
investigate the effects of land management decisions. We estimated values of 29 ecosystem 
services indicators derived from five alternative scenarios based on the combination of two 
gradients: agricultural intensification and ecological restoration in the River Piedra floodplain, a 
small agricultural dominated floodplain in Central Spain. In addition, we identified ecosystem 
services bundles and trade-offs using redundancy analysis. Our results clearly showed how land 
management affects ecosystem services supply. Scenarios promoting ecological restoration 
supplied more services than those scenarios focused on specific services. We also found a bundle 
of services related to the production of material goods and another one related to socio-cultural 
activities. Interestingly, these bundles were composed of a mix of ecosystem services from 
different categories. We discuss how different management objectives would benefit from different 
land planning scenarios but suggest an intermediate scenario based on the conservation of 
ecosystem integrity and the sustainable use of provisioning services in order to obtain a more 
balanced provision of a set of ecosystem services from this floodplain.  
Keywords: Agroecosystem, Multifunctional, Management, Restoration, Floodplain. 

 

1. Introduction 
Alternative land use scenarios can be proposed for the development of a rural society based on 
agrarian production (Marsden et al., 2011). However, a sustainable development must ensure long 
term persistence of a balanced provision of food and the services regulating the ecological 
functioning of the agroecosystem, including cultural services if these are a substantial part of the 
living characteristics of rural people (Plieninger et al., 2006).  

Floodplains in rural areas of advanced countries are submitted to strong pressures to provide food 
and raw materials as part of their living system. It is also common that these areas are highly 
depopulated after years of people’s migration to urban sites. This is a common fact in most of the 
world. Alternative scenarios can be foreseen for the development of this type of territories and 
societies which are mostly based on agrarian production (Altieri et al., 1983, Porter et al., 2009).   

The assessment of ecosystem services is a practical tool and approach to evaluate potential 
scenarios for land use of large territories and different types of agroecosystems (Nelson et al., 
2009). Applying the assessment of ecosystem services to agroecosystems makes it evident where 
to allocate efforts to recover damaged sites and stimulate contrasting use of resources as food 
production and cultural land uses (Trabucchi et al., 2013, Felipe-Lucia et al., 2015). On the other 
hand, scenario planning has been quoted as a practical approach and tool to assist decision 
making with respect to alternative land use and cover changes in a territory (Biggs et al., 2007). In 
this work setting up alternative land use and land cover scenarios was used through the evaluation 
of ecosystem services of an agricultural dominated floodplain (River Piedra in Central Spain) in a 
rural landscape to suggest the best strategy for achieving a sustainable development. Most of this 
territory is dedicated to agricultural production but in limiting conditions due to the lack of 
demanding markets and the non-structural population inhabiting the villages which is dominated by 
elder non-qualified people (1,539 persons living in 12 municipalities, 60% of the persons are older 

than 60 years old). 
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2. Methods 
Fifteen ecosystem services were evaluated after ecological, cultural and agrarian proxy indicators 
(Table 1) in the River Piedra floodplain (923 km2 at between 600 and 1,100 m.a.s.l in the Iberian 
Range in Central Spain) during late spring 2013 (Scenario 0) and land cover changes were 
simulated in 4 different scenarios (Scenario 1, conserving natural habitats and restoring degraded 
riparian zones and abandoned agricultural areas; Scenario 2, agricultural production is increased 
by growing dry cereal in abandoned crops of the upper lands and by irrigating both abandoned 
crops and water-fed crops in middle and lower lands; Scenario 3, extending irrigated agriculture in 
less productive fields and restoring degraded riparian zones in the riparian 5 meters aside the river 
banks of public domain) taking the present conditions as reference values of the ecosystem 
services (Felipe-Lucia, 2015); Scenario 4, rural abandonment progresses, so agricultural 
production is limited to present irrigated agriculture and poplar groves. 

  

Table 1. Ecosystem services, indicators and units. (Detailed methods are described in 
Felipe-Lucia et al., 2015). 
 

Type of 
Ecosystem 
Service 

Ecosystem  
Service 

Proxy indicator Unit Method 

Soil stability Organic matter layer cm  Supporting 
Habitat quality Riparian Quality Index RQI*-  

Dissolved organic 
matter 

ppm  

Dissolved nitrate ppm  
Dissolved phosphate ppm  

Water quality 
(water 
purification) 

Suspended solids ppm  
Soil formation Organic matter  kg  

Organic nitrogen kg  Nutrient 
regulation Soluble reactive 

phosphorus 
kg   

Temperature variation °C  Climate regulation 
Moisture variation %  

Pest biological 
control  

Vertical vegetation 
structure 

number  

Regulating 

Carbon 
sequestration 

Carbon sequestration CO2eq  

Gross value €  Food production 
Yield kg  

Provisioning 

Raw materials 
production 

Biomass increase T  

Aesthetic value Picture density items/ha  Cultural 
Recreation Picnic areas density  items/ha  

Cultural 

Environmental Educative panels items/ha  
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education density 
Sport facilities Paths density m/ha  

 

Nature enjoyment Forest cover m2  

*Gonzalez and Garcia (2011).  

3. Results 
In the present conditions, a general lack of service provision is observed in the River Piedra 
floodplain. Low food provision, cultural services accumulated in just one site of the floodplain, and 
very low regulation capacity of the riparian zones are observed compared to those in alternative 
scenarios (Fig. 1) 

                   

                       
   Figure 1. Radial plot representing the relative contribution of ecosystem services for each 
scenario: Sc. 0, blue line, present conditions; Sc. 1, green line, conservation and restoration; Sc. 2, 
red line, intensifying agriculture; Sc. 3, purple line, conservation and production mixture; Sc. 4, 
orange line, land abandonment. Dashed lines indicate different ecosystem services categories 
(clock-wise: supporting, regulating, provisioning and cultural services). 

The redundancy analysis (RDA) showed the relation between ecosystem services across land 
planning scenarios. In all scenarios, more than 90% of the total variance was explained by the first 
three axes, where the first axis contributed to more than 50% of the total variance, and the second 
axis added at least 25% more (Table 2).  

Table 2. Eigenvalues and portion of the accumulated variance attributed to each major 
component after the redundancy analysis (RDA) in the 5 scenarios as in Figure 1.  

     Scenario 0    Scenario 1     Scenario 2     Scenario 3     Scenario 4 

 
PC
1 

PC
2 

PC
3 

PC
1 

PC
2 

PC
3 

PC
1 

PC
2 

PC
3 

PC
1 

PC
2 

PC
3 

PC
1 

PC
2 

PC
3 

Eigenvalue 
8,3
8 

3,9
3 

2,0
0 

8,4
3 

4,6
9 

1,8
7 

8,8
8 

4,2
6 

1,4
6 

8,1
9 

4,6
4 

2,1
5 

9,3
6 

3,8
4 

0,9
9 

Explain 
portion 

0,5
2 

0,2
4 

0,1
2 

0,5
2 

0,2
9 

0,1
1 

0,5
5 

0,2
6 

0,0
9 

0,5
1 

0,2
9 

0,1
3 

0,5
8 

0,2
4 

0,0
6 

Accumulated 
portion 

0,5
2 

0,7
7 

0,8
9 

0,5
2 

0,8
2 

0,9
3 

0,5
5 

0,8
2 

0,9
1 

0,5
1 

0,8
0 

0,9
3 

0,5
8 

0,8
2 

0,8
8 
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We found two ecosystem services bundles consistent across the five scenarios. The first bundle 
was related to the production of material goods and included the services food provision, climate 
regulation (temperature), nutrient regulation (C and N) and biological control. The second bundle 
was related to socio-cultural activities, including all cultural services plus carbon sequestration. 
Also, in scenario 1 (conservation and restoration) and 3 (intensifying agriculture and conservation), 
raw materials were associated to the provision of material goods bundle, and in scenario 2 
(agricultural intensification), the economic indicator of food production (gross value) was related to 
the socio-cultural bundle. 

4. Discussion 
The five scenarios evaluated as potential alternatives for the development of the studied 
agroecosystem show distinctive distributions of ecosystem services. In the present conditions, 
scenario 0, very low regulating services are provided and low cultural services are observed which 
is characteristic of rural areas submitted to high people migration, not efficiently used for food 
production and with low expectancies of development because of non-structural populations. In 
contrast, after extending conservation and restoration of riparian habitats all along the river banks 
results in an outstanding increase of the values of regulating and cultural services but does not 
favour productive services. It is clear that well-structured riparian forests contribute to buffer floods 
and meteorological changes, retain nutrients, and are also attractive sites for recreational activities 
(Stutter et al., 2012) Extending intensive agriculture, scenario 2, increases food production but 
lowers and gives no value to other services. Scenario 3, restoring degraded riparian zones in a belt 
corresponding to the public domain (land aside rives up to the line of the water level during the 
maximum ordinary flood) and extending intensive agriculture to abandoned agricultural fields, 
results in an increase of food provision with respect to the present conditions and also a clear 
increase of many regulating, supporting and cultural services. Finally, scenario 4 (continuing land 
abandonment trends) will provide more raw materials and will increase soil formation during the 
process of land abandonment, including nutrient accumulation in the soil and as the plant 
community develops, but will result in a general decrease of most of the other ecosystem services 
(Fig. 1). 

These results show the potential to keep a balanced provision of ecosystem services, including 
food and raw materials, if a combination of productive land uses and conservation and restoration 
of degraded sites is planned. This can be the way to orientate societies in rural areas towards 
sustainable development because they don’t have the control of the decision making process 
about use of the natural resources due to their non-structured populations and low technical 
capacity (Plieninger et al., 2006). Intensifying a land use to obtain just one or a few ecosystem 
services decreases the provision of other services as they all are part of the nature network. This 
last strategy is not the adequate to be incorporated as part of a sustainable development plan for 
agrarian based socio-ecological systems in rural areas which are, usually, made of a high 
proportion of old people with low potential to incorporate young persons to their societies (Vos and 
Meekes, 1999 ). 

Scenario planning has been used successfully in a range of contexts (Costanza et al., 2015). 
Using it combined with ecosystem services assessment results in a practical tool to guide taking 
decisions about land use and cover changes under the perspective of sustainable development for 
rural territories. 

5. Conclusions 
Scenario planning based on the evaluation of ecosystem services is a valuable approach to 
orientate socio-ecological systems in rural areas towards sustainable development. A combination 
of conservation and restoration of degraded habitats and intensification of highly productive 
agricultural fields provides a more equitable balance of ecosystem services in floodplains of rivers 
in rural areas than other alternative scenarios as just extending agricultural uses or intensifying 
conservation and restoration of degraded sites. 
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Abstract 
The concept of ecosystem services (ES) has been growing in research and policy agendas both in 
dissemination and implementation. This has been seen as an attempt to call attention for the 
importance of the ecosystems and also to promote their conservation and protection, which is 
essential for a successful sustainable development. The intensification of the use of this concept 
calls for new approaches capable of integrating ES values in decision-making. Starting from the 
focal question “how to foster the integration and articulation of multiple values of ES to inform 
decision-making?” we developed a three-step participatory framework, which is being tested in 
Arrábida Natural Park, a Portuguese coastal and marine protected area. The process starts with 
setting the scene, where we developed a methodology to implement a collaborative scoping 
process, which should be a first step when conducting a valuation and assessment process of ES. 
We combine an institutional and stakeholder analysis that allowed to identify key stakeholders, 
their interdependencies and institutional rules governing the area. A first participatory workshop 
gathered 21 participants engaged in a process of ES identification, recognition of threats and links 
to human wellbeing, as well as a preliminary screening of the social, economic and ecological 
importance of the identified ES. Results from this step were validated through an online survey.  
The second step aims to develop a deepening understanding through a participatory process to 
promote sharing and co-production of knowledge regarding the structure underlying the provision 
of a sustainable flow of specific ES. A participatory systems mapping workshop was organized 
gathering 20 participants who jointly developed causal loop diagrams depicting four ES perceived 
as highly important for the natural park –  ecotourism, food provision, climate regulation, and 
biodiversity. These conceptual maps systematized knowledge on key indicators, leverage points, 
feedback loops and interrelationships influencing conservation of ES. The process ends 
articulating values, which is the third step. This phase was already implemented with the 
collaboration of the park management team. A participatory workshop was developed aiming to 
articulate the different ES values captured in the previous steps. The participants were asked to 
deliberate on social, biophysical and economic criteria associated to different alternative policies 
for the protected area, as well as, the rules for decision. The proposed framework intends to foster 
value articulation for decision-making support based on the integration of participatory methods 
and tools, implemented through a coherent and structured platform. The proposed deliberative 
approach creates the opportunity to accommodate scientific data together with plural stakeholder 
perceptions, thus supporting evidence and stakeholder-based assessments for management of 
ES. 

Keywords: ecosystem services, values articulation, participatory workshops, tools and methods 
integration 
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Abstract 
Hydropower is important for provisioning of renewable energy, but the ecological effects to 
watersheds and rivers used for hydro-electrical production has gained increased attention in recent 
years. Concerns in connection to small-scale hydropower plants are particularly pointed out, as 
small plants causes several issues for aquatic biodiversity while the energy output remains limited. 
Hydropower dams poses as migration barriers, e.g. limiting reproduction of migratory fish; the flow 
regulation regimes disturbs the natural seasonal flows and damages bottom fauna; and rivers 
adapted to hydropower have altered biotic factors removing entire ecosystems, such as seasonally 
flooded wetlands. Projects to mitigate such impacts while maintaining hydro-electrical production 
are presently discussed and in some cases start to be undertaken. One such project is planned in 
river Billstaån, Sweden, affected by three small-scale hydropower plants and historically also by 
timber floating. The main measures in the ecological restoration process include construction of 
fauna passages, deconstruction of an unused reservoir and reintroduction of freshwater pearl 
mussels. The restoration project is carried out by the company owning the hydropower plants in 
Billstaån, in a joint effort including local authorities and stakeholders, to benefit local biodiversity 
and strengthen the ecological status of Billstaån towards the European Water Framework 
Directive. In this study, the expected outcomes of the Billstaån river restoration project has been 
assessed in terms of ecosystem services. Note that ecosystem services were not considered in 
the project planning of the restoration project itself, but were suggested for later monitoring efforts 
and for enabling inclusion of indicators of economic and social development connected to the 
restoration results. As ecosystem services describe the value of ecosystems through their 
interaction with society, this is done to complement ecological monitoring with effects on human 
residents in the area. Two frameworks for ecosystem service assessment have been tested: 
Corporate Ecosystem Service Review (ESR) and Toolkit for Ecosystem Service Site-based 
Assessment (TESSA). Both frameworks have been useful for assessing the expected 
development of Billstaån, but each of them have specific limitations. While ESR was good for 
qualitative scoping and defining important ecosystem services, the corporate focus made the later 
steps of the ESR framework hard to implement in this type of case. TESSA worked well for 
providing tools for quantitative assessment, but at present the number of services covered by the 
toolkit was limited. This indicates that different methods for ecosystem service assessment provide 
different levels of understanding of the assessed system. The two frameworks used to assess 
Billstaån do complement each other in terms of scope, but combined they point at gaps in 
coverage. This study has shown that ecosystem service assessment provides a complementary 
perspective of the value of increasing ecological status in rivers affected by small-scale 
hydropower, but also that the ecosystem services methodology needs further development for this 
type of case.  

Keywords: ecosystem service assessment, hydropower, ecological restoration, Corporate 
Ecosystem Service Review, Toolkit for Ecosystem Service Site-bases Assessment 

1. Introduction 
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1.1. Ecosystem services 
Ecosystem services are ecosystem functions used by humans, including harvestable goods as 
well as softer values connected to nature as base for recreation and culture, along with underlying 
processes for ecosystem maintenance and regeneration (MEA, 2005; TEEB, 2010; Fakari Rad et 
al., 2012). The ecosystem service concept thus interprets more benefits from nature than those 
commonly considered as natural resources. Through describing more of the links between 
ecosystems and human society more of the needs and demands on nature for human well-being 
can be understood. In the last decade ecosystem services have been academically explored as 
well as integrated into decision making and policy development on all levels (Gomez-Baggethun et 
al., 2010). 

The European Environment Agency has proposed a nomenclature for Ecosystem Services, 
CICES, dividing them into three sections of services, namely: provisioning services, including 
water and material supply; regulating and maintenance services, including natural processes and 
flows affecting the balance of the ecosystems, and; cultural services, including human experience 
and perceptions of nature (CICES, 2013). According to other systems there is also an additional 
category of supporting services, including e.g. habitat services, underlying all other services (MEA, 
2005; TEEB, 2010).  In CICES such supporting services are considered as part of the underlying 
structure for the ecosystems, which cannot be directly used or consumed but are part of the 
ecosystem supply for ecosystem services. Since supporting services are not final outputs from the 
ecosystems, CICES excludes them and considers them better dealt with using other methods, e.g. 
environmental accounting. 

1.2. The ecological restoration project in Billstaån 

The river Billstaån is a water course situated in Jämtland County, Sweden. The river connects the 
lake Näkten with the lake Storsjön, see Figure 1. The area is a cultural landscape with ancient 
remains of human settlements since the Iron Age (Swedish National Heritage Board, 2016). 
Billstaån is a water course about 4.4 km long (Länsstyrelsen Jämtlands län, 2012) with an average 
flow speed of 4 m3/s (Jämtkraft AB, 2015a).  Today the main human use of river Billstaån is as 
provider of hydropower for electric production, which causes several ecological issues and limts 
e.g. recreational fishing.  

The ecological status of Billstaån is considered as poor under the classification in the EU Water 
Framework Directive (2000/60/EC), representing the second lowest grade on a five graded scale 
where only the two highest steps, high and good, are in line with the framework goals (European 
Commission, 2015). The main environmental issues are the existing migration barriers, deficient 
continuity, and effects from the flow regulation (VISS, 2015; Länsstyrelsen Jämtlands län, 2012). 
These issues limit the value of river Billstaån as habitat for e.g. brown trout (Salmo trutta) despite a 
high habitat potential in terms of water quality, stream properties, etc. (Jämtkraft AB, 2015b). 

To improve the ecological status an ecological restoration project will be performed in river 
Billstaån (Jämtkraft, 2015a).  The restoration project is conducted by Jämtkraft AB, the owner of 
the three hydropower plants in Billstaån; the County Administrative Board in Jämtland; and local 
stakeholders, including the local municipality (Bergs municipality) and the fishing management 
organisations in the lakes connected to river Billstaån.  
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The river restoration project is part of the Triple Lakes program, a watershed management 
program including lake Näkten and two other nearby lakes. Triple Lakes works to address both 
historical and current environmental impacts so that the characteristic ecosystems of the three 
lakes can be better maintained in the face of global warming (LIFE, 2015; Triple Lakes, 2015). The 
main restorative measures in Billstaån includes construction of fauna passages at three of the 
dams in the river (see Figure 1), deconstruction of an unused dam restoring, a current lake-like 
area to streaming water, and reintroduction of freshwater pearl mussels (Margaritifera 
margaritifera).  

Currently there are three small-scale hydropower plants situated in Billstaån, generating 
approximately 6.5 GWh a year (Jämtkraft AB, 2015c ). There is a migratory brown trout population 
in Billstaån with good genetic status, which makes it plausible their spread will increase if the 
migration barriers can be removed. Due to topography and area limits to the construction sites 
available, traditional fish ladders have been deemed less efficient in connection to the hydropower 
dams included in the project (Jämtkraft AB, 2015a). Hence three fauna passages in the form of 
bypass channels are planned, since they enable migration for more aquatic species than just 
jumping migratory fish and fit better into the locality in Billstaån. Another benefit of bypass 
channels is that they are less demanding in terms of maintenance compared to fish ladders. 
Bypass channels are constructed to mimic smaller streams than the main water course and are 
less steep than fish ladders, making them available as migration routes for more species of fish 
and  insects (Nöbelin, 2014). This type of fauna passages is also considered more interesting for 
Billstaån as it generates new aquatic environments and extended habitat areas, which gives 
substantially higher benefits to biodiversity compared to fish ladders. 

One dam will be demolished in the restoration project which means lowering the present water 
levels in the currently dammed area in Ävjan (see Figure 1) by 2.5 m and affecting stream 
conditions and restoring about 300 m of river habitat.  

The project also includes the reintroduction of freshwater pearl mussel, to be seen as bringing 
back a native species to the river. The freshwater pearl mussel is an indicator species for the 
Swedish national environmental goal Flourishing lakes and streams and  

A rich diversity of plant and animal life (Naturvårdsverket, 2015a; Naturvårdsverket, 2015b). 

Figure 18. Map of river Billstaån and the planned restoration measures. The flow direction is from the 
right of the map, where lake Näkten is, to left of the map where the outlet in lake Storsjön is. 
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Freshwater pearl mussels are documented as beneficial for wild brown trout populations and river 
ecosystems in general as they provide properties of water purification through their water filtration 
and are considered an umbrella species (Degerman et al., 2009; Smith and Jepsen, 2008). 
Pseudo faeces from mussels provide nutrients for algae and detritus eaters, indirectly providing 
more sustenance for fish and other organisms eating invertebrates (Degerman et al., 2009; Smith 
and Jepsen, 2008).  

Additional efforts to remove migration barriers connected to culverts, restoring waterways and 
breeding grounds (e.g. by moving back boulders removed to facilitate historical timber floating), 
reducing sludge and nutrient transport, and strengthening endangered species will also be 
undertaken. To safeguard the Natura 2000 area of lake Näkten upstream the river, a partial 
migration barrier will be fortified to limit spread of planted Arctic char (Salvelinus alpinus), as well 
as diseases, from lake Storsjön downstream. This will allow migrating fish to migrate upstream to 
spawn, but not spread into lake Näkten and endanger its valuable habitat environment. After the 
restoration Billstaån is expected to be a Natura 2000 site. Based on information from both 
Jämtkraft AB and the County Administrative Board in Jämtland the ecological restoration efforts in 
Billstaån are expected to have both economic and social impact on the rural area where Billstaån 
is situated. This is connected to the high recreational fishing interest in brown trout, as well as a 
general need for rural development in the area. 

1.3. Assessing ecosystem services	

Two ecosystem service assessment frameworks were applied to the restoration project of river 
Billstaån: Corporate Ecosystem Service Review (ESR) and Toolkit for Ecosystem Service Site-
based Assessment (TESSA). ESR was used to assess the expected restoration effects on 
ecosystem services provided by river Billstaån based in initial scoping and qualitative analysis, and 
for defining important services to consider in monitoring efforts and further assessment attempts. 
TESSA was used to assess some services quantitatively, towards monetary values, and introduce 
scenario thinking towards exploring the possible alternate state of river Billstaån after the 
restoration has been carried out. 

 

The purpose of this report is to assemble the impressions of the frameworks for contrasting what 
ecosystem services have been assessed, the types of results achieved and the functionality of the 
frameworks for assessing the Billstaån case.  

2. Methods 
Corporate Ecosystem Service Review (ESR) and Toolkit for Ecosystem Service Site-based 
Assessment (TESSA) were chosen as methodological frameworks for assessing impact on 
ecosystem services from the ecological restoration of river Billstaån. As neither of these two 
frameworks are meant to assess ecological restoration efforts adjustments and alternations to their 
standard procedures were made to better fit the Billstaån case and the methodological choices are 
further described in this section.  

2.1. Corporate Ecosystem Service Review, ESR 
To conduct an initial assessment of the expected effects on ecosystem services from the 
restoration ESR was used, applying the first and second step of the framework to determine a 
study scope and generate an inventory of ecosystem services impacted by the restoration and 
defining ecosystem services important for the restoration outcome. ESR has been deemed 
feasible for immediate widespread use as a screening tool suitable for scoping assessments prior 
to more detailed studies (Bagstad et al., 2013), as well as suggested as a good starting point for 
exploration of ecosystem services and their relation to business performance (WBCSD, 2013). The 
requirements on expertise and input data for ESR are relatively low, being mainly user-based; 
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accessible from internal company knowledge, or being relatively easy to access in published 
research. ESR was thus considered as a good choice for assessing the ecological restoration in 
Billstaån, even though Jämtkraft AB is not the only stakeholder in the project. 

ESR is developed for assessing dependence and impact on ecosystem services from an activity, 
directed towards the business world (Hanson et al., 2012; WBCSD, 2013). The assessment is 
qualitative and defines priority services, which are further investigated towards business planning 
and company policy making to limit unsustainable use of resources and benefit marketing, etc. 
ESR defines priority services based on connections to business results but as the focus of 
assessing Billstaån was the expected restoration outcomes, the weighting to define important 
services was instead based on future monitoring interest and possibilities for monetary valuation of 
services (Tellström, 2015). While assessing the river restoration the later steps of ESR, directed 
towards concrete business operations, were not included as they were not relevant for the 
restoration setting. 

The ESR assessment was conducted within a system boundary including the water body and 100 
m from shoreline (Tellström, 2015), based on Swedish shoreline protection legislation (Swedish 
Environmental Code, 2009:532). This area represents the area where restoration measures will 
take place and ecosystem services directly related to the river are present, including some 
parameters from the surrounding landscape while maintaining focus on the river ecosystem. The 
option to review the river catchment area was discussed, as that level is sometimes suggested as 
most accurate for investigating water habitats, but it was dismissed as the restoration measures 
will only have direct impacts on a local level. 

2.2. Toolkit for Ecosystem Service Site-based Assessment, TESSA 

TESSA was used to quantify values on some ecosystem services in connection to the restoration 
and to start exploring the future alternate state of Billstaån as a restored river. TESSA is intended 
for assessment of sites important for biodiversity, under threat from exploitation, to provide material 
that can inform decision makers and impact development plans (Peh et al., 2013; Peh et al., 2014). 
The framework includes a number of services commonly interesting and important for such cases. 
The method was used as it might have been used on a consultant basis. The time limit was set to 
three weeks. Time, available data and laboratory resources at Mid Sweden University gave which 
methods that were used out of the available ones in the TESSA toolkit. Nine of the 27 
methodologies in the framework were used, several of them being slightly altered to better suit the 
setting and information available for the site in Billstaån (further details in Tellström, 2016). Material 
from the restoration project funding application was used as a basis for collecting information and 
was further complemented with literature studies, field measurements, and interviews with 
stakeholders directly involved in the restoration project as well as stakeholders in the local vicinity 
of Billstaån.   

2.3. Scope: Assessed ecosystem services 
The ESR assessment of Billstaån included the 29 ESR framework standard services, covering 
provisioning, regulating, cultural and supporting services. Two additional services were added due 
to importance in the restoration setting: energy provisioning, to be able to indicate the importance 
of the current hydro-electrical production taking place in Billstaån; and recreational fishing, to 
directly address the fishing interest used as a main argument for the restoration efforts and not 
only include it as one of many activities included in the ESR service recreation and ecotourism 
(Tellström, 2015). Energy provisioning is not commonly considered as an ecosystem service, e.g. 
in CICES it is included as a benefit that can be acquired from ecosystem but requires input from 
technical inventions for extraction (Turkelbloom et al., 2014), but it was added within the frame of 
ESR to represent the business interests of Jämtkraft AB. In the TESSA assessment of Billstaån, 
ecosystem services connected to global climate regulation, water, wild goods and nature-based 
recreation were included. Data on carbon storage, water quality, flood protection, timber value, 
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visitor numbers and visitor interests were collected and assessed (Tellström, 2016). Services 
included in TESSA but not assessed for Billstaån are found in the TESSA categories cultivated 
goods and harvested wild goods, which were hard to assess due to the small size of the assessed 
area and lacking information. 

As further described in Table 1 the two assessment frameworks have some overlap in terms of 
assessed ecosystem services, but all services were not directly transferrable between the 
frameworks.  

Table 1. Ecosystem services included in ESR and TESSA, respectively, and notation on what services were 
included in this study and assessed by both frameworks. 

Ecosystem services assessed in the 
ESR of the restoration in river 
Billstaån 

Corresponding ecosystem service 
category in TESSA 

Services included 
and assessed by 
both frameworks  

Crops Cultivated goods  

Livestock Cultivated goods  

Capture fisheries Harvested wild goods  

Aquaculture Cultivated goods  

Wild foods Harvested wild goods  

Timber and other wood fibres Cultivated goods / Harvested wild goods Yes 

Fibres and resins Cultivated goods / Harvested wild goods  

Animal skins Cultivated goods / Harvested wild goods  

Sand Harvested wild goods  

Ornamental resources Cultivated goods / Harvested wild goods  

Biomass fuels Cultivated goods / Harvested wild goods  

Freshwater Water-related services Yes 

Genetic resources -  

Biochemicals, natural medicines, and 
pharmaceuticals  

Cultivated goods / Harvested wild goods  

Maintenance of air quality -  

Global climate regulation Global climate regulation Yes 

Regional/local climate regulation -  

Regulation of water timing and flows Water-related services Yes 

Erosion control -  

Water purification and waste treatment Water-related services Yes 

Disease mitigation -  

Maintenance of soil quality -  

Pest mitigation -  

Pollination -  

Natural hazard mitigation -  

Recreation and ecotourism Nature-based recreation Yes 

Ethical and spiritual values Nature-based recreation Yes 

Educational and inspirational values Nature-based recreation Yes 

Habitat -  
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Energy provisioning -  

Recreational fishing Nature-based recreation Yes 

3. Results 

3.1. Assessment of restoration project efforts in terms of ecosystem services	
Two frameworks for ecosystem service assessment have been tested: Corporate Ecosystem 
Service Review (ESR) and Toolkit for Ecosystem Service Site-based Assessment (TESSA). Both 
frameworks have been useful for assessing the expected development of Billstaån, but each of 
them have specific limitations. While ESR was good for qualitative scoping and defining important 
ecosystem services, the corporate focus made the later steps of the ESR framework hard to 
implement in this type of case. TESSA worked well for providing tools for quantitative assessment, 
but at present the number of services covered by the toolkit was limited.  

Table 2 gives a summary of the results from the ESR and the TESSA assessments of the river 
Billstaån restoration project, including priority services identified in ESR and the selected services 
assessed by TESSA. Full results can be found in the two assessment reports, concerning ESR 
and TESSA, respectively (Tellström, 2015; Tellström, 2016). As can be seen in Table 2, only four 
services could be assessed from qualitative information in ESR into monetary values endpoints 
using TESSA tools. This was partly because TESSA did not provide assessment methodologies 
for all ESR priority services. The present toolkit for water-related services covered by TESSA does 
not include methodologies that generate results that can be transferred into monetary values. 

The four services that was possible to follow through the table (both assessing their qualitative 
importance for the project and giving approximate monetary values of their potential change) was 
timber and wood fibres, global climate regulation, recreation and ecotourism, and recreational 
fishing. Out of these, only the recreational services were considered as a priority service in ESR. 
Out of the services assessed by TESSA, freshwater was also a priority service in ESR, but the 
measurements on water quality was not transferable into a monetary value. Thus, we could identify 
that that TESSA at the time of this assessment did not cover all services suggested as priority 
services by the ESR assessment.  

When applied in the assessment settings of the restoration of river Billstaån, ESR was found 
basically to process existing internal knowledge and complement it with general research, while 
TESSA addressed collection of external information from e.g. site measurements and stakeholders 
outside the assessors group. Compared to TESSA, ESR provided a greater opportunity for 
capturing the importance of factors which had not been considered earlier (and transfer them into 
ecosystem services) by initially suggesting inclusion of a large number of services into the 
assessment. TESSA, on the other hand, provided a more developed methodological basis which 
could be directly transferred into monitoring of ecosystem service development at the site, after the 
restoration has been finished. The TESSA alternate state perspective also supports to consider 
and to present expected restoration outcomes in a more structured way than from working with 
ESR. 

3.2. Observations on usability of the frameworks		
In the ESR assessment several issues related to the framework scope emerged during the study, 
partly relating to how the restoration project is not company-owned and includes stakeholders with 
low direct economic interest in the outcome (but are more aligned towards ecological and possible 
social benefits). The ownership situation was known in advance, but was not considered as the 
obstacle it turned out to be.  As a tool for initial ecosystem services assessment ESR helped in the 
process of starting the translation of expected restoration outcomes into ecosystem services 
thinking, but the strong business focus in ESR led to final results that do not apply to the 

information needs in an ecological restoration context. Choice of assessment perspective for 
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the ESR turned out to be a challenge, indicating how both dependency and impact related to 
ecosystem services and such analysis depends on both timeframe and scale considered (in turn 
depending on the viewpoints of  the assessor/s). Another problem encountered due to the strict 
form of working with the ESR impact matrix is how some services could not attain a priority service 
status due to gaps in knowledge, posing as risk factors in projects at this scale. Relating to this is 
the difficulty in knowing when the ESR impact matrix could be considered complete in terms of 
information quality, indicating a need for internal as well as external knowledge connected to the 
assessed activity. 

TESSA is meant for application in areas threatened by exploitation, which is not the case for river 
Billstaån as the intent behind ecological restoration is to directly enhance and fortify biodiversity. 
As such, for the Billstaån case, this made some of the TESSA process and guidelines less obvious 
in terms of interpretation. The reversed approach in terms of expected development for the 
assessed site also indicated how it generally is much harder to establish gains from changes to an 
ecosystem than valuing the losses from removed ecosystem services. Describing the alternate 
scenario thus turned out more speculatively than expected, suggesting some limitation for such 
efforts when applied to cases outside the scope suggested by TESSA.   

As the TESSA toolkit does not include support to weigh the importance of the ecosystem services 
included in the framework methodology compared to other services in the ecosystem as a whole, 
the relevance of the assessment results compared to the total ecosystem service output from the 
system was hard to establish. This became evident since the ESR, covering a larger number of 
services, had been done and most of the services pointed out as important by ESR was not 
included in TESSA. Furthermore, this indicates assessments based on TESSA alone can have 
problems to determine if the assessed services are the services most relevant for the investigated 
site, its beneficiaries and the prospected development. TESSA is still very usable for making an 
assessment of some values on the certain ecosystem services included in the framework and for 
capturing the alternate state as a future scenario for the investigated site. 

4. Discussion 

The ESR and TESSA frameworks differs both in terms of number of ecosystem services assessed 
and how they are categorised. ESR is based on the nomenclature used in the Millennium 
Ecosystem Assessment, while TESSA divides ecosystem services into categories based on types 
of services that can be assessed using similar methodologies. ESR aims to sort available 
information into the ecosystem service concept and to provide an overview of plausible impacts 
from an activity on ecosystem services. TESSA is more focused on making measurements on site 
and collect quantifiable data directly from stakeholders. These differences give different levels of 
ambition driving the information collection processes and for necessary structure of such efforts, 
even though both ESR and TESSA are intended for use by non-experts in ecosystem service 
assessment. 

The results of this study indicate that ESR and TESSA mainly are suitable for different types of 
assessment goals. In an ecological restoration setting, as the project in river Billstaån, neither of 
them provided all the information desired. By combining ESR and TESSA an overview of expected 
restoration impact on ecosystem services and more detailed studies on certain services could be 
managed. It should be noted that in another case the services covered by TESSA could have been 
more the same services as the ESR priority services making the quantitative assessment from 
TESSA more interesting.  

Table 2. Total ecosystem service assessment efforts towards describing the expected ecological restoration 
outcomes in river Billstaån as ecosystem service effects.  
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The importance of the services that presently are not covered by tools in TESSA would have been 

less evident if the ESR had not been carried out. The results of the total effort for assessing 
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restoration outcomes as ecosystem services in the Billstaån case show how a combination of ESR 
and TESSA can provide deeper understanding of ecosystem service assessment results, in terms 
of interpretation, and how ecosystem service impact can be presented in different manners 
towards various interested parties. 

Ecosystem service assessment seems to be potentially useful in terms of considering impact for 
more stakeholders and adding socio-economic factors to what is considered as the total 
restoration project results. Through this departing from common ecological monitoring it is also 
possible to increase and expand communication of restoration results to include material more 
easily approached by various stakeholders and decision makers. It has thus been proved how 
ecosystem service thinking generates new information that gives a more balanced picture of the 
planned activities in terms of restoration effects on the river ecosystem while including people as 
beneficiaries in addition to biodiversity in general. A main use for the assessment results probably 
will be in future communication of the restoration outcome and in relation to monitoring the 
restoration impact on the local area. 

ESR and TESSA address different issues, sustainable business development and sustainable land 
use respectively. Put together the assembled results provide an interesting scale in terms of the 
various levels of investigation, intended uses and possible future application for the ecosystem 
service concept. Both ESR and TESSA provided new information for the restoration project in 
Billstaån, but not in a way directly transferrable into operational practice within the project. ESR 
contains steps for business planning, but those steps were not pursued due to no direct business 
motivation for the restoration. TESSA contains sections on how to present assessment results to 
decision makers, but as the decision makers in the Billstaån case already have decided to do 
something capturing the usability of the assessment results is more complex. The results this far is 
thus a complementary part of analysing the expected restoration impact, which could be further 
developed into direct actions included in the restoration to improve its performance in ecological as 
well as socio-economic terms. Further research efforts can be directed towards how the 
assessment results from ESR and TESSA can be presented and integrated in the restoration of 
river Billstaån for the benefit of the assessed area. 

5. Conclusions 

Hydropower is important for provisioning of energy, but the ecological effects to watersheds and 
rivers used for hydro-electrical production has gained increased attention in recent years. Projects 
to mitigate such impacts while maintaining hydro-electrical production are presently discussed. 
One such project is planned in river Billstaån, Sweden. 

By assessing the expected outcomes of the restoration of river Billstaån as ecosystem services 
knowledge about the restoration impact has been transferred into the ecosystem service concept. 
The two frameworks used, ESR and TESSA, was manageable for arranging already existing 
information about the restoration project into ecosystem services as well as collecting new 
information to estimate some service values. Both ESR and TESSA provided interesting results, 
but both frameworks also lacked inclusion of important factors in the ecological restoration setting.  

ESR was used to get an overview of ecosystem services in relation to the expected restoration 
outcomes and for identification of five priority services, having high impact on the restoration 
outcomes as well as having high dependence on the service to achieve the desired results. As the 
restoration of Billstaån is outside the business focus of the ESR framework, several of the later 
steps in ESR were not applicable. 

TESSA worked well for providing tools for quantitative assessment, and some TESSA results 
could be translated to monetary values, but at present the number of services covered by the 
toolkit was limited. TESSA included no tools to assess if the services covered in the framework are 
the most relevant for the investigated site. Several of the ecosystem services indicated as priority 
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services for the Billstaån case by ESR was not covered by TESSA. It is possible that in other 
cases the identified priority services could align better with the services covered in TESSA.  

Both frameworks indicate that negative impacts on the ecological status of river Billstaån can be 
mitigated by the restoration measures as studied when using the concept of ecosystem services. 
The estimated monetary values from TESSA indicate that at least at society level there actually is 
a pay-back time for the river Billstaån restoration project, meaning the project is not solely a cost to 
achieve better ecological standard in the river. 

This study has shown that ecosystem service assessment provides a complementary perspective 
of the value of increasing ecological status in rivers affected by small-scale hydropower, but also 
that the ecosystem services methodology needs further development for this type of case. 
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Abstract 

Open mining is one of anthropogenic disturbance in tropical forest ecosystem that drastically 
leading on land degradation and damages. Rehabilitation of extremly degraded areas in post 
open-mining through re-vegetation by fast growing species is expected to speedly recovering the 
organic-carbon stocks and their cycles. The purposes of the study were to measuring 1) carbon 
stock in the aboveground biomass, understorey, forest floor, and soil; 2) CO2 emissions of soil 
respiration. The study was conducted in the coal mine concession area of PT. Berau Coal, at Site 
Binungan in Berau, East Kalimantan, Indonesia in September to October 2014. Data were 
collected from 10 plots that representing the ecosystem dynamics of coal mining land, consist of: 
secondary forest, degraded forest; non-active mining pits; backfilling post-mining; re-vegetation 
forests of the stands of 2 years-old Johar (Senna Siamea); 1, 3 and 7 years-old of Sengon 
(Paraserianthes falcataria); mixed forest of 7 years-old of Sengon (Paraserianthes falcataria) and 3 
years-old of meranti (Shorea sp.), and mixed forest of 9 years-old of mangim (Acacia mangium) + 
2.6 years-old Shorea sp. Allometric method was used to calculate the aboveground biomass and 
their carbon stocks. Destructive method was used to obtain the biomass of understorey, litters, and 
soil organic carbon. CO2 emissions of soil respiration were measured using method of dynamic 
closed-box with IRGA type EGM 4 PP Systems. Re-vegetation by fast growing species of Acacia 
mangium until the age of 9 years-old showed that carbon stocks at aboveground biomass was 45 
Mg C.ha-1, that getting closer to the former stock at secondary forests (74.1 Mg C.ha-1). 
Revegetation by fast growing plantation forest (1 to 9 years-old)  had the total carbon stocks about 
0.19 to 0.95 Mg C.ha-1. Litters in the 1 to 9 years-old re-vegetation forest floor stored 0.12 to 4.97 
Mg C.ha-1. Soil organic carbon in the secondary natural forest which previously was 28.5 Mg.ha-1 
decreased to 4.3 Mg.ha-1 due to forest-clearing and open pit coal mining, but, gradually increased 
again to 23.2 Mg.ha-1 after 9 years revegetation of Acacia mangium plantation. The high 
production of CO2 from soil respiration of 1,173 mg CO2 m-2h-1 occurred in the secondary forests, 
but decreased to 583.3 mg CO2 m-2h-1 since the backfilling process. Nevertheles, soil respiration 
rate increased along with re-vegetation ages, with the highest rate (1,334 mg CO2 m-2h-1) at the 7-
year-old of N-fixer species of Paraserianthes falcataria, because of high quality organic matter and 
higher microbial activities. Environmental restoration in open coal mining areas through re-
vegetation by fast growing plantation will restore their  carbon stocks and carbon dynamic, nearly 
similar to their former secondary forest conditions. 

Keywords: global carbon change, open coal mining, revegetation, soil CO2 emissions, tropical 
forest. 

 

1. Introduction 
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Coal mines become one of anthropogenic disturbance on tropical forest ecosystem drastically 
leading on land degradation and damage. It is the impact of coal exploitation process using surface 
mining method by dismantling the vegetation, soil and rock. These activities includes the change of 
landscape, the change and loss of the stands structure, the increase of greenhouse gases, the 
decrease in soil productivity due to changes in the nature and condition of the physical, chemical 
and biological properties of soil such as the decrease of soil pH and the increase of soil solubility of 
heavy metals (Uchijima, 1991 in Kobayashi, 2004; Widyati, 2009; Ussiri et al., 2014). 
Environmental damage may be worse as post-mining land left opened without any restoration and 
rehabilitation efforts.    

Deforestation due to mining also raises carbon emissions of greenhouse gases such as carbon 
dioxide. Related to the issue of global warming and climate change, land clearing and conversion 
to mining would surely become the spotlight of the world. Mining causes a change in the balance 
of the natural carbon cycle as it accelerates the dismantle of carbon sinks into the atmosphere 
from fossil fuel and terrestrial biosphere reservoirs in the form of organic compounds in vegetation, 
aboveground and soil residual organic matter biomass (Rustad et al., 2000; Raich and Tufekcioglu, 
2000). 

The considered issue of climate change and global warming related to coal mine is an attempt of 
reclamation/restoration of post-mining environment through rehabilitation and revegetation which 
able to increase carbon stocks and reduce terrestrial ecosystem carbon emissions as payoff of 
carbon emissions from mining activities. Meanwhile, the information on emissions and carbon 
sequestration in post-mining activities has not been known entirely. Therefore, a study on carbon 
cycle and the factors controlling the emission of various patterns of post-mining rehabilitation is 
needed. The result is expected to provide a guide for post-mining reclamation, rehabilitation, and 
revegetation aligned with the reduction of CO2 emissions. 

This study aimed to compare soil carbon emissions of various terrestrial ecosystems in the coal 
mine area; and to measure the carbon balance of terrestrial ecosystems in the coal mining area at 
tropical region. 

2. Methods 
The study was conducted on 25 September – 5 October 2014 in the coal mine concession PT. 
Berau Coal Site Binungan in Sambaliung, Berau District, East Kalimantan (1020 35’ 02’’ – 1020 37’ 
03’’ east longitude and 030 53’ 35’’ – 030 55’ 37’’ north latitude). The precipitation analysis in 
Januari 2000 - Desember 2012 indicated Type B climate. The annual mean precipitation of 2,134 
mm/year, the highest was in 2010 of 3,725 mm/year and the lowest was in 2004 of 1,253 mm/year. 

 Data were collected from 10 plots representing the terrestrial ecosystem dynamics in the coal 
mine areas are: HD0 (secondary forest); HT0 (post-clearing forest); HT1 (non-active post-mining 
forest); HT2 (backfilling post-mining forest); HJ2 (2-year-old johar revegetation forest); HS1 (1-
year-old sengon revegetation forest); HS3 (3-year-old sengon revegetation forest); HS7 (7-year-old 
sengon revegetation forest); HS9 (9-year-old sengon + 2.8-year-old meranti revegetation forest); 
and HM9 (9 year-old acacia mangium + 2.6-year-old meranti revegetation forest). 

Each plot was established in each observed ecosystem purposively. The site is determined after 
the survey of observed ecosystem type throughout the mining concession therefore the plot can 
represent the condition of various ecosystems. 

Measurement of soil carbon dioxide emission rate was conducted by sample plot establishment of  
50 cm x 50 cm quadrant of 5 replicates in a systematic sampling within each unit plot. Carbon 
dioxide emission was calculated after the removal of understorey on forest floor by using chamber 
of diameter of 31.4 cm and height of 15 cm connected to IRGA model EGM-4 PP System. CO2 
efflux was measured and recorded for 2 minutes with interval 20 seconds. Measurement of CO2 

emission acceleration was conducted five sub-sampling in a plot unit and each sub sampling 
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was conducted 3 repetitions. To analyze data of IRGA, by using the equation as follows 
(Tagesson, 2006): 

F = (∆C/∆T) * V-1 * ρ * 3600 *A-1 
Description: F= Flux/emission CO2 of soil (mg CO2.m-2.hour-1); ∆C/∆T= CO2 efflux of soil/time 
interval during observation (µ mol.mol-1.detik-1);V= volume of chamber (m3); ρ= CO2 density 
(1,9638 kg.m-3) calculated based on 1 mol CO2  of 44.01 kg in volume of 22.41 m3 in STP; 3600=  
1 hour in seconds; A=  chamber area (m2).  

The carbon balance presented in this study solely based on carbon stocks of carbon reservoir 
(stands, understorey, litter and soil) (the method is not presented here), the distribution of carbon 
reservoirs and carbon released through soil respiration in forest ecosystems in the coal mining 
concession. 

Results of the observation presented in descriptive quantitative. Analysis of the data used the 
software of Microsoft Office Excel 2007 with data tabulation and calculation in the form of tables 
and graphs. 

3. Results 

 
Figure 1.  Mean of CO2 emission on the surface of the soil at the period of 9:30 am to 1:00 pm 
in a various ecosystems in coal mining area  

The results of CO2 flux measurements and calculations (Figure 1) shows that there is a dynamics 
of soil emissions in different forest ecosystems in coal concessions. The mean of flux for all the 
observed forest ecosystems in the coal mining area subsequently from the lowest to highest are: 
HT2 (584.5 mg CO2   m-2hour-1) < HS3 < HM9 < HD0 < HS9 < HT1 < HJ2 < HT0 < HS1 < HS7 
(1333.7 mg CO2 m-2hour-1). 

Figure 1 shows that the variability of soil respiration is very high. Vegetation of forest cover cannot 
be used as the primary predictor. Same with the opinion of Raich and Schlesinger (1992) that 
several reports indicate that soil CO2 emissions as the effect of land use change/land cover has 
increased, while others showed a decline or no change. 

Table 1 illustrate terrestric carbon cycle can be disrupted due to the role of human activity. Coal 
mining is an example of human interference which may alter the natural carbon cycle. Logging and 
clearing of tropical forests for coal exploitation has increased the release of carbon through soil 
respiration processes, which was 24.7 Mg C.ha-1.year-1 emitted from the soil surface covered by 
secondary forest vegetation (HD0) to 28.0 – 26.2 Mg C.ha-1.year-1 of open land (HT0 and HT1). 

The value of soil CO2 emissions may not be significantly different, but there is a major 
disadvantage of the lack ability of carbon sequestration. The ecosystem HD0 even releases 
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carbon through plant and soil respiration yet plays a major role in absorbing and storing carbon 
through photosynthesis. While the ecosystem HT0 and HT1 have no ability to absorb the carbon 
which has been released. 

Damage of the forest ecosystem in the mining area will gradually recover through post-mining 
revegetation. Total carbon being stored in the aboveground biomass, understorey, litter and soil of 
105.94 Mg.ha-1 in secondary forests will decrease as there is land clearing into 4.29 Mg.ha-1 and 
increase into 70.65 Mg.ha-1. 

While the carbon distribution in revegetation ecosystems of the 9-year-old is similar to secondary 
forest ecosystems (baseline) based on the composition of the carbon reservoir. The carbon 
distribution of understorey biomass to the total reservoir in the secondary forest ecosystem was 
69.9% and in the 9-year-old revegetation forest was 63.9%. The carbon distribution of litter to total 
reservoir in the secondary forest ecosystems was 3.2%, while in the 9-year-old revegetation forest 
was 3.3%. The carbon distribution of soil to the total reservoir in the secondary forest ecosystems 
was 26.9%, while in the 9-year-old revegetation forest was 32.8%. 

Table 1. Reservoir, distribution, and flux of carbon in various forest ecosystems in coal mine 
concession area  

Ecosystem	
	

HD0	 HT0	 HT1	 HT2	 HJ2	 HS1	 HS3	 HS7	 HS9	 HM9	

Carbon	Reservoir	(Mg.	ha-1)	
Plant:	 	 	 	 	 	 	 	 	 	 	
AGB	Plants	 74,05	 0	 0	 0	 1,37	 0.69	 3.45	 43.49	 28.04	 44.80	
Understorey	 0	 0	 0	 0	 0,50±0,47	 0.19±0,18	 0.88±0,92	 0.95±0,35	 0.22±0,18	 0.36±0,33	
Forest	Floor:	 	 	 	 	 	 	 	 	 	 	
Litter	 3,39±1,07	 0	 0	 0	 0,12±0,23	 0,42±0,45	 0,86±1,70	 4,97±2,19	 1,19±1,6	 2,32±1,05	

oil	(0-10	cm)	 28,5	 4,29	 32,82	 10,94	 12,54	 7,58	 11,31	 23,98	 15,38	 23,17	
Total	 105,94	 4,29	 32,89	 10,94	 14,53	 8,69	 16,5	 72,44	 44,83	 70,65	
Carbon	Distribution	(%	total)	
Plant	Biomass		 69.9	 0	 0	 0	 12,9	 9,9	 26,2	 60,6	 63	 63,9	
Litter	 3,2	 0	 0	 0	 0,8	 4,7	 5,2	 6,8	 2,7	 3,3	
Soil	 26,9	 100	 100	 100	 86,3	 85,4	 68,5	 32,7	 34,3	 32,8	
Carbon	Flux	(Mg	C.ha-1.year-1)	
Litter	 5,8	 0,0	 0,0	 0,0	 0,0	 3,5	 0,7	 8,7	 5,2	 6,8	
Soil	 24,7	 28,0	 26,2	 13,9	 26,9	 20,8	 14,0	 31,8	 25,0	 22,7	

4. Discussion 

Tropical forest soils have a very important role on the global carbon cycle mainly due to the issue 
of global warming and climate change. This is the result of the soil ability to produce and release 
carbon dioxide into the atmosphere. Production of carbon dioxide referred as soil respiration (CO2 
flux) is caused largely by soil organism of soil microorganism respiration during a process of 
organic matter decomposition and root respiration. While it partly contributed by chemical oxidation 
of carbon-contained soil material (Lundegardh, 1927 in Raich and Schlesinger, 1992, Schulze 
1967, Konda et al., 2010). 

The estimation value of CO2 flux on the soil surface drawn from the entire observed ecosystems in 
this study tends to be higher than the result of other study on tropical areas. Plot HDO as tropical 
secondary forest has soil CO2 emission value of 1089 mg CO2 m-2hour-1, whereas other study is 
838 mg CO2 m-2hour-1 (Adachi et al. ,2006), 602 mg CO2 m-2hour-1 (Raich and Schlesinger, 1992), 
and 343.8 mg CO2 m-2hour-1 (Ishizuka et al., 2002). The same result is on Acacia mangium forest, 
in this study the value of soil respiration is 949.6 mg CO2 m-2hour-1 while Konda et al. (2010) is 
417.46 – 656.01 mg CO2 m-2hour-1. The difference on the soil CO2 emission value of this study with 
others can be explained as follows: The first, there are different methods of measurement. This 
study used closed dynamic chamber while other studies used static chamber and open chamber 
method. Norman et al. (1997); Jarvis (1997) in Pumpanen et al. (2004) suggest that closed 

dynamic chamber produce higher value of 23-36 % than static method. It is due to turbulence 
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in the chamber by the fan (Janssens et al., 2000 in Ryan and Law (2005).  The second is the 
difference in measurement time series. The value of soil CO2 emission of this research is the daily 
value which is the result of the soil surface CO2 flux measurement without repetition. Whereas in 
other studies, the values of soil CO2 emissions are is the results of serial measurements or annual 
mean. It is likely there are similarities in the daily emission values with the results of other studies. 

The release of carbon dioxide in the soil respiration is a complex process, not merely the influence 
of a single process, but sometimes the lack of a process can be replaced by another process. It 
highlights the difficulties in the interpretation of soil respiration measurement results (Buyanovsky 
and Wagner, 1995 in Raich and Tufekcioglu, 2000). Change of land use/land cover for coal mining 
concession is very dynamic result on the change in the biomass production, organic matter, soil 
microorganism abundance, and microclimate of an ecosystem. Furthermore, these changes may 
certainly affect the dynamics of the release/carbon dioxide emission from the soil either increased 
or decreased. 

As the forest ecosystem (HD0) turns into a disturbed ecosystem of post-mining open land (HT1) 
without any vegetation, it evidently has higher CO2 emissions. Understanding the decomposition 
process of soil organic matter by microbiology and respiration process play a major role in soil 
respiration is not applicable to explain this anomalous condition. It is estimated that soil CO2 
emissions in HT1 is derived from chemical oxidation of carbon-contained soil material in this case 
is coal. It is contrary to Konda et al. (2010) states that the chemical oxidation of carbon-contained 
soil material has a small contribution to soil CO2 emissions. 

In HT2 ecosystem which is an open-land result of backfilling showed the lowest CO2 emission. CO2 
efflux from the soil surface tends to increase along with the post-mining activities through 
revegetation. CO2 efflux increasing trend of revegetation plots depicted as a sigmoid curve, 
gradually increasing at the early age stand and achieve its optimum at 7-year-old and then 
decreased when they are older. 

In the early revegetation (HJ2 and HS1), the release of soil CO2 tends to increase as a result of 
root respiration and overhaul process of organic matter by microbes. Root respiration component 
may be a major factor in the enhance of soil CO2 efflux from LCC which covers most of the land 
revegetation. Additionally, soil temperature and light intensity factors contribute to soil CO2 efflux.  

Ecosystem in plot HS7 show the highest CO2 efflux compared with other ecosystems. The density 
of forest floor covers by understorey and litter which are higher than other ecosystems significantly 
affects soil CO2 release. In this ecosystem, three components of soil respiration optimally influence 
namely root, litter and soil organic matter respiration (Raich and Schlesinger, 1992).  

Meanwhile, the CO2 efflux measurement on ecosystem HS3 of 592.2 mg CO2 m-2hour-1 shows 
contradiction on the tendency of CO2 efflux increase of early revegetation plots. Temporary 
estimation on the condition is the land infertility indicated by sengon stands suboptimal growth and 
the presence of weeds leading to low soil respiration ability.  

The role of terrestric ecosystems on global carbon cycle cannot be neglected as their capability in 
storing and releasing carbon. Carbon is captured from the atmosphere in the form of CO2 through 
photosynthesis then stored by plants in the reservoir of living web, litter and soil carbon. Carbon is 
released into the atmosphere through the natural process of plant and soil respiration, and 
unnatural process such as anthropogenic disturbance (Ciais et al., 2013). 

Farrar (1985) and Amthor (1989) in Ryan (1991) explain the carbon release of the terrestric 
ecosystem to the atmosphere as the impact of plant respiration less than 50% from gross 
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primary production. Plant respiration is almost the same with net primary production. Based on the 
explanation, the measurement of carbon release of terrestric ecosystem certainly will produce high 
value on vegetation-covered land than uncovered-land. However, it will be balanced with higher 
carbon stocks in vegetation-covered land due to its biomass production mechanism or net primary 
production (June et al., 2006).  

Plant respiration is crucial because it has very important role in the carbon cycle in terrestric 
ecosystems. However, it can be presented in the study due to its difficulty. This study presents the 
carbon balance (Table 1) solely based on carbon stocks of carbon reservoir (stands, understorey, 
litter and soil), the distribution of carbon reservoirs and carbon released through soil respiration in 
forest ecosystems in the coal mining concession. 

5. Conclusions 

The release of CO2 through soil respiration tends to increase as the tropical natural forest is 
opened for coal mining in the level of 1173 mg CO2 m-2 hour-1, then decreases into 583.3 mg CO2 
m-2 hour-1 in the backfilling area. 

CO2 of soil respiration tends to increase as the revegetation is processed. CO2 enhances along 
with the revegetation aging process with the highest on plot HS7 of 1334 mg CO2 m-2 hour-1. The 
height of CO2 production is the impact of organic litter decomposition and root respiration. In the 
perspective of CO2 emission, it seems having strongly negative impact, however it is positively 
beneficial from the perspective of land/soil productivity and vegetation growth. 

Carbon balance is composed based on the parameter of carbon biomass reservoir of stand, 
understorey, litter, and soil; carbon reservoir distribution; and carbon release through soil 
respiration. The trend of increasing value of total carbon and carbon distribution pattern of its 
composition shows revegetation is able to restores the post-mining environment. 

To reduce soil CO2 emission, land clearing should be done right after the period of the topsoil 
stripping and soil cover excavation, and conducted backfilling on non-active open-pit area as soon 
as possible for a better result. 
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Abstract 
The concept and framework of ecosystem services (ES) brings together different dimensions of 
sustainable development (ecological, social, economic). Therefore, it has the potential to support 
sustainable spatial planning. However, ES are still poorly integrated in spatial planning practice. 
Among the manifold reasons for such poor integration are insufficient knowledge, tools and data 
that help making explicit the ES supplied by a given territory, how they affect human well-being, 
how they are affected by planning decisions, as well as the trade-offs that usually spatial planning 
deals with. This research presents a framework for ES integration in spatial planning. The 
framework covers critical issues such as the identification of priority ES, the assessment of effects 
of land-use and land cover (LULC) changes on ES provision under alternative scenarios, as well 
as stakeholder engagement. The framework is tested in Lisbon Metropolitan Area (LMA), Portugal, 
which hosts over a fourth of the country’s population and has been undergoing a suburbanization 
process. Highly urbanized areas co-exist with agricultural and forest areas, as well as areas 
designated for nature protection. Considering also that it is a southwestern European coastal 
region, climate change and urban-rural linkages are crucial aspects for spatial planning, a process 
that has to mediate conflicting LULC goals and interests. The priority ES identified, for example 
flood protection or climate regulation, can be regarded as nature-based solutions to tackle such 
planning challenges. The assessment of effects of main drivers of LULC change (e.g. population 
dynamics) on ES supported a critical analysis of planning options, like the Metropolitan Ecological 
Network, a green infrastructure for the whole region. The framework developed in this research 
provided several advantages for ES integration in spatial planning, for example taking into account 
the views and perceptions of planners and other stakeholders, alongside specific planning 
proposals. It also contributed with new insights for further developing strategic environmental 
assessment processes.  

 

Keywords: ecosystem services; spatial planning; scenarios; stakeholder engagement; Lisbon 
Metropolitan Area 
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Problem framing of a transdisciplinary research process using the 
Social-Ecological framework in the montado landscape of Alentejo 
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Audun Sandberg, Federica Ravera, and Marta Varanda 
 

Abstract 
The montado is a high nature value farming system of the Mediterranean region with a long history 
of human and nature interactions. Several types of montado cover a considerable surface of the 
Alentejo region (Portugal). Therefore, this social-ecological system is of paramount importance to 
the region and has been the subject of research work for a long time. However, sixty-five years of 
studies regarding the montado have not been able to prevent the sustainability problems faced 
today. There is a need of more collective actions between relevant actors including the scientific 
community towards the sustainable management of the montado. Transdisciplinarity can be, thus, 
a mean to achieve this collective action. While putting in practice such endeavour two questions 
arise; how do we cope with changes and threats faced by such complex system and how do we 
manage knowledge? Rather than accumulate knowledge, the challenge is, integrating efforts and 
common reflections between science and society for an effective use. Indeed, effective use and 
management depends on choices made by individuals and collectives that have outcomes of a 
systemic character – and the feed-back of these systemic effects on the rule-making and thus on 
the choices made in the next turn. Therefore, the Institutional Analysis and Development 
framework and Social-Ecological framework were considered paramount to understand past 
transdisciplinarity efforts, as well as, to design future ones. The present work is aimed to apply 
both frameworks to identify and understand how to promote transdisciplinary processes that may 
contribute to the sustainability of the montado system in the Alentejo region. This empirically 
application was based on literature review and primary data obtained by spatial analysis, surveys 
and participatory approaches. Results show that the lack of consensus regarding the system 
boundaries is one of the major challenges in transdisciplinarity efforts, along with the size of the 
resource system, and current governance system. We conclude that a tailored long term 
transdisciplinary process should be promoted mainly based on a montado typology that should be 
defined by all relevant actors. 

 

Keywords: Transdisciplinarity, sustainability, Social-Ecological Framework 
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Linking ecosystem services and biodiversity 
Joachim Spangenberg, Josef Settele 
 

Abstract 
Biodiversity is a key ingredient for the provision of ecosystem services; without it, they would not 
exist. However, the relation between both is anything but linear, as has been shown in a wealth of 
case studies. Preserving ecosystem services has become a major policy goals on the global 
(UNCSD), regional (EU) and national level. The hopes are flying high that this will contribute to 
biodiversity conservation, but there are concerns that an ESS focus might affect conservation 
negatively. The aim of the paper is to structure the complex relationship in a way that encourages 
targeted future research, thus validating hopes for and avoiding risks to biodiversity. It also aims at 
systematising the way organisms are classified according to their service potentials. After clarifying 
the terminology, we go on to describe both sides of the coin, classifying first the services by object 
(with a look on trade-offs and synergies) and then the organisms by services (subdivided into three 
classes of organisms and their relation to service provision). This double view permits asking 
questions which can guide future research, if not implementation of biodiversity or ESS 
conservation programs. One of the reasons for widely spread confusion is that the systematiques 
resulting from the two different perspectives are significantly distinct, and research and policy 
programs taking just one of the two perspectives into account easily fall short of realising their 
intentions. In particular the case of organisms contributing to biodiversity without any known 
contribution to whatever ecosystem service deserves more attention than it is given in the current 
literature. More research on developing integrated perspectives is needed to come up with reliable 
approaches paying adequate tribute to both biodiversity and ESS. We identify some research gaps 
and propose research questions.  

 

Keywords: Biodiversity, Ecosystem Services ESS, research gaps, perspectives 
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Abstract 
The Program of Payment for Ecosystem Services (PPES) of Costa Rica, created in 1997 with the 
latest Forestry Law, is the first nation-wide program of its nature in a developing country. Its 
objective is to ensure the provision of environmental (ecosystem) services resulting from the 
protection of forest and the establishment of forest plantations by financially compensating land 
“owners”. Although focused specifically on the protection of biodiversity and water resources, the 
mitigation of greenhouse gases, and the provision scenic beauty, the PPES also aims to provide 
developing opportunities to small farmers. With almost 20 years, the program has been the subject 
of study by many local and international scholars; however, there is not yet an official 
methodological approach to assess its performance. Given our recent experience developing an 
instrument for evaluating and monitoring the PPES at indigenous territories, we were approached 
by the Ministry of the Environment to design and pilot-test an integrated methodology to evaluate 
and monitor the PPES nationally. Measuring all the potential impacts is not feasible nor efficient; 
thus, the proposed methodology aims to evaluate nationally the PPES in several key aspects, 
excluding administrative ones since they are covered by an alternative protocol. After an extensive 
review of the literature an initial array of criteria and indicators were proposed along environmental, 
social and economic dimensions. Such indicators required to be valid, measurable, with periodic 
and accessible information, and of national coverage. The initial list (38 criteria and 54 indicators) 
was later refined through working meetings with personnel from the program administrators 
(FONAFIFO and SINAC), two workshops with key experts, and an additional personal consultation 
process with 20 highly involved actors. Using the classification methodology (i.e., rating each 
dimension or criteria from 1 to 10), the dimensions and the final 17 criteria (with 27 indicators) were 
weighted by 51 key actors from the academia, NGO, research institutes, independent forestry 
professionals, government institutions, professional societies, indigenous representatives, and key 
informants of SINAC y FONAFIFO. With 38.6%, the environmental dimension was weighted 
slightly more important than the social one with 31.3% and the economic one with 30.1%. Then, 
we proceeded to construct the baseline considering all 5 923 active and valid contracts for the 
period 2010-2014. Key results indicate that during this period the PPES covered 5.4% of the 
national territory, 58% of the contacts were assigned to farmers with less than 50 hectares (18% of 
the total available budget for the period), 16% of assigned contracts are located within indigenous 
territories (17% of the total available budget for the period), and 55% of contracts were located in 
the least developed districts of the country. It is estimated that the program generated in the field 
close to 30 thousand jobs, most of them not-qualified. The next assessment is schedule for the 
year 2020 and will consider the period 2015-2019, time when a comparison could be made. The 
proposed methodology provides for the first time a formal mechanism to evaluate the national 
Program of Payment for Ecosystem Services. 
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Doing good for both livelihoods and biodiversity? A framework for 
analysing interventions in community forestry management 
Clare Barnes, Frank Van Laerhoven, Maria Joao Ferreira Dos Santos, Peter Driessen, 
Rachel Claus, and Mary Ann George 
 

Abstract 
Forests in developing countries are difficult to manage for livelihood benefits whilst simultaneously 
conserving biodiversity. On the one hand, Common Pool Resource (CPR) scholarship has shown 
how institutions for collective action can solve appropriation (overharvesting) and provision 
(underinvestment) dilemmas, thus avoiding the kind of resource collapse commonly referred to as 
the tragedy of the commons. Scholars associated with the Sustainable Livelihood Approach (SLA) 
on the other hand, can be argued to have mainly focused on the livelihood benefits associated with 
good forest governance. This branch of scholarship has shown how institutions for access to 
livelihood capitals affect forest dwellers’ ability to develop sustainable livelihood strategies. In this 
paper we merge the two bodies of literature to create an analytical framework that can be used to 
analyse the impact of external actor interventions on interrelated goals of biodiversity conservation 
and livelihoods improvement in forest dependent communities. To create the framework, we draw 
on two strengths of both approaches. Firstly, we argue that a community’s ability to deal with 
appropriation and provision dilemmas is influenced by their access to livelihood capitals (e.g. 
positively through knowledge of sustainable harvesting techniques, or negatively though closeness 
to markets) (the focus of SLA) as well as functioning forest institutions (the focus of CPR scholars). 
Secondly, the SLA applied to CPR contexts, can aid our understanding of the causal mechanisms 
between external actor interventions and a community’s ability to deal with appropriation and 
provision dilemmas through two pathways: activities directed at facilitating forest institutions (CPR), 
or their access to livelihood capitals (SLA). To illustrate our framework we apply it to a case of 
external actor interventions in community forestry in Andhra Pradesh, India. Our data collection 
includes semi-structured interviews and focus group discussions in the intervention and control 
communities, corroborated by forest plots. We find that the focus of external actors on bamboo 
auctions leads to increased access to economic capital (monetary gains), human capital (bamboo 
auction skills) and social capital (bridging networks with external agencies) in the short term but 
with a negative spill over effect on nearby non-bamboo community forests. Without attention for 
building strong forest institutions, the early economic gains may provide an incentive to 
overharvest and underinvest (appropriation and provision dilemmas) and thus translate into long-
term losses for biodiversity and ultimately livelihoods. Thus, the framework proves useful for 
analysing causal relations between external actor interventions and their influence on a 
community’s ability to deal with appropriation and provision dilemmas, which ultimately affects 
forest biodiversity and livelihoods of forest dependent communities. 

 

Keywords: Common Pool Resources, Sustainable Livelihoods Approach, development 
interventions, biodiversity, livelihoods 
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Abstract 
High concentrations of suspended solids (SS), particularly in the clay and silt size fractions, can be 
a significant stressor to the ecological integrity of aquatic ecosystems, degrading the water quality 
and directly affecting the aquatic biota, namely macroinvertebrates, algae and macrophytes. The 
main goal of this work was to test the applicability of the method proposed by Quinteiro et al. 
(2015, 2014) to assess the potential damages of eroded soil on ecosystems for 
macroinvertebrates, algae and macrophytes. To demonstrate how this newly SS ecosystem 
method can help to improve the environmental assessment in forestry, results were compared with 
the earlier commonly used impact categories from ReCiPe method. A case study was performed 
for Eucalyptus globulus stands in Portugal. Four E. globulus stands installed in the Beira Interior 
and Alto Alentejo regions (Portugal) were studied. The functional unit was defined as one hectare 
of land under production forestry management. E. globulus is managed as a coppiced stand in 
short rotations of typically 12 years each during three successive coppice rotations (one 
revolution). The system boundary includes all the forest management operations such as site 
preparation, stand establishment, stand tending and felling. The relevance of the impact from SS 
delivery to freshwater streams is shown, providing a more comprehensive assessment of the SS 
impact from land use systems on aquatic environments. The SS impacts ranged from 15.5 to    
1234.9 PDF.m3.yr.ha-1.revolution-1 for macroinvertebrates, and from 5.2 to 411.9 PDF.m3.yr.ha-

1.revolution-1 for algae and macrophytes. For some stands, SS potential impacts on 
macroinvertebrates have the same order of magnitude than freshwater eutrophication, freshwater 
ecotoxicity, terrestrial ecotoxicity and terrestrial acidification impacts. For algae and macrophytes, 
most of the stands present SS impacts of the same order of magnitude as terrestrial ecotoxicity, 
one order of magnitude higher than freshwater eutrophication, and two orders of magnitude lower 
than freshwater ecotoxicity and terrestrial acidification. The SS impact results allow concluding that 
the increase of SS in the water column can cause biodiversity damage and that the calculated 
impacts can have a similar or even higher contribution to the total environmental impact than the 
commonly used ecosystem impact categories of the ReCiPe method. A wide application of the 
framework and method developed at a local scale will enable the establishment of a regionalised 
SS inventory database and a deep characterisation of the potential environmental impacts of SS 
on local aquatic environments. 
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Abstract 
Water quantity management remains an issue in Europe, resulting in numerous periods of regional 
flooding and drought annually. Land management can be a powerful natural approach to reduce 
the impacts of such fluctuations in water flow through the landscape, especially in upstream source 
areas. The Water Retention Index has been developed as a tool to look at the potential effects of 
changing land use patterns on the water retention capacity of a river catchment. It reflects the 
relative storage potential of water in a landscape, which can be used as a measure of the ability to 
regulate water flows in various land use scenarios. The index is comprised of parameters which 
take into account retention in vegetation, water bodies, soil, and bedrock, as well as the influence 
of slope and artificially sealed areas. These parameters are combined to give the final composite 
indicator. Since the parameters representing the contribution of vegetation, soil and sealed areas 
are land-use dependent, the index can also be used to assess future land use scenarios. We used 
the index to assess the impacts of various natural land management strategies on water retention 
at the Pan-European scale. Land use simulations were made using the EUCS100 model up to 
2030 for 3 scenarios: increasing the relative amount of grassland in upstream areas; afforestation 
in upstream areas, and afforestation in riparian zones. All scenarios showed an overall 
improvement of the index as opposed to that for the 2030 baseline or 'business-as-usual' scenario. 
The scenario having the greatest effect on overall relative water retention was afforestation in 
upstream areas, although results varied greatly depending on the region. The Water Retention 
Index can be used as an indicator of potential water quantity regulation benefits of land use 
scenarios - it is currently being further developed for use in policy support at the European scale. 

Keywords: Water retention, Soil physical properties, Land use 

1. Introduction 
Water quantity regulation is the capacity of the landscape to intercept, retain and store the water 
flowing over and through it. De Groot (2002) states that water regulation is the role of land cover in 
regulating runoff & river discharge. Several approaches have been taken to quantify water 
regulation, including using infiltration capacity and/or soil water storage capacity (Smith, 2006, 
TEEB, 2010, Laterra, 2012), baseflow volume (Smith, 2006), storm-water run-off (Tratalos, 2007), 
groundwater recharge (O'Farrell, 2010) and canopy storage or interception (Guo et al., 2000). 
Some studies have also estimated the total storage capacity of the landscape (Reager, 2013), as 
well as the time to fill this capacity (Posthumus, 2010). The majority of these methodologies, 
however, are data-intensive and/or require specific models to be used.  

Our aim was therefore to develop a comprehensive indicator which could be calculated at a larger 
scale using more readily available data. The Water Retention Index (WRI) reflects the relative 
capacity of the landscape to regulate or retain water at Pan-European scale, using proxy data to 

estimate the contribution of the following physical processes: 
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• Interception by vegetation 

• Storage in surface water bodies 

• Infiltration and retention in soil 

• Percolation to groundwater stores 

Several land use derived parameters were included so that the indicator can be re-computed for 
various land use scenarios. The index can therefore be used as a measure of the effectiveness of 
the landscape in managing water quantity and therefore reducing the risk of both flooding and 
water shortages for both the current situation and future scenarios. Several potential land 
management scenarios were used to test the indicator. In what follows we present the 
methodology used to compute the index and the first results at Pan-European scale for the 
selected land management scenarios. 

 
2. Methods 
2.1. Compilation of the WRI 
The Water Retention Index (WRI) is computed as shown in figure 1. The retention/storage 
components vegetation (Rv), water bodies (Rwb), soil (Rs), groundwater (Rgw) and the slope 
together describe the physical capacity of the land to retain water. This reflects the maximal 
potential retention of water in the natural environment. These parameters are given scores ranging 
from 0 to 10 based on their assumed impact on overall water retention according to the available 
literature, and combined reflect the natural retention capacity. In a final step the soil sealing is 
taken into account (sealed areas are assumed to have no retention capacity) to calculate the final 
water retention index.  

 
Figure 1. Schematic overview of the structure of the composite indicator. Parameters in boxes with dotted 

lines are updated based on land use and therefore dynamic in time. 

A major requirement in developing the index was to be able to use it to assess provision of water 
regulating services for future land use scenarios. The land use model EUCS100 is used within the 
JRC Ispra for various applications, mostly related to policy assessment (Lavalle et al., 2011). The 
model has as base map the CORINE refined land cover for 2006 (Batista et al., 2013), and can 
model changing land use patterns on an annual basis up to 2050. In order to do so it combines 
demand-driving data from various sources with a compilation of suitability factors and allocation 
rules which can be altered according to the scenario parameters. The LAI and soil sealing are thus 
both re-computed using the simulated land use for the required year, and the Rs parameter is 
adjusted according to the changing organic carbon content over time. The remaining parameters 
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are kept constant in time. Figure 2 gives shows the various input parameters for the WRI as 
calculated for the 2006 base year. In the following we discuss each parameter in more detail. 

	

Figure 2. Overview of the input parameter scores at river basin level (all given as scores from 0 to 10 as 
used to compute the final index, except for soil sealing, which is given in %). 

Retention in vegetation (Rv) 
As in Van Dijk and Bruinzeel (2001), we assume that the canopy capacity, and therefore the 
potential amount of water intercepted, is linearly related to the leaf area index (LAI). The LAI gives 
the green leaf area coverage per unit ground surface area (Watson, 1947), and ranges from a 
value of zero (bare ground) to over 10 (dense forest). This is a commonly used parameter in 
estimating interception by vegetation (Muzylo et al., 2009). Maps of LAI can be derived from 
satellite imagery. We calculated the average LAI per CORINE land use class and per climate zone 
(Metzger et al., 2005) for the period 1999-2003. Projected LAI maps for subsequent years are re-
computed directly from these average LAI values and the forecasted land use map. This makes 
this index dynamic in time and allows us to alter the Rv component with our simulated land use per 
scenario. 

Retention in soil (Rs) 
The potential of the soil to retain water is primarily determined by soil texture, bulk density and 
organic matter. The finer the texture of a soil, the greater the surface area of the particles, 
cohesion, and capillary rise, so the greater the potential to retain water. The highest water holding 
capacities, however, are found in fine rather than very fine material (Klocke & Hergert, 1990) since 
soils having very high clay content (so very fine textures) are usually quite compact and only semi-
permeable. Organic matter has a high affinity for water, so that as the percentage of organic matter 
in the soil increases, the water-holding capacity increases (Rawls et al., 2003; Wang et al., 2013). 
For the base year, the potential soil water retention (Rs) is based on the Total Available Water 
Content (TAWC) from the European Soil Database (ESDB) (Hiederer, 2012) at 1km resolution. 
This is computed taking into account the soil texture, bulk density, organic carbon content and soil 
depth (Wosten et al., 1998). The map gives continuous values (between 0 and 118mm) which 
were re-scaled to range between 0 and 10. We used the changes in organic carbon content over 
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time to project the Rs parameter, assuming a soil with a higher organic carbon content to have a 
proportionally higher water retention capacity. We estimated the average expected changes in 
organic carbon content with land use conversions between cropland (arable, permanent crops) - 
grassland (pastures, semi-natural vegetation), and forests based on an extensive review of 
available literature (Bormann, 2007, Bauer & Black, 1981; Bewket & Stroosnijder 2003; Breuer et 
al. 2006; Bronson et al. 2004; Franzluebbers et al. 2000; Murty et al. 2002; Neill et al. 1997; 
Strebel et al. 1988; Hajabbasi et al. 1997; Lumbanraja et al. 1998; Davidson et al. 1993; Reiners et 
al. 1994; Laganiere et al. 2010; Simansky et al. 2013). The expected changes per 5-year timestep 
are given in table 1. 

Table 1. Estimated changes in soil bulk density and organic carbon content	

Land use conversion Assumed forward change $  Assumed backward change %  

Crops $ Grassland  +1.25% - 5% 

Crops $ Forest  + 3.75% - 8.75% 

Grassland $ Forest + 2.5% -3.75% 

 

The organic carbon was assumed to reach equilibrium in the soil after a period of 20 years 
(consistent with the IPCC Tier 1 approach, Hiederer, 2013; Jones et al., 2005). The relative 
changes expected per annum per land use conversion were calculated in 5 year timesteps 
between 2006 and 2030. We assumed the Rs parameter to vary directly proportionally to these 
potential losses or gains of organic carbon, and therefore applied the same % changes calculated 
for the organic carbon directly to the Rs value. 

Retention in groundwater (Rgw) 
The type of lithology present and its relative permeability gives an indication at this scale of how 
much water can infiltrate and potentially percolate down to groundwater reserves. Lewis et al. 
(2006) present a methodology to assign permeability indices according to the type of lithology and 
predominant flow mechanism (fracture, intergranular or mixed). We used a similar approach, 
assigning estimated permeability scores for each major lithology based on the average of the 
range of permeability per major lithology group reported by Domenico and Schwartz (1990), 
Gleeson et al. (2011), and Lewis et al. (2006), re-scaled between 0 and 10. We used the main 
lithology as compiled in the framework of the OneGeology project (http://www.onegeology.org/). 
The bedrock lithology map of Austria was integrated to complete the coverage to EU28. These 
average values were corrected for the influence of the surface soil typology. Unless bare rock is 
exposed, the permeability of the topmost soil/lithology will greatly impact the amount of water 
which reaches the groundwater store, and therefore also the amount which can be retained 
regardless of the relative permeability of the underlying bedrock. We used the Hydrological 
classification of soil as available from the ESDB (King, 1994) for this purpose. The 10 classes 
given were re-classified into 6 main categories with similar relative permeability, from very high to 
very low. The relative bedrock permeability was then reduced by a factor 0, 10, 20, 30, 40 or 50% 
depending on the hydrological category of the soil overlying it (ie. no reduction if overlying soil has 
very high permeability, up to 50% reduction if overlying soil has very low permeability). 

Slope factor 
The gentler the slope, the higher the overall water retention capacity – the greater the slope the 
faster the flow overland and the less time water has to infiltrate. Due to the higher erosion rates on 
steeper slopes, soils are also expected to be thinner and contain less organic matter. Soils in low-
lying areas in contrast will be thicker, more weathered and more suited to dense vegetation cover. 
We used the European slope map as derived from the Global Digital Elevation Model (SRTM, 
NASA) (http://srtm.csi.cgiar.org/), re-scaled between 0 and 10 assuming a negative linear 
relationship between slope and potential water retention. 

Soil Sealing 
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The share of impermeable surfaces directly affects the water retention capacity of a landscape. For 
the purposes of this indicator we assume that there will be no retention of water in completely 
impermeable/sealed areas, and therefore reduce the calculated natural retention directly by the 
degree (%) of soil sealing per unit area. In doing so we assume that water retention will only occur 
in non-sealed areas. In order to allow the parameter to be updated for future scenarios, we 
calculated the average percentage sealed area per land use class per country, based on the 2006 
CORINE refined land use map and the European Soil Sealing Map (EEA, 2009). These values 
were then used to calculate the average soil sealing directly from the land use map for any given 
year. 

 
2.1. Aggregation and Sensitivity Analysis 
The aggregation of parameters in a composite indicator is a somewhat delicate step which 
necessarily involves subjective decisions on the weighting of each parameter. A common practice 
is to assign weights reflecting the belief of the importance of each parameter to the composite 
indicator; however, the weights do not typically reflect the true contribution of each parameter due 
to correlations between parameters (OECD, 2008). To understand the true importance of each 
parameter to the indicator, we performed a sensitivity analysis using an approach similar to that in 
Paruolo et al, 2013. We further adopted an optimisation procedure which iteratively adjusted the 
weights until the desired importance of each parameter was reached. This is explained in more 
detail below. 

The structure of the WRI was: 

 !"#=$"%"%+$"&$"&$+$"'"'%+$slopeslope+	$!(R!(∗1−"))100 (1) 

where the w are the weightings to be assigned. The influence of each parameter on water 
retention capacity was taken to be equal. The final score reflects the relative capacity to retain 
water on a scale of 0 to 10 for each pixel. This map can then be further aggregated to catchment 
or regional level.  

In order to understand the influence of each parameter for a given set of weightings, we performed 
a sensitivity analysis which quantified the “importance” of each variable (excluding RSS which is a 
multiplying factor), using a variance-based approach to consider how much each indicator input 
contributes to var(WRI), the spatial (“inter-regional”) variance of the WRI. To do this, we used 
sensitivity indices which measure the fraction of var(WRI) contributed by each parameter. The first-
order sensitivity index, denoted Si, i =1,2,…,k, where k is the number of input variables (in this 
case k=5), is defined as (Sobol, 1993), 

 )*=var[+!"#,*]var(!"#) (2) 

where ,* is the ith input variable to the indicator (i.e. the Rv, Rgw, etc.). This measure gives the 
fractional contribution to the (spatial) variance of the indicator, and is a widely-used measure in 
uncertainty and sensitivity analysis in physical sciences and engineering – see e.g. Saltelli et al., 
2008 and Becker et al. 2011. 

In order to calculate Si, we adopted an approach proposed by Paruolo et al, 2013, which uses 
nonlinear regression. This approach is based on the fact that the expression +!"#,* is essentially 
a nonlinear trend line through the scatter plot of WRI against ,*. Using an appropriate nonlinear 
regression method, one can therefore estimate +!"#,* and then Si by taking the variance of this 
curve. In contrast to the original approach however, we used penalised splines as the chosen 
method of nonlinear regression rather than local polynomial regression. For further details on this 
method we refer to Paruolo et al, 2013 and Ruppert, 2003. 

The sensitivity indices of each input to the indicator were estimated by aggregating the WRI values 
to the catchment level - this was necessary because of the high number (some millions) of pixel-
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level data points, which caused some difficulties for the nonlinear regression. While this lost some 
accuracy in the estimation of sensitivity, it is still representative of the contribution of each input. A 
pixel-level analysis is however planned for future work. 

As a starting point, a “naïve” weighting scheme was assigned, such that $"%=	$-$=$)=$slope=	
$!(. The results of the sensitivity analysis using these weights are shown in Figure 3. One can 
notice immediately nonlinearities and skew in the distribution of each input parameter. The 
sensitivities are shown above each plot and also in Table 5 – they are far from the desired values, 
with slope for example having a higher influence than intended, with a sensitivity index of 0.5, and 
Rwb and Rgw having less than half the influence. 

 
Figure 3. Sensitivity indices calculated for the input variables of the Water Retention Index 2006. 

 

To adjust the weightings to more closely match the desired influence, we used an iterative 
approach which, using a nonlinear optimization algorithm, searched for the weights which 
minimized the difference between the sensitivity indices of the WRI and the desired sensitivity 
indices. The results of this endeavor are shown in Table 3: one can see that the sensitivity indices 
after optimization more closely reflect the aims of the indicator – each parameter now has an equal 
influence. The associated weightings are shown in the final column – these are the final weightings 
used in the WRI. 

 
Table 3. Optimised weights and associated sensitivity indices 

Indicator input parameter Si before 
optimisation 

Si after optimisation Optimised 
weighting 

Rv 0.367 0.281 0.17 

Rgw 0.153 0.281 0.29 

Slope 0.497 0.281 0.10 

Rs 0.378 0.281 0.14 

Rwb 0.193 0.281 0.28 
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2.1 Land use scenarios 

Several scenarios improving natural water retention in the landscape were originally defined in 
work contributing towards the Blueprint to Safeguard Europe’s waters (Burek et al., 2012). Here we 
focus on those directly dependant on changes in land use as simulated by the the EUCS100 
model (Lavalle et al., 2011). The refined CLC land use/cover map (Batista et al., 2013) was used 
as basemap for the year 2006. To allow for comparison, a baseline, or ‘business-as-usual’ 
scenario was simulated up to 2030, taking into account the the current socio-economic and 
environmental trends and maintaining the current policy provision such as the CAPRI agricultural 
demands, and protection of Natura2000 sites.  

Studies show that extreme events such as floods are most prevalent in catchments where 
deforestation occurs, and that this is especially true in catchments that are already flood-prone 
(Solin et al., 2011). According to Creed et al. (2011), forest management strategies can be planned 
in order to preserve hydrological flows and therefore reduce extreme events. We therefore looked 
at 2 scenarios where afforestation was highly encouraged; one in riparian zones, the other in 
upstream areas. In addition, we looked at a scenario where the conversion to grassland was 
encouraged. The land management strategies were summarized as: 

 

• Afforestation in riparian areas (Riparian) - The suitability for forest was increased in the 
land use model for all potential riparian areas alongside rivers (as defined by Clerici et al., 
2011), consistent with CAP targets (e.g. demand for agricultural land is not modified at 
regional level, therefore not decreased because of the afforestation).  

• Afforestation in hilly and mountainous areas (Afforestation) - Conversion to forest from 
pastures, arable land, permanent crops and semi-natural vegetation was encouraged in 
areas above 500m in altitude and with slopes greater than 10%.  

• Encouraged conversion to grassland (Grassland) - The demand for grassland/pasture 
was increased by 10% on slopes larger than 10%. Additionally, the maintenance of already 
present grassland/pastures was enhanced on land with slopes greater than 10%. The 
conversion of forest/natural vegetation to grassland was prohibited.  

 
3. Results  
3.1. Baseline Water Retention Index 2006-2030 
Figure 4 (left) shows the resulting index computed for the base year 2006 at river basin level. The 
highest WRI values for the base year 2006 are found in the Atlantic environmental zone (having 
the highest LAI values, see figure 2), and in the Scandinavian countries, (having the highest 
density of surface water bodies, and lowest average soil sealing). The index gives especially low 
values in mountainous regions, due to a combination of usually quite low LAI value, low 
permeability and low soil water retention. This is due to the scarce and shallow presence of soil 
(usually the highest altitudes are composed of bare rock surfaces), and sparse vegetation.  
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Figure 4. The final Water Retention Index calculated for the baseline scenario 2006 (left) and changes 
between 2006 & 2030 (right), shown at river basin level. 

Figure 4 (right) gives the change in the indicator over time for the baseline scenario at the river 
basin level. The majority of western Europe, and especially the UK and the Netherlands show 
significant decreases in average water retention, whereas improvements over time are foreseen 
for Scandinavia and parts of eastern Europe. 

 

3.2. Land management scenarios 
Figure 5 shows the resulting changes in the WRI as calculated for each land management 
scenario for 2030, as compared to the 2030 baseline. 

 
Figure 5. The final Water Retention Index calculated for each scenario as compared to the baseline 2030 

value, shown at river basin level. 

The afforestation scenario shows the greatest overall improvements as compared to the baseline. 
However, the results vary greatly spatially, meaning that the best management strategy to apply 
also varies depending on the region. For example, the grassland scenario actually gives much 
better results than either of the afforestation scenarios in the UK and especially Ireland. 
 
4. Conclusions and Discussion 
We present a composite indicator which takes into account the potential retention of water in 
vegetation, soil and groundwater to estimate the overall capacity of the landscape to retain water. 
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The influence of both slope and soil sealing on the final indicator value is also taken into account.  

The indicator was computed at Pan-European scale at a resolution of 1 kilometer for the base year 
2006, and for three land management scenarios for 2030, using output from the EUCS100 land 
use model. 

The resulting indicator values for 2006 were highest in Atlantic Europe and Scandinavia, with lower 
values in mountainous regions. The difference in indicator value between 2006 and 2050 gives a 
more representative overview of where problems may arise. Some areas showed improvements, 
but the vast majority of regions had decreasing indicator values over that time period. This can be 
attributed to the expansion and increasing density of both urban and industrial areas.  

The indicator can be used to assess alternative land use scenarios since all dynamic parameters 
are directly re-calculated based on the land use. Some significant changes were seen in the 
indicator when calculated for these scenarios as compared to the baseline. Of the 3 scenarios, 
afforestation in upstream areas showed the best overall results, although the best method used is 
highly dependent on the region where it is applied. This indicates that the index can be further 
developed to help assess various policy measures resulting in diverse land use scenarios over 
time. 

There are, however, several uncertainties involved in the computation of the overall indicator. The 
projection of the indicator based on land use simulations means that the results are directly 
affected by the accuracy and uncertainty of the land use model. There is additional uncertainty 
both in the definition and scoring of the input parameters, and in the weighting used. A sensitivity 
analysis was carried out, and it was assumed that weightings should be assigned to give as equal 
as possible influences of each parameter on the final indicator value. However, some parameters 
may in reality have a greater influence on the water retention capacity than others.  

It should also be noted that many additional parameters should ideally be taken into account (eg. 
Rainfall intensity, compaction of soil, artificial drainage structures/canals), but have not been 
included due to data limitations at the European scale. 

The indicator presented aims at providing an overall assessment of the water retention capacity of 
the landscape. It has been specifically designed to allow forecasting with our land use projections, 
and for calculation at the European scale. The indicator thus provides a useful tool for policy 
support, and will in future work be used to assess the impact of land-use orientated polices on the 
potential of the landscape to regulate water flows both to counter water shortages and flooding 
events. 
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Abstract 
The problem of food waste has captured global attention, with some estimates of up to 50% of 
food produced not making it to our plates. When combined with peak resources, climate change, 
and population growth, critical decisions need to be made before the waste issue starts to effect 
global food security. A key problem that actors in the food supply chain need to address is that of 
the current resource inefficiency, from farm to fork. This paper investigates a newly developed tool 
to help support better resource management for food manufacturers. Our primary contribution lies 
in our dissection of the participatory nature of the tool development i.e. how do we engage the 
industries involved for the best social, environmental and economic outcomes? As such, the 
proposition of the paper is that by using a co-design or a participatory process, we can co-develop 
a resource efficiency tool with and for food manufacturer that actually makes a difference. Firstly 
our paper elucidates the process that this project, the dynamic industry resource efficiency 
calculation tool (DIRECT), adopted. We explain how was it was organised, and the resulting 
resource efficiency tool that comprises a method and a calculation module. Key calculation 
elements include; the establishment and validation of a ‘true cost of waste’ measure as a tool to 
support resource efficiency; and efficiency ratios that make sense to industry. Value predominantly 
lies in combining this quantitative efficiency calculation with complementary qualitative elements in 
DIRECT’s project methodology and interactive information hub, as we explain. Secondly we cover 
the insights in using a participatory approach to DIRECT, including the barriers, challenges, and 
advantages we observed. As such, we detail who in industry was involved, where accountants 
through to ‘factory floor’ managers provide or withhold critical information.  Next we explore the 
revelation that DIRECT must measure, yet also inform to provide guidance to stakeholders.  We 
also explain why DIRECT’s online mechanism connects industry actors for both sharing stories 
and creating joint resource projects. Finally our analysis identifies areas for future research. Our 
focus here is on how one may improve DIRECT in the next stages.  This particularly relates to 
expanding the tool across more of the supply chain than what was previously designed. Other 
potential developments include; more cross industry linkages i.e. industrial ecology, mapping 
flows, mutualising resource transportation, resource and energy sharing; enriching the information 
hub and industry feedback; refined efficiency calculation; and more environmental parameters 
beyond waste. Cross-linkage with other disciplines is also suggested, such as economics expertise 
to improve business costs ratios, and strategic management input to build in value based decision 
making capability for DIRECT. We conclude by revealing the establishment of new food 
manufacturing projects for DIRECT, in terms of what the recent commissioners of said projects 
identify as the value the tool and process provide, and what that might mean for better food waste 
outcomes in the future. This consolidates the value of utilising co-design approach demonstrated in 
our paper, and justifies further research into broadening DIRECT’s capability and adoption. 

Keywords: Food Manufacturing, Resource Efficiency, Sustainability Tool, Food Waste, True Cost 
of Waste, Co-design, Stakeholder Engagement 
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Abstract  
This study is devoted to the water scarcity footprint of a Portuguese wine (the white ‘vinho verde’) 
using the current midpoint LCA-based methods: Pfister et al. (2009), Frischknecht et al. (2009) 
(ESM), Ridoutt et al. (2010), and Milà i Canals et al. (2009). The strengths and constraints of each 
LCA method are addressed and the wine production stages (disaggregated into foreground and 
background sub-systems) that mostly contribute to the water scarcity footprint are identified. The 
LCA-based methods differ significantly concerning the type of freshwater and characterisation 
factors (CFs) considered. The same functional unit (one bottle of ‘vinho verde’ with a total volume 
of 0.75 L) lead to different impacts : 1.0, 1.6 and 18.7 L eq, following the Pfister et al. (2009), 
Ridoutt et al. (2010), and Milà i Canals et al. (2009) methods, respectively, and 1.2 eco-points by 
using the ESM method. The inventory results obtained by using the method of Milà i Canals et al. 
(2009) differ significantly from the ones obtained by the other methods due to the consideration of 
land use effects. At the impact assessment level, a large variability of the results are mainly due to 
different modelling choices and CFs considered by each method. The results obtained by Pfister et 
al. (2009) and Ridoutt et al. (2010) identified the energy carriers from viticulture background sub-
system and from the wine production background sub-system as the unit processes that contribute 
most to the water scarcity footprint (40% and 38 %, respectively). Concerning the ESM method, 
the energy carriers of the wine production background are responsible for more than 40% of the 
water scarcity footprint. Following the Milà i Canals et al. (2009) method, the viticulture foreground 
is responsible for more than 95 % of the water scarcity footprint. This study contributes to the on-
going debate about the methods to be used to assess the impact derived from freshwater use 
under the LCA methodology. The high contributions of the background sub-systems show the 
relevance of widely include the freshwater use in LCA databases, avoiding duplication in data 
compilation and allow a spatially explicit water scarcity footprint.  
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Abstract 
Indonesia’s Law No. 18/2012 defines food security as the condition in which all people, in all 
households, at all times have sufficient food in both quantity and quality to enable them to live 
healthy, active, productive and sustainable lives, and that the food is safe, diverse, nutritious, 
equitably distributed and affordable, and does not conflict with religion, beliefs or culture. According 
to the Food Security and Vulnerability Atlas, Manokwari District in Province of West Papua was 
categorized as priority 2, strongly priority for improvement. The aim of this program was developing 
integrated bio-cycles farming system to improve their level of food security. The program was 
focused in Mansuburi and Wariori village, Masni Sub-district, Manokwari District, West Papua, 
Indonesia, from August 2015 for multi-years activities. Program was developed in cooperation 
between Kemendes PDTT (Ministry of Village, Development of Disadvantaged Areas and 
Transmigration); UGM Yogyakarta and local goverment of Manokwari District. The availability of 
food especially the production of rice, maize, cassava in Manokwari were relatively less developed. 
Based on the indicators of Normative Consumption per Capita Ratio (NCPR), the ratio of 
consumption to production in Manokwari was relatively high deficits (> 1.50) due to the limited rice 
area. Percentage of villages with no access to land and natural fresh water is quite low (<10%)., 
because of large area and high presipitation in Papua. The poverty was high (25-35%) causes a 
low access to food. About 30-40% of households have no access to clean water directly. Land 
conversion from forest area to Sawit estate area around Wariori river caused annual flooding that 
destroyed 60 ha of agricultural land during rain season since 2014, but the dried effect of El Nino 
phenomen in 2015 was strongly affecting agricultural production and food security. Development of 
master plan for food security 2015-2019 through (i) capacity building of human resources,  (ii) 
natural resource management (iii) business management, would give smart and futuristic 
perpective program for food security. Facilitating menu 1 (improved seed and fertilizer), menu 2 
(infrastructure of check dam, technical irrigation), menu 3 (hand-tractor, handsrayer, cultivator, 
transplator,  composting unit), and menu 4 (rice milling unit, power threser, post-harvest machines) 
would be very usefull  for food security, although delayed in execution. Technical assistance by 
expert from UGM Yogyakarta improved technical capabilty in managing natural resource for 
improvement of food security. The role of 2 assistants that were staying in the village was very 
important for community empowerment to support food security. 

 

Keywords: community empowerment, Top of Form food security, integrated farming, master plan,  
world food program 
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Abstract  
In recent years, Nigeria has been confronted with dwindling food production. This phenomenon 
has been exacerbated by activities of both the Boko Haram and the Fulani herdsmen; in the 
Northern part of the country, where the bulk of food is being produced. Yet, the growing population 
of the country with its demographic implications connotes further challenge in this area. These 
trends have witnessed the recent call for sustainable policies to promote food security. While 
extant studies have explored the effect of conflicts on food security in Nigeria, researches that 
have specifically investigated the interactions between the nation’s growing population, dwindling 
food production and conflict are rare. This study therefore, examines the possible interactions 
between agricultural food production, the nation’s increasing population, and conflict with a view to 
ascertaining how secured Nigeria is in terms of food production. The study is empirical in nature 
and it involved the use time-series data obtained from archival records which is typical of Quasi-
Experimental design. Data which span from 1981 – 2013 were sourced from National Bureau of 
Statistics (NBS), Central Bank of Nigeria (CBN) and World Bank (WB). Trend analysis is employed 
to estimate the time series data to show the nexus between these variables. The empirical findings 
show that there is a positive relationship between population growth and food production in 
Nigeria. This is at variant with Malthus' postulation about the link between population and food 
production. However, the unending conflict especially in the north-eastern part of the country, has 
affected food production, hence, there is food insecurity. In sum, Nigeria is not food secured. The 
study therefore recommends that government should immediately diversify the nation's economy 
towards agriculture that would have mechanized farming as its focus. Also, the government should 
begin to take steps at addressing the rising population, by putting place polices to reduce 
population growth. Finally, there should be concerted effort at ending both the Boko Haram and the 
Fulani herdsmen insurgence in Nigeria. 
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Abstract 
This article describes the research project called MUEPO (Urban Ecological Model of Vegetable 
Crop Production), coordinated by the PUC-Rio, which has developed a planting method for urban 
self-sufficiency that differs from the techniques of the tradition rural model, since it utilizes a labour-
intensive model together with computer technology for year-round production per square meter, 
ensuring economic and environmental sustainability, based on the diversity of horticulture, the use 
of varieties of local seed with organic farming techniques that absorb organic matter and manage 
pest and disease organically. The former describes the method that accurately projected the 
weekly production from each of the small gardens (200-1500 square meters) via a production 
planning methodology in Tinguá, Nova Iguaçu, an area in the metropolitan area of the city of Rio 
de Janeiro. Using Geographic Information Systems (GIS) and remote sensing techniques, an 
integrated system was created for the optimal commercialization and distribution of production 
from the gardens, based on routing tools and GIS. The study indicates the potential of hundreds of 
small continuous and organic production gardens to be marketed and distributed efficiently and 
profitably, for the benefit of both peri-urban vegetable growers and consumers with low 
environmental impact. The article concluded that through this peri-urban vegetable production 
model can be a decisively contribute to the local urban self-sufficiency, controlling urban sprawl 
and reducing the urban footprint in tropical regions of the planet. It also raises the need for 
research that addresses the organic farming techniques and increases the number of species that 
can be utilized in the method through concrete efforts of multidisciplinary integration within this new 
paradigm of production geared for urban self-sufficiency that is economically and environmentally 
sustainable. 

 

Keywords: continuous production of vegetables, organic farming, urban self-sufficiency, GIS, 
remote sensing. 
 

1. Introduction 
The global economy and the maintenance of life quality are supported by the services rendered by the 

ecosystem. These ecosystem services can range from tangible products such as animal species, food and 
water resources, to cultural services such as recreation and tourism (MEA 2005, De Groot et al., 2010, 
Trivedi et al. 2012, Guerry et al. 2015). Due to the numerous crises in biodiversity, water and the economy 
related to the expected increase of world population, the pressure on ecosystem services will increase 
considerably, threatening the assurance of supply (Moraes et al. 2013). Therefore, it is necessary that 
society, governments and businesses understand the limits of nature and develop methods, technologies 
and policies to ensure the sustainable use of ecosystems and their resources (Agenda 21 2001, Cohen et al. 
2013). 

Man's relationship with nature has become extremely out of balance, and this can be observed in recent 
changes to the planet's natural cycles and structures. These are occurring to such an extent that scientists 
have introduced the concept of a new geological era represented according to humanity's impact on the 
environment, called the Anthropocene (Walcacer, Lemos, Pires, & Guimarães, 2013). In addition to this, the 

planet's urban areas are becoming more crowded, as are their technical and scientific connection 
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systems. In 2020, 50% of the world's population will be living in urban areas (UNFPA, 2011). In Brazil, 80% 
of the population already lives in built-up areas (IBGE, 2009). 

Managing the flow of energy required to sustain cities is a problematic process, and this is applicable to 
energy in a wider sense, including the supply of raw materials for industry, agricultural production and all 
forms of waste disposal, as well as the effective use of electricity (Vuuren et al., 2012). 

Other complex issues include the inadequate use of urban soil and the uncontrolled production of 
organic and industrial waste that could be recycled or reused (Lemos, 2013). 

Cities require integrated solutions that reduce their system's entropy and make use of energy exchange 
cycles, reducing the impact to the environment and stimulating the sustainability of the system as a whole 
(Leff, 2004). 

Cities should seek to determine the flow, waste and inconsistencies associated with their energy use. 
They should also clearly and transparently disclose their carbon footprint, a measure used to evaluate the 
pressure that human consumption puts on natural resources and enable urban populations to understand 
the options and choices they have in creating a balance between their city and the environment 
(Wackernagel & Rees, 1996).  

Integrated actions that aim to transform the millions of tons of organic material produced in urban 
areas into fertilizer e sustaining millions of square meters of urban and suburban communal allotments e 
should be evaluated and tested (FAO, 2012). 

In the current system, urban areas are supplied with vegetables grown in distant rural areas. The 
production is sent to urban centres over large distances involving a huge amount of energy. Within the cities 
it is sent to large distributers, after which it is spread throughout thousands of points of sale of varying sizes. 
It is through this network that the produce finally reaches the city's population (Araujo, Firetti, Ros, Narita, 
2011). 
  The trade unit in rural areas is the hectare, which is used for the cultivation of relatively few plants 
and under the rigid specifications determined by the demand from urban areas. Therefore, rural production is 
made economically viable through mechanical technology, irrigation technique, chemical fertilizers, 
genetically modified seeds, pesticide based management systems and with high levels of mechanization and 
low labour costs (Albergoni & Pelaes, 2007). 

Urban areas generate tons of unused organic waste, which is sent to landfills and causes 
considerable pollution. Communal allotments could make use of this enormous quantity of material, as it 
would enable organic cultivation methods to be sustained at a local level and with shorter transport 
distances, therefore reducing the amount of carbon emitted by cities (MMA, 2012). 

Urban vegetable production requires specific factors that differ enormously from the more traditional 
rural production. Urban production grown in gardens or allotments is measured in m2 , involves a wide range 
of crops and uses large quantities of organic matter in the form of humus. An urban vegetable production 
model requires the use of a special management system in order to manage large numbers of small-scale 
productions and to supply one single trade unit (Rego, 1996). 

The world's agricultural model is in need of a green revolution that will harmonize increases in 
production with protection of the environment and a higher absorption of labour (Rego, Gomes, Nina, Nunes, 
& Montenegro, 2013). 

Peri-urban areas have been identified as possible restrictors of the urban sprawl through the 
productive use of these areas by raising vegetable crops, fruit-growing, floriculture, agriculture and intensive 
farming of small animals. On the other hand, the agricultural techniques used in these areas have been 
imported from traditional rural areas, such as the monoculture based on the hectare plantation unit; intensive 
mechanization and low manpower absorption; heavy chemical fertilization; phytosanitary control through 
agrochemicals; and the use of genetically modified seed varieties. These techniques of strong environmental 
impact become inadequate in urban and peri-urban areas, mainly due to the proximity between the areas 
under cultivation and the population. 

 This article describes the research project called MUEPO (Urban Ecological Model of Vegetable 
Crop Production), coordinated by the PUC-Rio, which has developed a planting method for urban self-
sufficiency that differs from the techniques of the tradition rural model, since it utilizes a labour-intensive 
model together with computer technology for year-round production per square meter, ensuring economic 
and environmental sustainability, based on the diversity of horticulture, the use of varieties of local seed with 
organic farming techniques that absorb organic matter and manage pest and disease organically. (Rego, 

2014). 
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 The article discusses a theoretical application of the method in a watershed called Tinguá in the 
municipality of Nova Iguaçu (metropolitan area of the city of Rio de Janeiro) based on small 200 to 1500 
square meter gardens that allowed for an accurate weekly identification of yield per each garden via 
production planning. Using geo-processing and remote sensing techniques, these gardens were integrated 
into a single marketing and distribution system, based on routing tools of Geographical Information System. 
The study indicates the potential of hundreds of small continuous and organic production units, efficiently 
selling and distributing for the benefit of both peri-urban vegetable growers and consumers, and with low 
environmental impact. 

2. Study area: the watershed of Tinguá 
 

The project study area was the Tinguá valley in Nova Iguaçu, the largest part of which is part of the 
REBIO-Tinguá (Biological Reserve), as can be seen in Figure 1. 

 
  

 Figure 1. Location Map of Rebio Tinguá highlighting the sub-basin of the Tinguá river. 

 

As shown in Figure 2, the largest part of the basin of the Tinguá River is occupied by well-preserved 
Atlantic rain forest, the southern region with plains of sparse urban area, and mostly used for seasonal 
crops, such as pumpkin and cassava that are of low financial return and heavy contamination of soil, 
groundwater, and rivers, due to the large amount of agrochemicals employed. The watershed is rich in water 
resources that are concentrated in the plain region, as can be seen in Figure 3.
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Figure 2. Map of land cover and land use of the Rebio Tinguá watershed from the visual classification of an orthophoto 
from 2007 with spatial resolution of 1m2. 

 
Figure 3. Map of the Tinguá river sub-basin with an estimate of the local hydrography. 

 

 



22nd International Sustainable Development Research Society Conference (ISDRS 2016), Vol. 1 
School of Science and Technology, Universidade Nova de Lisboa, Lisbon, Portugal, 13-15 July 2016 

 

569 
 

 

3. Method  
 

This study intended, from the analysis of the peri-urban landscape, to calculate the available areas 
for the implementation of a communal, continuous production model for urban commercialization, using 
image processing techniques and spatial analysis with geoprocessing tools. The ArcGis 10.3 software was 
used in both cases.   

The spatial cropping defined by the watershed of the Tinguá River, part of the municipalities of Nova 
Iguaçu and Duque de Caxias in the Metropolitan Region of the State of Rio de Janeiro, Brazil, demanded the 
organization of a geographic database, involving vector data such as contour lines, roads, rivers, Landsat 
satellite images and high resolution orthophotos.   

From the available data, a digital model of the basin area was generated, which allowed for manually 
extracting the boundary of the watershed and the local drainage network. 

Using Orthophoto with spatial resolution of 1m2 with photo interpretation techniques, seven 
categories of coverage and usage were identified: rocky outcrop, agriculture, field, buildings, embaúba 
(Cecropia), forest and urban areas. The classification involved field work where these areas were identified 
and the desired category standards were geo-referenced. A classification key was produced to guide all the 
work of the photo interpreter. With some random points in the area of greatest class density, an accuracy of 
above 90% was attained.   

By extracting agriculture and field classes, one grid was produced with a resolution of 100 meters by 
100 meters as shown in Figure 4. 

From the limits of each 100 x 100 cell, 133 units located southeast to the valley were selected, 
where there is a wider area of coverage and usage by the agriculture category. From this selection a new 
grid was created, with a resolution of 10 meters by 10 meters. This last grid was converted to vector format, 
with each cell a polygon corresponding to the spatial resolution of the original grid as can be seen in Figure 
5.   

From a buffer in the local access roads and rivers of the basin there was a subtraction from the 10m 
by 10m polygons file of the areas that were in these regions. The coverage and mapping were considered to 
eliminate the rectangles in areas of forests and buildings categories as can be seen in Figure 7.   

 Considering the data produced in the PUC-Rio MUEPO project, where 14 units of 10 meters by 10 
meters would be able to produce per week 200 bags of assorted vegetables using a control and 
management system of activities with a computational environment and organic cultivation techniques, it was 
possible to calculate the productive impact of this production system in the landscape of the Tinguá valley 
(Rego, 2014). 

 

4. Results and discussions 
 

The maps in Figures 4 to 9 provide a consistent and methodological way to identify regions that would 
be able to be occupied with a pulverized model of vegetables production, composed by geo-referenced 
planting modules with 10 x 10, 100 m2, containing a culture and its growth stage in a given week. 

In the study area in the southeast part of the valley with 133 modules of 100 x100, 10,000 m2, over 6500 
planting units, 100 m2 modules had been mapped. This number represents around 325 gardens compatible 
with the Rio Hortas project described in Rego, 2014, which could supply 65,000 families with a bag of 2.5 kg 
of assorted vegetables per week. On the same basis, the production system would generate direct 
employment of 1300 gardeners and around 1625 m3 of humus would be consumed monthly, since it is used 
in the organic farming techniques.   

The geo-referenced modulation system would allow the 6500 planting units to be controlled by a 
computerized system, where each module would have an identification and the owners would receive a 
weekly form with planting tasks, management and crops, indexed by planting units, modules, guaranteeing a  
global planning  to allow hundreds of crops to be alternated in space and time dynamically, respecting the 
planting rotation by unit and the compiling bags for family self-supply, enabling a concrete link between the 
producer and the consumer, between a peri-urban area and urban consumption areas, such as 
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condominiums, etc. The operational efficiency of this type of system would depend on the constant use of 
routing tools that would define the sequence of locations that would produce in a specific day, speeding up 
the composition of the bags and of the delivery system in the urban environment.  

On the other hand, success would depend upon the processing of the massive production of the organic 
material of the cities sent to landfills, generating abundant production of humus, which would systemically 
and drastically reduce the ecological footprint of tropical cities, such as the Tinguá Valley.  

 

 
Figure 4. Map of the Grid with a resolution of 100 meters by 100 meters in the length of the two categories: 
agriculture and field in the basin of Tinguá.
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Figure 5. Map of the selected 100X100 cells that generated a new grid with 10X10 cells in the sub-basin of 
the Tinguá River.

 
Figure 6. Map of the 10x10 matrix superimposed on the buffers of rivers and streets.   
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Figure 7. Map resulting from the 10X10 cells.

 
Figure 8. Detailed map of the 100X100 cells and 10x10 cells. In the centre are the units identified with 
culture and growth stage in weeks.



22nd International Sustainable Development Research Society Conference (ISDRS 2016), Vol. 1 
School of Science and Technology, Universidade Nova de Lisboa, Lisbon, Portugal, 13-15 July 2016 

 

573 
 

 
Figure 9. Detailed map of the 10x10 cells, planting modules, considering a lateral escape area, each 100 x 
100 cell would hold 64 cells to be converted into geo-referenced planting units, diversified and multi-
temporal. 

 

5. Conclusion  
Social and environmental issues are the great challenges of our time, and the contemporary 

metropolitan city should seek alternative solutions that make its relationship with the environment 
sustainable. In this context, peri-urban agriculture is a consistent way of greatly contributing to the 
improvement of people's quality of life and their relationship with finite natural resources.   

Moreover, urban agriculture cannot be confused with self-supply activities that have occurred 
throughout the history of human occupation: productive and individual gardens, such as those of 
monasteries and small farming initiatives in towns and citadels. The success of the present initiative requires 
a complete overhaul of how we see and act in this field, seeking a new logic for planting and marketing.   

The productive use of the peri-urban spaces with an organic and cooperative model as the one 
described in the present paper demands research regarding the multiple organic farming techniques, 
providing knowledge to subsidize farming practices based on local conditions of soil, climate and 
biodiversity, as well as the processing techniques of organic waste which demand adaptation to tropical 
conditions. 

Peri-urban agriculture depends on the integration and composition of tools of virtual networks that 
enable both the exchange of knowledge and products among urban producers and the formation of 
production cooperatives, creating supply and trade links between the areas on the periphery and the dense 
urban centres. 

Occupying and greening peri-urban spaces responsibly has a great potential to be explored, mainly 
in tropical and subtropical areas, helping cities to reverse their process of social and environmental 
disruption, for a synergy of low environmental impact that leads them towards sustainability. 
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Sustainable Organic Agriculture: Challenges to Russia´s Agricultural 
Policy 
Natalia Nesterenko, Nadezda Pakhomova, Knut Richter 
 

Abstract 
Agriculture as fundamental activity of man was traditionally considered as economic activity with 
important social functions. It provides a significant part of the world population with jobs and 
income. In recent years the model of organic farming is actively developing which   focuses its 
attention mainly on the ecological aspects, the problems of greenhouse gas (GHG) emissions, etc. 
Follow the increasing consumer demand and environmental consciousness of people organic 
agriculture demonstrates stable growth (2015, for instance, growth in Germany by 11.1 percent). 
To estimate this new agriculture model, it is reasonable to take into account more thoroughly the 
social and economic dimensions. It cannot be ignored numerous examples of violating the law on 
minimum wageby eco-farmers to ensure their price competitiveness with conventional farms 
[http://www.zeit.de/2016/13/landwirtschaft-oekobauer-mitarbeiter-ausbeute]. 

To define future perspective of traditional and organic agriculture and to elaborate for this sector a 
proper government policy necessary to pay attention to the Paris Agreements, namely to the goal 
to limit global temperature rises to levels “well below 2 °C above pre-industrial ones” (the 1.5°C 
goal). Notice that the annual total non-CO2 greenhouse gas emissions from agriculture comprise 
about 10-12 % of global anthropogenic emissions. In the E.U. the agricultural sector accounts for 
10 percent of the total EU GHG emissions and about 17 percent of the non-ETS GHG emissions; 
in Russia this sector accounts for 6.28 percent of the total GHG emissions 
(https://unfccc.int/files/ghg_emissions_data/application/pdf/rus_ghg_profile.pdf). Obviously, organic 
farming can significantly contribute to reducing GHG emissions from agriculture to adapt to climate 
change. 

The contemporary agriculture is facing some other challenges. Agriculture is one of the sectors 
that are most vulnerable to adverse climate impacts: in accordance with expert estimations, global 
food production could drop by 17 percent for each degree of temperature rise because of extreme 
weather events (drought, flooding, etc.). Simultaneously, agriculture plays a significant role in 
ensuring food security for a growing world population: it is expected to grow by 60% by 2050 
[http://www.arc2020.eu/2015/12/what-will-the-paris-agreement-mean-for-farming-food/].  

These findings provide a basis for usefulness of different models of agriculture and of the 
elaboration of a balanced development strategy. This can be achieved addressing to the 
contemporary conceptions of sustainable development, which  demonstrate a holistic view at the 
economic, ecological and social challenges to society and a balanced way of development goals 
and strategies at the international, national, regional levels, as well as at  micro (namely, business) 
levels. In this respect the authors draw their attention at the “European Initiative for Sustainable 
Development in Agriculture”and to the concept of integrated farming to support their position of 
merging the advantages of traditional industrial methods with the requirements of the organic 
agriculture. Follow this Initiative, integrating farming could be characterized as a sustainable 
production system which allows farmers to optimize their farm management, to raise further 
awareness and continually improve everyday practice on farm in order to meet future 
environmental, economic and social challenges and hence achieve parallel progress in all 
dimensions of sustainable development [http://sustainable-agriculture.org/integrated-farming/].  

Based on this concept the authors show that with respect to social and certain ecological problems 
traditional agriculture has not negligible advantages compared to ecological agriculture, especially 
if the attention is drawn to the above mentioned global task to supply the increasing world 
population with food and also to provide for this people proper quality of job and living conditions. 
Furthermore, the preferences to either traditional or to organic agriculture which can be found in 
the literature depend mainly on the perspective of the authors to the national, international, inner-
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generational and intergenerational aspects.  

The authors also provide some overview on theoretical perception, on the plans and on the 
implementation of the ideas of sustainable agriculture in the Russian Federation with its significant 
potential. The huge agricultural land of 38.8 mil hectares, estimated by 2013, Jan. 1, has not seen 
any chemical fertilizers for many years, offers great opportunities, but so far, organic agriculture 
occupies only about 0.1 percent of this land.  

The evaluation of the Russian Agriculture Policy in the light of these new challenges requires 
discussing some serious problems.  The absence of a contemporary legal regulation in Russia 
constitutes serious barriers to dissemination of organic as well as integrated farming. The Russia´s 
national standard of organic agriculture (GOST R 56508-2015) approved  by 2015, June 30, needs 
international acceptance, especially from the European Union. Under these circumstances, best 
international practices need application, including the EU experience to coordinate the agricultural 
and environmental policy, which is currently being adapted to the target settings of the Paris 
agreements. These are the following documents, which are developed and consistently 
implemented in the EU: Action Plan for the future of Organic Production in the European Union 
(Brussels, 24.3.2014. COM(2014) 179 final) which also contributes to the objectives set out in the 
Europe 2030 Strategy. In line with that document, the Common Agricultural Policy and the 
7thEnvironment Action Program 2020 require attention. Notice, that in Russia there are no 
analogues of a number of the above-mentioned documents, making it difficult to conduct an 
effective public agricultural policy based on the principles of sustainable development. As a 
positive signal can be seen the development of the government draft plan of implementation of 
measures for the ratification of the Paris Agreement and its implementation. Among the activities of 
the plan that relate to the competence of the Ministry of Agriculture is the elaboration of Action plan 
to reduce greenhouse gas emissions and some other measures.  

The authors provide also an analysis of the transition to the organic agriculture by implementing 
the methods known in the international arena, for various Russian regions.The authors identified 
factors, contributing to the development of organic agriculture and further have identified regions 
with the greatest potential for the development of organic agriculture, and the regions with a 
predominant development of traditional agriculture. The differentiation strategy of the development 
of organic farming should base on the currently existing opportunities and barriers. The authors 
suggest some recommendations for the modernization of social and environmental agricultural 
policy in Russia. 

Under the conditions of an incomplete state policy, the Russian business shows anyway some 
initiatives. Among them, the experience of solving the problems of poultry farms waste with 
simultaneous production of electricity and increasing the energy efficiency, and the practice of 
voluntary eco-labeling of food, so-called a leaf of life. Overall, the principles of organic agriculture 
do not yet meet that attention of the business, as they deserve. 

Keywords: traditional, organic and low carbon agriculture; sustainable development; agriculture 
and climate change; greenhouse gases emissions; market for organic products; organic standards 
and  legislation; environmental agricultural policy. 
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Abstract 
Farming on steep slopes and marginal lands is practiced by hundreds of millions of smallholder 
farmers around the world. These farmers, often with little capacity to relocate, are especially 
vulnerable to droughts and inundations, both of which are occurring with increasing frequency due 
to climate change. Surrounding communities are also vulnerable to environmental degradation 
(e.g. soil erosion, water contamination, increased run-off, loss of habitat and biodiversity) that often 
occurs when farmers on marginal lands seek to maximize profits through land clearing/burning, 
high pesticide and fertilizer use, and overgrazing. Agroforesty, silvopasture and organic agriculture 
are examples of alternative ‘climate-smart’ management practices that show promise to both 
increase farm resilience and mitigate climate change, while simultaneously enhancing the 
provision of critical ecosystem services. El Salvador is among the countries most vulnerable to 
climate change and was chosen as a study area representative of a large swath of sub-humid 
tropics across Central America dominated by smallholder agriculture. We used data from on-farm 
trials, landscape inventory and high-resolution satellite imagery from the mountains of northern El 
Salvador as inputs to spatially explicit models to 1) monitor ecosystem service indicators 
associated with climate-smart agricultural practices, 2) predict how indicators would change with 
widespread adoption, and 3) evaluate the potential for payments for ecosystem services at both 
the farm and landscape scale. Results of our field trials show that climate-smart agriculture can 
improve soil quality, increase carbon storage and benefit biodiversity without reducing yields. 
However, the current market value of individual ecosystem services at the farm scale may be low 
relative to farm-level monitoring costs. For example, model results show that carbon storage 
resulting from the adoption of agroforestry and silvopasture in the study area could lead to 
payments ranging from $12 – 35 ha-1 yr-1, but this amount may not incentivize farmers to change 
practices, especially after transaction costs. When ecosystem services were combined and 
assessed at the landscape scale, their value was substantial. Aggregated carbon payments for the 
32,000 ha study area are expected to range from $76,000 – 454,000 yr-1, depending on adoption 
rates and carbon prices. This amount may be sufficient to support community-scale efforts to 
promote adoption, especially if bundled with payments for other services. While bundling is 
complicated at the farm-scale, it may be more feasible at the community scale, especially with the 
use of remote sensing to improve monitoring efficiency. Community-scale payments could also 
enable communities to achieve multiple ecosystem service benefits through a suite of interventions 
(e.g. agroforestry, silvopasture, fire management, afforestation, reforestation, etc.), allowing 
activities to be tailored to the various, and potentially changing, objectives of both smallholder 
communities and individual land managers. While current farmer practices stem from a complex 
intersection of environmental, socio-economic (e.g. land tenure), cultural and political factors, 
quantifying and valuing the ecosystem services provided by climate-smart agricultural practices is 
a critical step to ensuring widespread and sustained adoption. 

 

Keywords: Agroforestry, Climate-Smart Agriculture; Ecosystem Services; Geospatial Land Use 
Modeling; Smallholder Agriculture 
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Abstract 
Agriculture has changed a lot regarding its definition and functions over the years, which include 
changes in the market supply, cultivation techniques and farmers' life and attitudes. In Guilan 
Province, the changes in social and economic systems have been associated with problems such 
as rural-urban migration, changes in patterns of rural life, the turning of farmland into residential 
land and changes in the rural productive and cultural context. The main aim of this study was to 
investigate the factors affecting farmers' attitude of the Shanderman District in Masal (Guilan 
Province in the north of Iran), towards the concepts of multifunctional agriculture. The number of 
farmers in the Shanderman District has reached about 4908 that, according to the Agricultural 
Service Center of Shanderman, are working in 38 villages, while there are 22 villages and 2326 
farmers in Shanderman rural district and 15 villages and 2582 farmers in Sheykh Neshin rural 
district. The sample of the present study consisted of 209 subjects who were selected from the 
total population using the Bartlett et al. Table. All of the questionnaires were completed directly by 
the researcher through interviews. They were distributed between the Central District and Sheykh 
Neshin District using cluster sampling method, resulting in 100 and 109 questionnaires, 
respectively, which is in proportion to the farmers of the two districts. The first part of questionnaire 
consisted of farmers' profiles regarding individual, technical-agronomic, economic and social 
characteristics. The second part included items to identify the farmers’ attitudes regarding different 
aspects of multifunctional agriculture. The validity of the questionnaire was assessed by professors 
and experts in the final questionnaire and Cronbach's alpha was used to determine the reliability 
by means of internal consistency. Alpha resulted in 0.844, which is considered an acceptable 
reliability value. Overall, the average scores of attitudes towards multifunctional agriculture show a 
positive tendency towards multifunctional agriculture, considering farmers' attitudes of the 
Shanderman district (SD = 0.53, M = 3.81). The results indicate that 35 farmers (16.7%) have a 
moderate attitude, 146 farmers (69.9%) have a positive attitude and 28 farmers (13.4%) have a 
very positive attitude toward multifunctional agriculture functions. Our results also highlight a 
significant difference between farmers' income source levels (F = 0.049) and agricultural literature 
review (F = 0.022) toward farmers' attitudes considering multifunctional agriculture (p < 0.05). 
Pearson correlations also indicated that there is a positive relationship between positive attitudes 
and family size, farmers' experience, size of land under cultivation, income, and social contribution 
activities. To assess the changes and to determine estimation equation for the expected attitudes 
of farmers toward multifunctional agriculture, we used multiple regression analyses. The results 
showed that the variation in the dependent variable depended on the farmers' experience in 
agricultural activities and their social contribution activities. This means that the variables included 
in the regression analysis are estimated to explain 12 percent of the variation in the dependent 
variable. 

Keywords: Multifunctional agriculture, Attitude, Effective factor, Sustainable agriculture 
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Abstract 
Advances in food production and distribution have led to improved nutrition for many, greater 
global product choice, and enhanced efficiencies and productivity in food system industries. 
However, problems persist: over 805 million people do not have enough food, over 1.4 billion 
adults and 40 million children worldwide are overweight or obese and non-communicable (often 
diet-related) diseases are becoming a significant threat to human health globally. These nutritional 
imbalances exist within a context of diminishing biodiversity in the global food supply and 
diminishing capacity of the ecosystem services on which our food supply depends (e.g. oceans, 
land, soil).  Further, our global food system has a profound impact on nations’ economies and 
communities. Many economies, but in particular low-income regions and agrarian-based 
economies, are negatively impacted by global food market fluctuations. Across a number of 
domains, evidence is mounting that our global food system is failing to provide what is required for 
sustaining healthy productive lives. This failure runs counter to what should be expected from 
modern advances in agriculture, production, understanding of human health and wellness, etc. 
begging the question: “Are we tracking and cultivating the correct indicators of success that will 
lead us to a global sustainable, secure food system that supports and is supported by healthy local 
communities?” Authors will present results from a Delphi research process that brought together a 
diverse panel of food system experts to address this complex question.  The objectives of this 
project were three-fold:  First, to create a multi-disciplinary, geographically diverse community of 
practice to collaborate on solutions that will lead us to a sustainable, secure global food system; 
Second, to identify a clear, robust, and parsimonious vision of success with respect to identification 
of a sustainable food system; Third, to develop a comprehensive set of indicators that will make a 
substantial contribution to the process of sound cross-sectorial planning, decision making, and 
policy development, relevant at both global and local levels, for sustainable, secure food systems.   
Through our research process, the first two objectives were met.  While the third objective was not 
fully met, a framework and method for identification of indicators to assess sustainability of 
community food systems was developed.  This framework is grounded in the Framework for 
Strategic Sustainable Development (FSSD), and will be presented in full. 

Keywords: Food, Community, Sustainability, Delphi, Indicators 
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Abstract 
Construction and demolition waste typically consist of a range of materials, derived from demolition 
or over supply in refurbishment and new build activities. As the developing world continues to 
reimagine cities, construction and demolition waste is a typical by product of this activity. Vietnam 
is one of these rapidly developing nations. As construction increases through a ramp up in 
development in Vietnam, the environmental performance of recycling the main constituent of 
construction and demolition waste, concrete, are not well documented. This paper addresses this 
lack of knowledge, by mapping the current recycling system and estimating construction and 
demolition concrete waste recycling performance in Hanoi now, and if positive changes were 
implemented. A review of existing literature, stakeholder interviews, field trips to construction/waste 
sites, and life cycle assessment are used to map and quantify environmental opportunities and 
performance of recycling construction and demolition concrete waste. By doing so, we investigate 
concrete waste management practices in Vietnam from a new perspective, via multi research 
methods. Insights developed reveal disposal practices and logistics pathways of informal and 
formal recyclers. This contribution includes the identification of constraints in the existing recycling 
system, and opportunities for change that may exist, including; value adding to concrete waste 
recycling options; learning from best practice; technological advancements in concrete recycling; 
concrete waste as an opportunity from an environmental standpoint; and avoiding landfill to benefit 
the environment. Finally, life cycle assessment helps in particular in estimating the environmental 
performance of the existing Vietnamese concrete recycling system, and for different potential 
recycling pathways. By doing so, we were able to conclude that concrete recycling that avoids 
landfill is a good environmental outcome in the Vietnamese context now, and in the future. These 
contributions are also linked to areas for further research, where life cycle inventory development 
could help deliver better environmental outcomes through the concrete recycling industry across 
Vietnam. 

Keywords: Recycling, Vietnam, Concrete, Construction and Demolition, Life Cycle Assessment 
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Abstract 
Grand Rapids, Michigan, USA is a medium-sized city located within the Lake Michigan watershed, 
one the five North American Great Lakes. Like many cities, Grand Rapids spends considerable 
money managing stormwater. Impervious surfaces collect and concentrate volumes of water and 
associated sediments and pollutants. This creates flooding, erosion, and pollution problems 
especially for downstream communities. However, stormwater quantity can be reduced and quality 
can be improved by mimicking natural hydrology, enhancing biodiversity, linking ecological and 
economic sustainability, taking an integrated approach at manageable scales, and viewing 
stormwater as a resource. Evidence is mounting that onsite stormwater management systems can 
be cost-effective but the detailed benefit-cost analyses are still lacking. Therefore the West 
Michigan Environmental Action Council, together with researchers from Grand Valley State 
University, estimated the economic benefits and costs of various green infrastructure (GI) 
practices. Each GI practice was standardized to treat 84.95 m3 of stormwater per 2.54 cm event. 
The economic (net present value) analysis used a benefit transfer approach to estimate the capital, 
operations, and maintenance costs as well as the direct and indirect benefits. The suite of benefits 
varied for each GI practice and included (as appropriate) flood risk reduction; reductions in 
stormwater volume, phosphorus, total suspended solids, and air pollution; scenic amenity value; 
and CO2 storage. A 3.5 percent discount rate was applied to all costs and benefits and each 
practice was analyzed over 50 years. Conserved natural areas had the largest net present value at 
$131.37/m3 WQv, followed by rain gardens ($54.03/m3 WQv), street tree planters ($52.97/m3 
WQv), and porous asphalt ($26.13/m3 WQv). No one GI practice is appropriate for all situations. 
Rather the choice of GI practice will be driven by the site and budget. This benefit-cost analysis of 
GI practices has policy implications for Grand Rapids and other small to mid-size Midwestern 
cities. With the array of options available to manage stormwater on site, municipalities like Grand 
Rapids are well-positioned to adopt the GI practices that are most appropriate. 

Keywords: green infrastructure, stormwater, benefit-cost analysis, street trees, porous pavement 

1. Introduction 
Local government units, including villages, cities, and counties, expend significant resources to 
manage stormwater. The City of Grand Rapids, Michigan, USA, for example, operates stormwater 
infrastructure valued at $533 million (City of Grand Rapids 2014). These government entities have 
a strong incentive to reduce expenditures by reducing the volume of stormwater they manage. 
Reducing runoff volumes also reduces both the risk of floods and the amount of pollution entering 
the water courses. 

The dominant paradigm in stormwater management for most of the 20th century was to move the 
water offsite as quickly as possible through ditches and pipes (“gray infrastructure”) and into 



22nd International Sustainable Development Research Society Conference (ISDRS 2016), Vol. 1 
School of Science and Technology, Universidade Nova de Lisboa, Lisbon, Portugal, 13-15 July 2016 

 

584 
 

the nearest stream or river. While effective at preventing ponding, moving large quantities of water, 
with its sediments and pollution, into water bodies resulted in flooding, erosion, and pollution 
problems for downstream communities. Since the 1990s an ecological paradigm has emerged that 
places stormwater quantity and quality within the context of integrated watershed management 
and low impact development. Stormwater quantity can be reduced and quality can be improved by, 
for example, mimicking natural (acceptable) hydrology, enhancing biodiversity, linking ecological 
and economic sustainability, taking an integrated approach at manageable scales, and viewing 
stormwater as a resource (Debo and Reese 2002). 

The gray infrastructure paradigm emphasizes public infrastructure built, maintained, and operated 
by the municipality. Stormwater infrastructure is a pure public good, that is, it is non-rival (under 
normal circumstances, everyone can benefit from it without “using it up”) and non-exclusive (once 
it is built, the municipality cannot exclude anyone from enjoying its benefits) (Weimer and Vining 
2010). There is little incentive for private landowners to invest in stormwater management 
practices because the benefits of their actions would largely accrue to their neighbors. The 
ecological paradigm based on onsite management and low impact development, however, 
requires significant investments on private property such as rain gardens, green (vegetated) roofs, 
and porous pavement. The misalignment of incentives results in a market failure. In the absence of 
policy, actors in the marketplace will underprovide onsite stormwater management systems and 
practices. This will be the case even if onsite management is less expensive than the traditional 
sewer infrastructure. It is not just about the costs, it is about who pays them. 

Evidence is mounting that onsite stormwater management systems can be cost-effective. The 
Center for Neighborhood Technology found that a municipal level green infrastructure plan could 
have significant net benefits for the community by reducing gray infrastructure capital costs by 
$120 million and providing more than $4 million in energy, air quality, and climate benefits annually 
.(Center for Neighborhood Technology 2014). If the net benefits of green infrastructure are 
positive, there is a compelling case that municipalities could save money and provide better 
environmental outcomes by providing incentives for private investment in onsite stormwater 
management through green infrastructure. 

This paper analyzes the benefits and costs of stormwater management using green and gray 
infrastructure in the City of Grand Rapids, Michigan, USA. Specifically, it addresses four green 
infrastructure practices: porous asphalt, rain gardens, conservation of natural areas, and street 
trees (tree planters / pits). Three other practices (green roofs, bioretention infiltration basins, and 
rain barrels) are assessed in a separate paper. This benefit-cost analysis is part of the Rainwater 
Rewards project which includes a web-based stormwater value calculator that estimates the 
baseline stormwater runoff quantity, the reduced runoff quantity after the adoption of green 
infrastructure systems, and the net economic benefit of those systems 
(http://RainwaterRewards.com). The Rainwater Rewards calculator accessible tool for citizens, 
landowners, and policy makers to calculate the public benefits of green infrastructure and craft 
policy instruments (e.g. refunds, tax credits) that encourage private investment in green 
infrastructure. 

The research team was inspired by the Center for Neighborhood Technology’s Green Values 
calculator to create one specifically for the smaller Great Lakes cities of Grand Rapids and 
Muskegon, Michigan. Though the Green Values national calculator provides a reasonable estimate 
for green infrastructure benefits and costs nationwide, stakeholders in the West Michigan region 
desired to have a calculator specifically tailored to its location. The Rainwater Rewards calculator 
also has updated cost and benefit information. The Rainwater Rewards calculator will be the 
centerpiece of a community engagement curriculum on stormwater management through green 
infrastructure. 

What we call green infrastructure in this paper goes by many names: low-intensity development 
(LID), stormwater best management practices (BMPs), stormwater management practices (SMPs), 
and others. While their definitions may differ slightly, they all refer to decentralized practices that 
reduce the quantity of stormwater entering watercourses. For the sake of consistency, we will 

simply refer to all of these practices as green infrastructure (GI). 
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1.1 Literature review 

The most comprehensive resource to date is the Green Values Stormwater Toolbox Calculator 
from the Center for Neighborhood Technology (CNT) (2007). The CNT calculator used a relatively 
simple web interface that allows users to enter lot-specific information. It calculated the stormwater 
runoff volume under typical circumstances and estimates the reduction through the use of green 
infrastructure. Costs estimates considered both construction and operation and maintenance 
costs. The calculator estimated the following benefits: reduced air pollutants, carbon dioxide, 
compensatory value of trees, groundwater replenishment, reduced energy use, and reduced 
treatment benefits. Not every GI practice, however, delivers each of these benefits. CNT currently 
offers three versions of the calculator: the original, one for Chicago, and a national (USA) 
calculator.  

Beauchamp and Adamowski (2012) used the CNT calculator and other valuation tools to estimate 
the value of GI compared to conventional infrastructure. GI development included reduced 
pavement designs, separate potable and non-potable water systems, greywater and blackwater 
sewage systems, and stormwater management using bioswales, wetlands, green roofs, and rain 
gardens. The planned development in the Montreal, Canada suburb of Vaudreuil-Dorion based on 
GI would cost 11-29 percent more than a conventional design. Housing values, however, were 
expected to increase by 15-27 percent which would offset the initial cost gap.  

The Water Environment Research Foundation (WERF) developed a suite of spreadsheet-based 
best management practice and low impact development whole life cost models (Moeller and 
Pomeroy 2009). The cost tool includes nine different practices, including permeable pavements, 
rain gardens, and street tree planters. The cost models allow practitioners to estimate the capital, 
operations, and maintenance costs for each practice and compare the cost-effectiveness of each. 
The default spreadsheet is populated with standard values but allows the user to input locally-
appropriate information about project costs, timelines, wages, and discount rates.  

Researchers at the University of New Hampshire’s Stormwater Center assessed the cost and 
performance of several low impact development practices including porous asphalt. They found 
that, contrary to conventional wisdom, porous asphalt had the lowest maintenance burden in terms 
of staff hours and the second lowest in annual costs. Porous asphalt also performed well in 
removing both total suspended solids and phosphorus (Houle et al. 2013). 

The Forest Service analyzed the costs and benefits of street trees in Midwestern cities. They found 
that, for public (street) trees, the benefits outweigh the costs over a forty-year period. For small 
trees like a crabapple the net benefit was $160 (in 2005), while for medium and large trees the 
benefits were $640 and $2,320, respectively. The Forest Service analysis did not, however, use 
discounting when assessing these benefits. Street trees provide heating and cooling energy 
savings, increase property values, reduce stormwater volumes by intercepting rainfall, and reduce 
air pollution (McPherson et al. 2006). 

Barnhill and Smardon (2012) facilitated a focus group around GI in Syracuse, New York, USA. 
They found three major barriers currently limit green infrastructure implementation. First is the 
homeowner financial cost. The costs of, for example, a residential rain garden are borne by the 
homeowner while the stormwater abatement benefits accrue to the community at large, especially 
downstream property owners – a classic market failure. The second barrier is a lack of knowledge 
about GI benefits, maintenance issues (including costs), and the use locally-appropriate practices. 
The third barrier is a failure to properly frame the issue. Framing GI in terms of neighborhood 
regeneration and sustainability can lead to more effective engagement. Engaging local 
stakeholders in developing GI can improve social equity. 

1.2 Benefit transfer 

The demand for environmental valuation information has outpaced research and funding for 
valuation projects. Consequently, many projects make up for the lack of data by using benefit 
transfer. Freeman (2003, 453) defines benefit transfer as “the practice of applying nonmarket 
values obtained from primary studies of resource or environmental changes undertaken elsewhere 

to the evaluation of a proposed or observed change that is of interest to the analyst.” The 
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location presently under investigation is commonly called the “policy site” and the location from 
which the values are drawn is the “study site.”  

Johnston et al. (2015) reviewed the generally accepted methods of benefit transfer. Unit value 
transfer, though the simplest, has several drawbacks which make it less desirable for policy 
applications. Unit value transfer applies a single, unadjusted willingness-to-pay (WTP) value from 
the study site to the policy site. In most cases unit value transfers result in unacceptably high 
errors and are usually not recommended. Rather than simply transferring the WTP number from 
study to policy sites, benefit function transfer applies the mathematical function, including all or a 
subset of variables, to the policy site. Applying the function allows the researchers to adjust for 
differences between the sites and reduce errors. The adjustment also allows a wider range of 
contexts to serve as study sites. This is important where few, or no, study sites are sufficiently 
similar to the policy site. Johnson et al.’s ten-step procedure for conducting a benefit transfer was 
used to estimate values for stormwater GI in the Grand Rapids area. 

2. Methods 
2.1 Runoff estimation 

The New York State Department of Environmental Quality created the Construction Stormwater 
Toolbox assist owner/operators comply with planning requirements under the New York State 
Pollutant Discharge Elimination System (SPDES). The Toolbox includes a design manual and a 
set of Excel-based runoff reduction worksheets (NYS Dept. of Environmental Conservation 2014). 
The worksheets are rigorous enough for SPDES compliance, yet flexible enough to be adopted in 
many circumstances. Much of upstate New York lies within the Great Lakes basin and has a 
climate similar to that of Michigan’s Lower Peninsula. After careful review, the project team 
deemed the New York State runoff reduction worksheets suitable for use in Michigan. The runoff 
reduction worksheets were used to establish baseline runoff volumes and to calculate the runoff 
reduced by implementing particular GI systems.  

The project’s unit of analysis was the 2010 census block. Census blocks were chosen because 
they are well-established, publicly available, and are small enough for fine scale analysis. 
Individual parcels were not used because the project team did not want to give individual 
landowners the idea that they would be compensated for the estimated market and non-market 
benefits of green infrastructure on their properties. The census block provides the minimum level of 
aggregation necessary while enabling fine-scale analysis. 

The Toolbox, as well as other studies (e.g. Houle et al. 2013), use the 90th percentile 24-hour rain 
event as the design criterion for stormwater management. In Michigan, the 90th percentile ranges 
from 1.96 cm to 2.54 cm (0.77-1.00 in) (Kuhns and Ulasir 2015). We chose to use the upper bound 
(2.54 cm) as the design criterion. We assumed that the GI practices would prevent all stormwater 
runoff for rain events up to and including 2.54. Ten years (2006-2015) of rainfall data from the 
Gerald R. Ford Airport in Grand Rapids were analyzed (Weather Underground 2016). The ten-year 
average annual rainfall in Grand Rapids was 101.60 cm (40.00 in) and ranged from 82.37 cm 
(2007) to 123.93 (2008) (32.43-48.79 in). The sum of rainfall events up to and including 2.54 cm 
averaged 70.99 cm (27.97 in) per year.  

2.2 Economic valuation 

The installation, maintenance and opportunity costs of the GI practices will be compared to the 
benefits of avoided stormwater runoff costs, pollution reduction, and aesthetic enhancement. 
These costs and benefits will be apportioned over the expected life of the system and analyzed 
using net present value (Formula 1).  

*=0.(*(1+/)*−0*(1+/)* 

Where green infrastructure is compared to gray infrastructure, the net cost of green infrastructure 
was calculated by: 
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0*(1+/)*=0*&/11.(1+/)*−0*&/23(1+/)* 

The direct benefits include reduced maintenance from avoided stormwater and reduced 
environmental and health costs related to water pollution. Green infrastructure also has indirect 
benefits. Street trees and rain gardens enhance a neighborhood’s aesthetic quality and may be 
measured through home prices. Street trees also remove air pollution and reduce energy costs by 
shading buildings.  

Where possible, the value estimates were taken from projects in Grand Rapids and adjusted for 
inflation. In other cases, the values reported in peer-reviewed and gray literature from other 
locations were used. These values were adjusted to the present Grand Rapids context using 
benefit transfer methods. Costs for gray and green infrastructure systems were cataloged through 
literature review and conversations with local governments and service providers. 

2.3 Value of avoided runoff 

The direct cost of stormwater management was estimated from government documents. The City 
of Grand Rapids completed a sustainability plan which included a stormwater asset and capital 
plan (City of Grand Rapids 2014). The projected annual cost to provide the Existing Level of 
Service for stormwater management, including both fixed and variable costs, was $3.60 million in 
2014. Stormwater reduction practices, however, only reduce variable costs. Fixed costs, such as 
system renewal (end-of-life replacement), inspections, and regulatory costs, were not included. 
Therefore only the annual variable costs (corrective and preventative maintenance) were used to 
estimate the value of avoided runoff. The city recognized that the existing level of service is 
inadequate. After careful review of three “level of service” scenarios, the city recommended 
pursuing Level of Service C (the lowest level) and increasing the annual budget for stormwater 
management to $10.38 million. This level focuses on maintaining critical infrastructure and high 
priority areas. The budget for inspections of catch basins and detention basins in Level of Service 
C includes $639,000 and $6,500, respectively. Unlike the inspection definition for other assets, 
inspection of catch and detention basins includes cleaning. Cleaning activities were listed under 
maintenance for the Existing Level of Service. Therefore catch basin and detention basin 
inspections were included in the variable costs. The city’s report used 2014 dollars. After adjusting 
for inflation to 2015 dollars using the Consumer Price Index, the total annual maintenance cost is 
$2,898,804. 

The stormwater management system processes runoff from the city’s impervious surfaces. A 
feature extraction process using Landsat imagery with a ground sample distance of 30 m x 30 m 
found 5,128 ha (12,671 acres) of impervious surface in the city (Xian et al. 2011). That is 44% of 
the entire city area. At the average 101.6 cm (40.0 in) of annual rainfall, each hectare generates 
9,651.93 m3/year (137,940 ft3/acre/year) of runoff, or 49,493,253 m3/year (1,747,837,740 ft3/year) 
for the whole city. Under Level of Service C, the annual maintenance cost per unit of stormwater 
treated is $0.0586/m3/year ($0.0017/ft3/year). The present value of 50 years of avoided stormwater 
at a discount rate of 3.5% under Level of Service C is $1.4219/m3 of water quality volume (WQv). 

2.4 Standardizing the green infrastructure practice 

Each GI practice was standardized based on a WQv reduction of 84.95 m3 (3,000 ft3) for a 2.54 cm 
(1.00 in) rain event using the NYS Stormwater Construction Toolbox. The tool calculates the size 
of the GI practice needed based on the area’s rainfall regime, total area, and impervious area. 
Asphalt and building roofs are typically 100% impervious surface. Rain gardens are assumed to be 
placed in residential areas. Analysis of Landsat imagery showed that residential areas in Grand 
Rapids have an average of 41 percent impervious surface. The corresponding areas that produce 
84.95 m3 WQv are a total area of 0.79 ha (1.96 ac) and an impervious area of 0.33 ha (0.81 ac). 
Residential areas, on average, have 14.3 residences per ha or just over 11 for 0.79 ha (0.07 ha 
per residence). If each of the 11 houses had a rain garden, each garden would need to have an 
area of 18.12 m2 (195 ft2). Conserving natural areas would reduce the total area that would 
generate runoff. We assumed that the conserved area would be replaced by an impervious 
surface. The tree planter calculator requires a maximum of 33% impervious surface. The 
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corresponding acreage producing 84.95 m3 WQv is 0.97 ha (2.40 ac) inclusive of 0.32 ha (0.79 ac) 
impervious acres (Table 1). 

 

Table 40: Amount of green infrastructure required to reduce 84.95 m3 of runoff per 2.54 cm rain 
event. 

GI practice Total area 
(ha) 

Impervious 
area (ha) 

Amount required 
to reduce 84.95 
m3 WQv per 2.54 
cm event 

Annual runoff 
avoided (m3) 
(all events < 
2.54)  

Porous asphalt 0.35 0.35 0.35 ha 2,374.51 

Rain garden 0.79 0.33 0.02 ha  2,375.95 

Conservation of 
natural areas* 

0.35 0.00 0.35 ha 2,374.51 

Tree planter / tree pit** 0.97 0.32 342 trees 2,374.51 

*reduced total area by 0.35 ha, not actual stormwater volume  
**reduced impervious surface area by 0.32 ha, not actual stormwater volume 

 

Once the size of the green infrastructure practice was determined, the cost for each was estimated 
using the Low Impact Development (LID) Cost Tools from the Water Environment Research 
Foundation (WERF) (Moeller and Pomeroy 2009). The LID Cost Tools are Excel-based 
spreadsheets that have default parameters but can be modified for particular situations. The 
default case was modified to fit the Grand Rapids study area, including local and current wages 
and, where possible, cost estimates from local service providers. Each GI practices’ size was 
adjusted based on the desired 84.95 m3 WQv reduction (per 2.54 cm event). The default costs 
were adjusted for inflation to 2015 from 2005 using the Consumer Price Index from the US Bureau 
of Labor Statistics. Maintenance costs were scaled to the project size where appropriate. The City 
of Grand Rapids expects that its detention basins and rain gardens to have a 50 year life span. 
The city plans to replace porous pavement after 25 years (City of Grand Rapids 2014). We used 
these life span estimates in our model. 

The capital and periodic operations and maintenance costs were combined into a present value 
calculation. A 3.5 percent discount rate was used for all present value calculations. This rate is 
appropriate for environmental projects with a lifespan of 30-75 years (Almansa and Martínez-Paz 
2011). The City of Grand Rapids uses a 50-year infrastructure planning horizon which is replicated 
in this analysis. 

2.5 Pollution Reduction  

In addition to reducing stormwater volumes, GI practices reduce pollution entering waterways. The 
annual pollution load from a particular site can be estimated using the following formula (Landphair 
et al. 2000): 

452678'=0.2266�9/12	2:�"2*.;277	*.�"%�0	(<&4) 

Where Rv is the runoff to rainfall ratio and C is the pollution coefficient. The rainfall amount was the 
annual total for events < 2.54 cm which totaled 70.99 cm. Rv was calculated for each GI practice 
using the NYS Stormwater Toolbox. Weiss et al. (2007) reviewed several sources and found that 
contaminant loads were fairly consistent. Values for C averaged 131+/- 77 mg/L (67% CI) for total 
suspended solids (TSS) and 0.55 +/-0.41 mg/L (67% CI) for total phosphorus. These average 

values were used in the calculations. All of the GI practices were sized to treat 84.95 m3 WQv 
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for a 2.54 cm event. The Minnesota Stormwater Manual reported the pollution reduction efficiency 
for various GI practices (Table 2).  

 

Table 41: Pollution reduction from green infrastructure SMPs. 

 Pollution reduction efficiency 

SMP Total suspended solids Phosphorus 

Porous asphalt 74% 45% 

Rain garden 85% 100% 

Tree pit 85% 80% 

 

The economic value of removing TSS and phosphorus was estimated from the treatment cost from 
a standard wastewater treatment plant. A 2007 report estimated that TSS removal costs $5.70/lb 
($12.57/kg) and phosphorus removal costs $220/lb ($485.01/kg) (WSB & Associates 2008). 
Adjusted for inflation to 2015 using the CPI, these costs are $5.93/lb ($13.07/kg) and $251.25/lb 
($553.91/kg), respectively. These values were based on the treatment plant’s 30-year life cycle 
cost including capital and O&M costs. Multiplying the pollutant reduction amount (kg) by the unit 
cost ($/kg) resulted in the value of stormwater removal for each m3 of WQv avoided per year 
(Table 3).  

 

Table 42: Unit price of pollution reduction. 

GI practice Annual pollution 
reduction  
(kg/m3 WQv/year) 

Economic value of 
avoided pollution ($/m3 
WQv/year) 

Porous pavement TSS   0.09691 

P   0.00032 

TSS   $1.27 

P   $0.14 

Rain garden TSS  0.11085 

P   0.00048 

TSS   $1.45 

P   $0.32 

Tree planter / tree pit TSS   0.10989 

P   0.00048 

TSS   $1.44 

P   $0.25 

Conserve natural area TSS   0.10989 

P   0.00048 

TSS   $1.44 

P   $0.25 

 

Reducing the volume of stormwater entering water bodies also reduces flooding risk in 
downstream locations. In 2013 the Grand River flooded the City of Grand Rapids causing an 
estimated $450 million in damages. The total water volume over the flood stage for the Grand 
River (above 5.49 m) for the entire flood period (4/21/2013-4/26/2013) was 111.29 million m3 (3.93 
billion ft3) (USGS 2016). This comes out to $4.04/m3 ($0.11/ft3) of flood water. Though this was a 
large flood, it was not record setting. A flood of this magnitude has a 10 to 25-year recurrence time. 

That is, a given year has a 4-10 percent chance of a flood of this size. Assuming a 25-year 
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recurrence time, the annual expected damage would be $0.16/m3 ($0.0044/ft3). This is the 
conservative estimate. Using the ten year recurrence time would result in higher damage 
estimates.  

The benefits of avoided stormwater volume, the avoided pollution, and the amenity value of 
volume reduction apply to all GI practices. Specific GI practices also yield other benefits. 

Rain gardens also provide a scenic amenity. Polyakov et al. (2015) studied the amenity value of 
rain gardens placed at street intersections in Sydney, Australia. Rain gardens were found to 
increase the median property value by six percent for those within 50 m and four percent between 
50 m and 100 m from the rain garden. Applying the six percent rate to Grand Rapids median sales 
price of $129,900 results in an effect of $7,794. At a 3.5 percent discount rate, the annualized 
value of a rain garden is $332 or $1.55/m3 WQv/year ($0.044/ft3 WQv/year) of runoff reduced.  

Urban trees provide many ecosystem services beyond stormwater mitigation. The Midwest 
Community Tree Guide documented and quantified the benefits provided by urban trees 
(McPherson et al. 2006). The guide lists the benefits of street trees by unit (kWh of electricity 
saved, pounds of air pollutants avoided, etc.) as well as the price ($/unit) of each. The magnitude 
of the benefits changes as the tree grows in size and maturity. For this analysis, we used the 
guide’s units and updated them with current and locally appropriate prices. In addition to the 
benefits described by McPherson et al., we also include the reduced flooding risk, reduction in total 
suspended solids, and reduction in phosphorus. Table 6 below shows the units, prices, and 
sources for each benefit. The avoided runoff volume estimates reported by McPherson et al. were 
substantially higher than those resulting from the NYS Stormwater toolbox. Therefore we 
conservatively used the lower estimate and applied the same runoff reduction rate across the 
trees’ lifetimes (Table 4). 

 

Table 43: Benefits of street trees (based on McPherson et al. 2006). 

Benefit Price ($/unit) Source 

Avoided runoff $0.0586/m3 City of Grand Rapids data 

Electricity 
savings 

$0.126/kWh 2014 EIA East North Central residential, 
adjusted for inflation 

Heating savings $0.009/kBtu 2014 EIA Michigan average residential natural 
gas price 

CO2 
sequestered 

$0.04/kg CO2 EPA social cost of carbon for 2015, $40/ton 
CO2 

Air pollution 
avoided 

Various McPherson et al. values adjusted for inflation 
using CPI 

Aesthetic value 0.81% of residential 
housing price 

McPherson et al. percentage applied to Grand 
Rapids average housing sales price, $129,900 

Flood risk 
reduction 

$0.18/m3 WQv/year  Current analysis 

Total suspended 
solids 

$1.45/m3/year Current analysis 

Phosphorus $0.24/m3/year Current analysis 
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Preserved open space areas have been shown to increase the property values of the adjacent 
lots. Thorsnes (2002) used a hedonic model of the Grand Rapids, Michigan area and found that 
forest preserves add 19-35% to the selling price of lots adjacent to the preserve. With average 
Grand Rapids homes selling for $129,900 in 2015, the 19% premium is $24,681. Annualized over 
50 years at a 3.5 percent discount rate, the value is $1,052 per home per year. We also assume 
that the preserved natural area would be adjacent to 12 lots. The total amenity value is therefore 
$12,626. Our analysis assumes that the conserved natural area would otherwise be converted to 
0.35 ha of 100 percent impervious surface (generating 84.95 m3 WQv for a 2.54 cm event). The 
resulting amenity value is $5.32/m3 WQv/year ($0.15/ft3/year). Many of the services provided by 
mature (25 year old) street trees were adapted for the conserved natural area GI practice, 
including the following: carbon dioxide storage ($1.40/m3/year); reduced air pollution 
($0.60/m3/year); avoided stormwater ($0.06/ft3/year); flood risk reduction ($0.18/m3/year); reduced 
total suspended solids ($1.44/m3/year); and reduced phosphorus ($0.24/m3/year). The total annual 
benefit from conserved natural areas was $9.23/m3/year. 

The benefits from all GI practices are summarized in Table 5 and Figure 1. 

 

Table 44: Summary of benefits from GI practices. 

GI practice Porous 
asphalt  

Rain 
garden 

Tree planter 
/ pit* 

Conserve 
natural 
area 

Avoided 
volume 0.5856 0.5856 0.5856 0.5856 

Flood risk 
reduction 0.1801 0.1801 0.1801 0.1801 

TSS pollution 1.2678 1.4479 1.4373 1.4373 

Phosphorus 
pollution 0.1377 0.3037 0.2401 0.2401 

Amenity 
value 0 1.5397 0.5509 5.3184 

Energy 
savings 0 0 1.1619 0 

Air pollution 
reduction 0 0 0.1624 0.6004 

CO2 storage 0 0 0.3143 1.3949 

Total annual 
benefits 1.6442 3.5301 4.0471-

11.3856 9.2300 
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Figure 19: Benefits of GI practices ($/m3 WQv/year). 

 

2.6 GI costs 

Green infrastructure costs were estimated using the WERF LID spreadsheet tools as a starting 
point and adjusted for inflation, technological advancements, and location-specific data.  

2.6.1 Porous asphalt 

Century West Engineering compared, side-by-side, the capital costs of conventional and porous 
asphalt for a 297.29 m2 (3,200 ft2) parking lot. The conventional asphalt lot cost $23,680 to 
construct ($79.65/m2) while the porous asphalt cost $25,960 ($87.32/m2). The comparison was 
conducted in Portland, Oregon in 2013. According to the US Bureau of Labor Statistics, Portland’s 
mean construction wage is $25.64/hour and Grand Rapids’ is $21.04. This ratio (0.84) was used to 
adjust the Portland asphalt construction costs to Grand Rapids and the costs were adjusted for 
inflation to 2015 using the CPI. The adjusted capital costs were $66.74/m2 ($6.20/ft2) for 
conventional asphalt and $73.09/m2 ($6.79/ft2) for porous asphalt. The figures were entered into 
the WERF LID cost model which includes 10% for engineering and planning and 20% for 
contingency. The total capital costs, including construction and development costs, were 
$88.10/m2 ($130.64/m3/year WQv) for conventional asphalt and $96.41/m2 ($142.95/m3/year WQv) 
for porous asphalt.  

Both conventional and porous asphalt have maintenance costs. It was assumed that porous 
asphalt would have all the maintenance of conventional asphalt plus its own specialized 
maintenance. The Whitestone Facilities Maintenance and Repair Reference and the Operations 
Reference list recommended maintenance hours for specific tasks related to facilities management 
including parking lots (Abate et al. 2009). The schedule for each task is listed in the table below. 
The Bureau of Labor Statistics reports that the average construction wage in Grand Rapids was 
$19.86 in 2015. This wage was used to calculate the cost for each task (Table 6). 

 

Table 45: Operations and maintenance costs for conventional asphalt. 
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Air	pollution	reduction	 CO2	storage	
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O&M task Frequency Hours/m2 Materials 
cost $/m2 

Total cost 
$/m2 

Total cost 
$/m3/year 
WQv 

Patch and seal 5 years 0.006 0.75 0.97 1.47 

Resurface 15 years 0.137 4.95 8.18 12.20 

Repair 25 years 0.079 8.61 11.19 16.53 

Snowplow and 
sweep 
(weekly) 

Annual - 0.32 0.32 0.53 

 

(Houle et al. 2013) estimated the maintenance costs for porous asphalt in New Hampshire. New 
Hampshire’s cold climate is similar to that of Grand Rapids and thus is an appropriate comparison. 
Houle et al. estimated that the personnel costs would be $939/ha/year and subcontractor costs 
would be $1730/ha/year. These values were adjusted to fit the Grand Rapids area by scaling them 
by the average construction and extraction occupation wages from the two cities as reported in the 
BLS’s Occupational Employment Statistics. The figures were also adjusted for inflation to 2015 
using the CPI. The additional maintenance costs for porous pavement were estimated at $0.25/m2 
($0.38/m3 WQv). The present value cost over fifty years comes out to $176.22/m3 WQv for 
conventional asphalt and $189.99/m3 WQv for porous asphalt (Table 9). 

2.6.2 Rain garden 

The 199.3 m2 (2,145 ft2) of rain gardens needed to mitigate 84.95 m3 (3,000 ft3) of stormwater was 
assumed to be spread over 11 residential homes (18.1 m2 (195 ft2) per rain garden). The 
Washington State Department of Ecology estimated the capital and maintenance costs of rain 
gardens (Herrera Environmental Consultants 2012). The mean of the reported low and average 
costs were $193.21/m2 ($17.95/ft2) and $0.73/m2/year ($0.73/ft2/year) for capital and maintenance 
costs, respectively. The construction wage differential between Washington and Michigan was 
used to adjust for location and the costs were adjusted for inflation using the CPI. The Grand 
Rapids costs for 2015 were $150.66/m2 ($14.00/ft2) for capital and $6.14/m2/year ($0.57/ft2/year) 
for maintenance. The WERF LID cost tool includes other costs, such as landscape design, first-
year establishment, and periodic maintenance costs. For the 199.3 m2 of rain garden GI practice, 
the total capital cost is $32,788 plus regular maintenance costs of $1,223/year. Periodic 
maintenance tasks include replacing mulch every three years ($4,605) and tilling the soil every five 
years ($3,105). It was assumed that the rain gardens would be installed professionally. Opportunity 
costs of land were included as described above. Capital and maintenance costs could be 
substantially lower if homeowners or volunteers did the work themselves. Standardized on a per 
m3 WQv basis, the total first-year cost is $14.48/m3 WQv/year ($0.41/ft3/year) with a total present 
value cost of $31.78/m3 WQv ($0.90/ft3) (Table 9). 

2.6.3 Conservation of natural areas 

Conserving natural areas comes with a high opportunity cost – the land will never contain income-
producing structures. This opportunity cost of open space was estimated using Thorsnes (2002) 
hedonic analysis of open space preservation in the Grand Rapids, Michigan area. The model 
included a variable for lot size. Thorsnes analyzed three developments around Grand Rapids. We 
based our calculations on the model for the development closest to the city in adjacent Plainfield 
Township. The hedonic model yielded an elasticity of 0.0031 for lot size; that is, a one percent 
change in lot size results in a 0.31 percent change in housing sales price. The average residential 
sales price in 2015 was $129,900 and the average lot size for the northeastern portion of Grand 
Rapids was 849.9 m2 (9,148 ft2). The value of an additional square meter of lot size, therefore, was 

$47.36 ($4.40/ft2). The annualized value at a 3.5 percent discount rate was $2.58/m2/year 
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($0.24/ft2). Therefore conserving 0.35 ha (0.87 ac) of natural area would have an opportunity cost 
of $3.88/m3 WQv/year ($0.11/ft3/year) and a present value cost over fifty years of $92.53/m3 WQv 
($2.62/ft3) (Table 9). 

2.6.4 Tree planters / tree pits 

The cost of street trees was taken directly from the Midwest Community Tree Guide which lists the 
costs for planting and maintaining a tree for 40 years in five year increments (McPherson et al. 
2006). The costs were adjusted for inflation to 2015 dollars. The guide presents three tree size 
options – we chose the medium tree (red oak, Quercus rubra) which is common in the area. The 
cost of planting a tree was $200 ($244 in 2015) or $982.46/m3 WQv ($27.82/ft3). Total 
maintenance costs, which include pruning, removal and disposal, treating pests and disease, 
infrastructure repair, irrigation, cleanup, liability and legal costs, and administrative costs, were 
$15.21-33.01 per year ($18.57-40.26 per year in 2015). Standardized to WQv and in 2015 dollars, 
the capital cost was $982.46/m3 WQv ($27.82/ft3) and maintenance costs ranged from $74.87/m3 
to $162.10/m3 WQv ($2.12/ft3-$4.59/ft3). Though the WERF LID cost tool includes a concrete tree 
vault in the default setting for street trees, the Forest Service analysis did not include a tree vault. 
Tree vaults, which may cost more than $1,000, were not included in our analysis. The total present 
value cost of the street trees over fifty years was $151.50/m3 WQv ($4.29/ft3) (Table 7). 

2.6.5 Opportunity cost of land 

Porous asphalt parking lots are co-located with existing infrastructure. Rain gardens and street 
trees, however, replace other valuable resources such as lawn space or sidewalks. The 
opportunity cost needs to be accounted for. The opportunity cost was calculated using the value of 
a square foot of residential lot size in the Grand Rapids metropolitan area. The opportunity cost of 
land for rain gardens, bioretention ponds, and street trees was calculated using the same method 
as that for conservation of natural areas (see previous section). For the 199.28 m2 of rain garden 
the opportunity cost equates to $0.212/m3/year WQv ($0.006/ft3/year).  

 

Table 46: Cost for green infrastructure practices. 

Infrastructure / GI 
type 

GI practice size  
(for 84.95 m3 WQv 
reduction per 2.54 cm 
event) 

PV cost  PV cost 
/ m3 
WQv 

PV cost / unit 
of GI practice 

Conventional asphalt 3,520.75 m2 $418,462 $176.22 $118.83/m2 

Porous asphalt 3,520.75 m2 $451,397 $189.99 $127.45/m2 

Rain garden 199.28 m2 $75,202 $3.18 $377.39/m2 

Conserve natural 
areas 

3,520.75 m2 $219,883 $92.53 $62.43/m2 

Tree planter / tree pit  342 trees $359,645 $151.50 $1,051.65/tree 

 

3. Results and Discussion 
The NPV analysis shows that five of the seven green infrastructure practices have positive net 
present values under the base case assumptions (Table 8, Figure 2). Conserving natural areas 
had the highest net benefits ($131.37/m3 ($3.72/ft3)) followed by rain gardens ($54.03/m3 
($1.53/ft3)) and street tree planters ($52.97/m3 ($1.50/ft3)). Porous asphalt also had a positive net 
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present value ($26.13/m3 ($0.74/ft3)).  

 

Table 47: Net present value for GI practices. 

Infrastructure / 
GI type 

GI size  
(for 84.95 m3 
WQv per 2.54 
cm event) 

PV 
benefits 
($/m3 
WQv) 

PV cost GI 
($/m3 
WQv) 

PV cost of 
gray 
($/m3 
WQv) 

Net 
Present 
Value  
($/m3 
WQv) 

Porous asphalt 3,520.75 m2 $39.91 $189.99 $176.22 $26.14 

Rain garden 199.28 m2 $85.82 $31.78 - $54.04 

Conserve 
natural area 

3,520.75 m2 $224.25 $92.52  $131.73 

Street tree 
planter / tree pit  

342 trees $204.47 $151.50 - $52.97 

*Not standardized to 84.95 m3 WQv 

 

 
Figure 20: Benefits, costs, and NPVs of GI practices. 

 

The GI practices showed a high degree of variability among their net present values. Conservation 
of natural areas owes its high NPV primarily to the amenity value it brings to a neighborhood. The 
scenic amenity value accounts for more than half of the total annual benefit ($5.30/m3 ($0.15/ft3) 
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out of $9.18/m3 ($0.26/ft3)). The cost of conserving natural areas comes from the opportunity cost 
of development. We assumed these areas would be kept in a relatively natural state without 
maintenance costs. While there could be some additional costs associated with this, such as deer 
and other wildlife eating residential garden plants, these were difficult to quantify and were not 
included in the analysis. The premium paid on lots adjacent to the conserved natural area, 
especially when combined with the suite of other ecosystem services, outweighs the opportunity 
cost. This suggests that low-impact development patterns that concentrate development in one 
area while leaving natural areas intact can be a highly cost-effective practice. It is cheaper to avoid 
generating stormwater runoff rather than treating it later on. This requires, however, considerable 
planning and long-term commitment. Natural areas are often scarce in cities like Grand Rapids so 
this practice may have limited potential outside of greenfield development sites. 

Because of the low capital and O&M costs ($31.78/m3 WQv ($0.90/ft3)), rain gardens are an 
attractive GI practices for homeowners and small commercial property owners. These had the 
second-highest NPV of the green infrastructure practices evaluated. Our analysis assumed that 
the rain gardens would be professionally installed. The net benefits could be even higher if the 
property owners install the rain garden themselves or with volunteer help. Rain gardens are also 
highly scalable and can be used on large or small city lots.  

Street trees were third in terms of net present value at $52.97/m3 WQv ($1.50/ft3). Street tree 
planters provide substantial benefits over their lifetimes. Trees, however, take time to mature and 
the full benefit of street trees takes decades to be realized. When using only the McPherson et al. 
(2006) data updated for inflation and with a 3.5 percent discount rate, the net benefits were just 
barely positive. Since 2006, costs for electricity and heating have increased faster than the rate of 
inflation. Updating the McPherson study with current costs and additional water pollution benefits 
shows that street trees are even more valuable than once thought. The present value costs are 
relatively low compared to porous asphalt. Mature trees provide a high level of benefit but it takes 
decades for the trees to grow. Even with a reasonable discount rate, the benefits of street trees still 
exceed the costs. When the McPherson et al. (2006) avoided runoff volumes were used, the NPV 
increased to $53.68/m3 WQv ($1.52/ft3). This all suggests that street tree planters are cost 
effective under a wide range of assumptions. 

In our analysis, the present value costs of porous asphalt are less than ten percent higher than 
those of conventional asphalt. Porous asphalt has positive net benefit of $26.13/m3 WQv 
($0.74/ft3). Studies from the University of New Hampshire’s stormwater center showed that porous 
asphalt can be a cost-effective solution even in cold climates similar to that of Grand Rapids 
(Houle et al. 2013). Though porous asphalt is effective at reducing stormwater volumes and 
treating water pollution, it does not provide any amenity benefits like the other green infrastructure 
practices considered here.  

We assumed that the entire impervious area would be paved with porous asphalt. That may not be 
necessary, however, as strategically placed areas of porous asphalt can effectively treat 
impervious areas that drain to it. This would reduce the needed area of porous asphalt and thus 
reduce the project cost. The City of Grand Rapids is already experimenting with strips of porous 
asphalt in the parking lanes of some city streets.  

This benefit-cost analysis comprehensively documented the values associated with GI practices. 
Some values, however, are more certain than others. The amenity values for rain gardens in 
particular are understudied. Our literature review found one study of rain garden amenity values 
(Polyakov et al. 2015). Rain gardens have grown in popularity so it should be possible to see 
whether their presence affects housing values.  

This benefit-cost analysis of green infrastructure practices has policy implications for Grand Rapids 
and other small to mid-size Midwestern cities. First, green infrastructure practices provide a suite 
of benefits including stormwater volume reduction, air and water pollution reduction, and scenic 
amenities. The traditional gray infrastructure provides a far more limited suite of benefits, often 
managing just for stormwater volumes. Therefore investments in green infrastructure practices 
provide far more value for each dollar invested. Second, the net benefits from green infrastructure 

practices, though variable, are mostly positive. Third, the benefits are largely external to the 
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property owners. That is, the costs of green infrastructure practices are borne by the landowner but 
the benefits accrue to the public. This results in a market failure – fewer green infrastructure 
practices will be implemented than are socially optimal. There is a strong argument for public 
policy to provide incentives – financial, knowledge, or otherwise – for more private investment in 
green infrastructure practices.  

A stormwater utility fee may be the most economically efficient policy to incentive green 
infrastructure practices. For example the City of Ann Arbor, Michigan, USA, implements a 
stormwater utility fee (City of Ann Arbor 2015). The advantage of a stormwater utility is that it puts 
a price on runoff from impervious surfaces, thus internalizing the externality. Landowners have the 
flexibility to either pay the fee, or reduce their runoff by investing in the most cost-effective green 
infrastructure practices. Pricing stormwater runoff also fosters innovation by rewarding 
entrepreneurs who can invent next-generation green infrastructure practices. 

Policies can also overcome knowledge and institutional barriers. Barnhill and Smardon (2012) 
identified three major barriers that limit investment in green infrastructure: the “public good” market 
failure; a lack of knowledge about the true costs and benefits; and challenges in framing the issue. 
The market failure could be addressed by a stormwater utility. A comprehensive outreach and 
education program could provide more accurate, relevant, and timely information to residents and 
landowners about green infrastructure. Barnhill and Smardon’s work suggest the outreach will be 
more effective if it is framed in terms of neighborhood regeneration, sustainability, and social 
equity. The benefit-cost analysis will be used to create a publicly available, web and mobile-based 
GI calculator as well as will inform a comprehensive outreach and education campaign in Grand 
Rapids and Muskegon, Michigan. The research team will collaborate with local government units to 
encourage landowners to adopt green infrastructure practices.  

4. Conclusions 

The benefit-cost analysis for the various green infrastructure GI practice shows that porous 
pavement, rain gardens, conserving natural areas, and street trees are cost-effective options. No 
one GI practice is appropriate for all situations. Rather the choice of GI practice will be driven by 
the site and budget. Porous asphalt is an attractive GI practice given that parking lots are 
necessary and the additional capital and O&M costs over conventional asphalt are modest. Rain 
gardens are low-cost and attractive options for small sites like homes and street corners. 
Conserving natural areas requires substantial up-front planning and a willingness to forgo 
immediate income. Over the thirty-year project life cycle, the benefits of the conserved areas more 
than make up for the opportunity cost of development. Street trees take time to fully provide the 
suite of stormwater mitigation and other ecosystem services, but their benefits are still greater than 
the lifetime costs.  

With the array of options available to manage stormwater on site, municipalities like Grand Rapids 
are well-positioned to adopt the GI practices that are most appropriate. 
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Abstract 

Creative tourism enhancement of archaeological heritage discovered during the environmental 
impact assessment of development projects poses special challenges and calls for cross-sectorial 
collaboration due to the diversity of stakeholders involved in this context. This paper focuses on 
the case of the Alqueva dam (Alentejo region, Portugal) to understand if these collaboration 
conditions are present. Semi-directed interviews were held with 38 regional actors of the tourism 
and heritage sectors and with the dam construction developers responsible for rescue archaeology 
interventions. Findings confirm the need to improve the communication and knowledge exchange 
among the wide range of stakeholders involved in construction, cultural heritage and tourism 
sectors. The conditions for the emergence of a creative tourism destination framework are 
identified and discussed and a model for destination management is presented which potentially 
contributes to increase cross-sectorial collaboration.  

 

Keywords: destination management; creative tourism; regional cluster; Alqueva dam. 
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Pollution control costs of a transboundary river basin: empirical tests of 
cost allocation mechanisms’ fairness and stability using game theory  
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Science, Changsha 410006, guangming0424@126.com 

Abstract 

Transboundary water resource and pollution conflicts tend to be common with economic growth. In 
transboundary water pollution conflicts, unidirectional or reciprocal externalities exist among 
countries/regions but no supranational organizations implement policy instruments to avoid these 
externalities. Meanwhile, water resource is a classic public good that has a non-excludability 
property. These characteristics usually pose free-ride problems that lead to the tragedy of the 
commons. Game theory is generally employed to study such problems because it permits the 
analysis of the strategy and behavior of different agents (countries) under certain behavioral 
assumptions. In 1989, Kilgour et al. (1989) first applied game theory using chemical oxygen 
demand (COD) load control as an example to analyze transboundary pollution problem. Since 
then, many other researchers have applied it to analyze the cost effectiveness of pollutant 
reduction and cost/gain allocation. Most of the studies applied game theory to analyze the 
cost/gain allocation of cooperation and non-cooperation for different agents. However, they ignored 
the analysis of the stability and fairness of gain allocation. If gain allocation is not stable, then 
cooperation will not persist in the end. An analysis of cooperation stability can thus be helpful to 
stakeholders making long-term decisions. Owing to its rapid urbanization and industrialization, 
China is facing increasingly serious water pollution and water scarcity problems. The discharge of 
pollutants into rivers has caused river quality to worsen over the years (SEPA, 2000−2012). Poor 
water quality has caused serious transboundary water resource and pollution conflicts, such as in 
the Huai River basin, which involves four provinces. Given that these conflicts always involve 
multiple stakeholders, coordinating the interests of the stakeholders is necessary. Accordingly, this 
paper seeks to establish a game-theory-based analysis model of transboundary river basin 
pollution. Furthermore, by using a Chinese river basin as an example, we study gain allocation 
mechanisms between cooperation and non-cooperation and discuss the stability of cooperation in 
different regions. Results demonstrated that the fully cooperative coalition yielded the highest 
relative gain for regions willing to cooperate if each region agreed to negotiate by transferring part 
of the relative gain obtained from the cooperation to cover the losses of other regions. In addition, 
different regions were found to have different preferences and stability for different kinds of 
allocation in a fully cooperative scheme. 

Keywords: Cooperative game theory, Transboundary river basin pollution, Cost allocation 
mechanism, Cooperative stability and fairness 
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Abstract 
Rivers are among the natural assets subject to greater human pressure, not only because water is 
essential to life support and economic activity, but also because rivers are associated with other 
key resources like agricultural land, biological and mineral extraction, and transport routes. Rivers 
are hubs of civilization and cultural identity, but also sources of conflict. Cumulative water 
abstraction, water pollution from domestic, industrial and agricultural sources, overfishing, dam and 
dyke construction, siltation from deforestation, drainage of wetlands, sand extraction, land filling, 
urban sprawl, have led to the degradation of natural river landscapes, and jeopardized ecosystems 
services provided by river basins.  Portuguese rivers have been a source of welfare and cultural 
identity; however, this often led to over-exploitation, ultimately undermining sustainable 
development. Some indicators of river ecosystem use and quality in Portugal: adequate monitoring 
exists in only 50% of water bodies under Water Framework Directive; only 52% of inland water 
bodies have good ecological status; water abstraction intensity has reached over 15% of natural 
river flow, high for the Mediterranean region; over 80% of major rivers have been heavily modified, 
mostly by dams, causing deep cumulative ecosystem changes and the retention of sediments, 
increasing coastal erosion; natural riverbank habitats in major rivers have all but disappeared due 
to agricultural or urban use; some migratory species, e.g. sturgeon and salmon, have gone extinct; 
others, such as trout, lamprey and saramugo, are threatened; commercial fisheries, e.g. sardine, 
who depend on estuaries for reproduction, suffer dwindling stocks.  Environmental awareness and 
official policies (often from the EU) have begun to invert some negative trends: e.g. urban and 
industrial wastewater treatment rose, from close to zero 30 years ago, to present 74%. 
Unfortunately, the impacts of other activities are less valued or understood, and show a negative 
trend: a case in point is dam construction. At present Portugal has 228 large dams with 68 hydro 
power plants (plus about 7000 small dams), accounting for 20% of national electricity production, 
50% of water abstraction, and the irrigation of thousands of km2 of land. Current plans for five new 
large dams on the Tua and Tâmega rivers, if allowed to proceed, would eliminate the largest near-
natural rivers in Portugal. These state-subsidized projects, which bypassed habitat protection and 
water management regulations, would be used for power generation, accounting for 0.5 % of 
national energy consumption, at a much higher cost than available alternatives. New dams are 
currently the main threat to Portuguese river ecosystems, and a major blow against local 
sustainable development plans. Cultural heritage, natural landscapes, white water sports, 
mountain railways, agricultural land and other unique assets are key to both maintain 
environmental quality and promote local jobs (and would be severely impaired by the new dams). 
In the past decade, several initiatives have risen to promote local development related to natural 
rivers and better water management, and of need to fight new dam construction. Those 
movements evolved to platforms that encompass local communities, environmental NGO, wine 
companies and ecotourism business. 

Keywords: rivers, water management, local development 

1. Introduction 
Rivers are among the natural assets subject to greater human pressure, not only because water is 
essential to life support and economic activity, but also because rivers are associated with other 

key resources like agricultural land, fish nurseries and fishing grounds, transport and trade 
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routes, flat land requested for construction and mineral extraction. Rivers have long been hubs of 
civilization and cultural identity. 

Multiple uses have often made rivers a focus of conflict. Different economic and social activities 
compete for what has been a scarce resource since humankind became sedentary. Cumulative 
water abstraction, water pollution from domestic, industrial and agricultural sources, overfishing, 
dam and dyke construction, siltation resulting from deforestation, drainage of wetlands, sand 
extraction, land filling, urban sprawl, have led to the degradation of natural river landscapes, and 
jeopardized ecosystems services provided by river basins. Ultimately, those multiple degradation 
factors reduce the availability of already scarce water resources. Current trends of climate change 
and loss of biodiversity compound the problem. 

Water management has long been a contentious issue, and has been recognised, in many 
international fora, as one of the key environment and development challenges our society faces 
(UN, 1992; EEA, 2009, UN 2015). In the European Union, a key step was taken with the creation 
of the Water Framework Directive (WFD, Directive 2000/60/EC), which provides a comprehensive 
framework for water management, including criteria for chemical and ecological quality and 
management tools. 

Portugal is a case in point in water management. Like in other countries, Portuguese rivers have 
been a source of welfare and cultural identity; however, this often led to over-exploitation, 
ultimately undermining sustainable development. The country has long possessed state-of-the-art 
instruments to deal with water management, at least since the early 1980s, from sanitary and 
environmental engineering technology to data collection equipment, laboratory facilities, know-how 
on mathematical simulation models and management tools. However, progress has been slow and 
uneven. Much attention has been given to basic sanitation, especially water supply, wastewater 
treatment facilities and to the distribution of water resources among major users (urban supply, 
agriculture, industry). Much less attention has been paid to the river ecosystems, either for their 
intrinsic value, or for the services provided: life support, good water quality, a variety of economic 
activities, social amenities. There is reasonable information on the state of the environment, but 
often it is not used in policy-making or management decisions. Wild rivers have become a rarity in 
Portugal. 

The goal of this paper is to study key problems threatening Portuguese rivers, focusing on dangers 
that have been neglected or are worsening; and discuss approaches that have been used to deal 
with them. Among a general trend of improving water management practice, one particular piece of 
policy emerges as contradictory: the national large dam plan. 

2. Methods 
The research reported in this paper followed three main steps: 

- Brief review of major indicators regarding water management and river quality in Portugal, 
with an emphasis on the ecological component and ecosystem services. Most of this 
information is available in official reports; 

- Identification of major threats, especially those worsening over time. This was obtained 
from official documents, expert and stakeholder consultation; 

- Discussion of approaches to deal with the increasing threats against water management, 
particularly the disappearance of wild rivers. 

3. Results and discussion 

3.1. Key indicators on river status 

Some indicators of river ecosystem use and quality in Portugal: 

- Adequate monitoring of water bodies under the WFD is acknowledged as insufficient. 
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Available information indicates that only 52% of water bodies have good or better status 
(APA, 2016); 

- Water abstraction intensity has reached over 15% of natural river flow, high for the 
Mediterranean region; 

- There are no updated data due to the decommissioning of hydrometric teams in 
governmental agencies in the past decades, and the lack of investment in monitoring 
networks, but it is estimated that between 80% and 90% of major rivers have been heavily 
modified, mostly by dams, causing deep ecosystem changes and the retention of 
sediments, increasing coastal erosion; 

- Natural riverbank habitats in all major rivers have all but disappeared due to agricultural or 
urban use;  

- Due to habitat fragmentation and water pollution, several migratory species, e.g. sturgeon 
and salmon, have gone extinct in historical times; others, such as trout, lamprey and 
saramugo, are threatened; commercial fisheries, e.g. sardine, who depend on estuaries for 
reproduction, suffer dwindling stocks. 

Environmental awareness and official policies (often from the EU) have begun to invert some 
negative trends: urban and industrial wastewater treatment rose, from close to zero 30 years ago, 
to present 74% of population served; good quality public water supply rose to 98% of population 
served (APA, 2015). Agricultural runoff, although still a very significant problem, has been 
increasingly controlled by means of good practice codes, rising agro-chemicals prices, increasing 
use of biological agriculture and environmental measures in agriculture European subsidies. 
Unfortunately, the impacts of other activities are less valued or understood, and show a negative 
trend: a case in point is dam construction. 

Water resources planning under the WFD, currently under way in Portugal, identifies all of the 
above pressures and dangers to water bodies (APA, 2016). Strangely, the National Water Plan, 
which serves as framework for the operational basin plans, neglects to identify the blatant conflict 
between almost every goal in the Plan, and the impacts created by projected new large dams. 
3.2. Main impacts of large dams 

Large dams have been marketed as the pinnacle of “good” electricity production, vital instruments 
for flood control and water storage, drivers of regional development and touristic promotion, and a 
solution to fighting climate change. These advantages are claimed by dam promoters, emphasized 
by governments and stated in hydro projects environmental impact assessments (McCully, 2001).  

In Portugal it is no different. Enacted as upper public national interest, these constructions are 
promoted with public funding and shielded from consequent public participation, undermining 
worldwide scientific evidence of environmental and social impacts, negative externalities and 
investment, performance and risk indicators.  

The impacts of dams depend on its physical and operational characteristics, as well as the region, 
climate, orography, hydrology, soil and habitats it is settled upon. Habitat destruction and reduction 
of biodiversity is the most visible impact. The shift from a flowing river into a reservoir, the barrier 
effect to fauna and the destruction of the river continuum are obstacles for transverse and 
longitudinal exchanges in fluvial ecosystems (Ward & Stanford, 1995). According to the National 
Report on Habitats Directive (ICNF, 2013), 35% of species and 66% of habitats under the Habitats 
Directive have an Unfavourable status, including most river habitats; 40% of protected species 
have unknown conservation status. 

The main pressure threatening species conservation is the alteration of natural systems, namely 
river basin artificialization such as fragmentation by dam construction and river flow regime 
alteration. 

One of the longitudinal functions of rivers affected is the nutrient and sediment transport.  Together 
with flow regularization, sediment retention is responsible for diminishing the volume available for 

water storage in the medium and long-term. However, downstream impacts have a higher 
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cost, as dams interrupt the sedimentary cycle and the coastal replenishment of sand. Several 
models have been used to assess this, and it is estimated that dams are responsible for an 80 % 
reduction of sand volume arriving at the Portuguese coast nowadays (GTL, 2014).  

A large dam also results in water quality degradation, a phenomenon related to the retention time 
in the reservoir. The main effects are increased water temperatures and nutrient load, decreased 
turbidity and dissolved oxygen, and heavy metals and minerals concentration alterations. As water 
temperature increases, dissolved oxygen diminishes, jeopardizing the bacterial function to break 
down organic matter and thus increasing the likelihood of eutrophication. The current state of many 
Portuguese reservoirs is a case in point. 

Another major environmental impact is the contribution of reservoirs to climate change. From the 
destruction of important carbon sinks (forests, wetlands, riverine ecosystems) to the construction of 
these major works, carbon dioxide emissions are increased. However, the most significant is 
methane emissions from reservoirs, a more powerful greenhouse gas that carbon dioxide. 
Although research on this topic is still limited, recent studies suggest that emissions from 
reservoirs could be responsible for 4 % of all anthropogenic global warming (IR, 2016). Estimates 
of methane emission in Portuguese reservoirs have never been modelled, due to lack of data and 
monitoring effort. 

On the other hand, climate change can have a negative impact on hydroelectric production. 
According to the IPCC, hydroelectric production can be directly affected by changes in precipitation 
patterns (IPCC, 2007a/2014). In fact, hydropower potential is expected to decline from 20 to 50 % 
in the Mediterranean region by 2070 (IPCC, 2007b). 

Dams are also advocated as regional development enhancers. Under the label of a “green” energy 
source and the lure of job opportunities, utilities companies mask the impacts by offering mitigation 
and compensation measures (often later found ineffective). Local governments hail the dam as a 
touristic asset for their regions, disregarding the opinions of local populations and economic 
agents. However, academia has repeatedly proven utilities and local governments wrong. 

Available studies show that Portuguese dams such as Castelo do Bode, Alto Rabagão and Alto 
Lindoso have not contributed to socioeconomic development, with population decreases of 7 to 
62 % since the dam construction (Velosa, 2009). The same study and others conclude that similar 
groundless promises of development are found in the Foz Tua Dam impact assessment process 
(Simão and Melo, 2011; Duarte, 2013). In the region where new large dams are being projected, 
Trás-os-Montes and Alto Douro, similar results were obtained in development indicators in 
municipalities with or without existing large dams (Bento at al. 2016). Construction works create 
temporary construction jobs, but the referred studies indicate that the effect on permanent jobs, if 
anything, is negative, affecting sectors like ecotourism and agriculture. 

3.3. The Portuguese large dam program 

At present Portugal has an inventory of 228 operational large dams (height over 15 m or reservoir 
volume over 1 000 000 m3), plus an estimated number of 7 000 small dams. (CNPGB, 2016; 
RPAmb, 2016) They support 68 hydropower plants (accounting for 24% of national electricity 
production on an average year, 15% on a dry year, 30% on a rainy year), 50% of water 
abstraction, and the irrigation of 558 000 ha of land (DGADR, 2014).  

Because new large dams show poor cost-effectiveness and cause such large impacts, very few 
projects have gone ahead in the recent past: in the last two decades only three new large dams 
were constructed in Portugal. The controversial Alqueva dam was conceived in the 1950s 
approved in 1995 and commissioned in 2002; its main goals are irrigation and the strategic control 
of the river Guadiana. Two other dams, Baixo Sabor and Ribeiradio-Ermida, were approved by 
2007 and were recently commissioned, in the midst of a raging controversy, especially the Baixo 
Sabor, because it destroyed a Natura 2000 site and unique landscape. Litigation in the courts 
continues; the Baixo Sabor dam has been considered a case study in poor decision-making and 
conflict between biodiversity conservation and renewable energy policies (Melo et al. 2010, 

Jackson 2011). 
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In 2007 the Portuguese Government launched the “national program for dams with high 
hydropower potential”, known as PNBEPH (INAG et al. 2007). The alleged goals of the PNBEPH 
were to reduce greenhouse gas emissions, to improve energy import dependency, and to improve 
the share of renewables, but, strangely, no targets were set for these goals. The only quantitative 
targets were to increase national hydropower capacity to 7 000 MW and hydro pumping capacity to 
2 000 MW. No evaluation of impact on electricity cost or burden on the consumers and taxpayers 
was performed. No alternatives other than new dams were examined. 

Seven out of the ten dams in the program were eventually approved. By 2016 only one dam was 
under construction (Foz Tua), two had been officially discarded (Girabolhos and Alvito), one is 
suspended (Fridão) and three are supposed to proceed but have not yet begun construction (the 
Tâmega Electroproduction System or SET). 

The Portuguese Government and electric companies hailed the PNBEPH as the cornerstone of 
energy policy regarding climate change. To the untutored eye, the near 25% increase in installed 
hydropower capacity seems impressive. But, beyond major environmental impacts, when we look 
at the economic indicators (Table 1), the new dams show an appalling performance: cost of 
electricity per MWh is more than twice the average cost of the existing system; actual production 
amounts to only 1.7% of electricity, 0.3% of primary energy and 0.4% of energy imports, despite 
the fact that those were the main alleged goals of the program. The best alternative — energy 
efficiency — is ten times more cost-effective, regarding any of the alleged goals. 

Table 1 — Performance indicators of current hydropower, new dams and energy efficiency 

Indicator 
Existing 

dams 
Revised 
PNBEPH 

Energy-saving measures 
equivalent to the PNBEPH 

Installed power (MW) 7 003 1 655 n.a. 

Pumping power  (MW) 2 439 1 140 - 

Average production (TWh/year) 12.8 0.9 0.9 

Use of nominal power (%) 21% 6% n.a. 

Investment (M€) n.a. 1914 170 

Average production cost (€/MWh) 50 113 10 

% of national electricity production 24% 1.7% 1.7% 
% of national primary energy 4.3% 0.3% 0.4% 
% of national energy imports 5.2% 0.4% 0.5% 

Adapted from Melo, 2012, GEOTA, 2015 and RPAmb, 2016 (n.a. = not available; - = not applicable) 

 

We can also see that current capacity (7 003 MW total hydropower and 2 439 MW pumping, 
reached with the recent refitting of six existing dams) already surpasses the targets defined in the 
PNBEPH. This is an important point: none of the new dams are needed to reach the targets 
defined by the program itself. 

The whole program was supposed to cost about 1 200 M€ (INAG et al. 2007), but final proposals 
from the concession-holders indicated twice the originally defined installed power, with almost 
three times the cost (Melo, 2011); this discrepancy was never officially explained. The poor 
performance of the new dams is related to excess capacity and low use of nominal power, 6%. 
The over-capacity seems to have been motivated by a promised State subsidy for “power 
availability”. That subsidy has been reduced, by demand of the International Monetary Fund (IMF), 
the European Central Bank (ECB) and the European Commission (EC), due to the economic crisis 
and the recognition that subsidies to the electric companies are already excessive. This has 
prompted the electric companies to give up on several projects, despite having paid a total of 624 
M€ for the concessions. 
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3.4. The early campaigns against dams 

Of all large constructions works, few encompass as many stakeholders as large dams do. The 
irreversibility and high magnitude of impacts caused by dams change the lives of thousands 
directly, and millions indirectly. The negative nature of these impacts is often ignored in favour of 
the benefits gained by a few. These struggles have gained weight worldwide and in Portugal. 

Opposition to large dams is an old phenomenon in Portugal, but for many years it was restricted to 
affected local inhabitants or environmental groups; in the XX century it rarely gained national, let 
alone international attention. 

The first such debate to gain real public notoriety, even passion, was about the Alqueva mega-
project: a large dam creating a 25 000 ha reservoir to irrigate 110 000 ha of land. The debate went 
on through the whole second half of the XX century. Alqueva was eventually approved despite 
substantial negative impacts, as it did have some benefits regarding geostrategic and development 
issues (Melo & Janeiro, 2005). Most critics of the project fought for impact mitigation and better 
practice rather than a full opposing campaign. Decisions on Alqueva were debatable, often bad, 
but understandable in their context. 

The newer crop of dams, beginning with Foz Coa, then Cela, Baixo Sabor, Ribeiradio-Ermida and 
finally the PNBEPH, had very different stories, because they possessed scant or no public interest 
to begin with. 

The campaign against the Foz Coa dam on the river Coa (Douro basin), 1992-1995, was run 
mostly by archaeologists protesting the destruction of unique Palaeolithic rock engravings, with 
large support from the international community. They capitalized on a very favourable political 
context, with a change in Government that promised more attention to cultural issues. The dam 
was stopped in 1995, after construction had already begun. 

The campaign against the Cela dam on the river Minho happened in the early 2000s, involving 
municipalities, wine producers and environmental NGO. The project was reproved in 2005 due to 
the strong public opposition both in Portugal and in Galicia (Spain). 

The Ribeiradio-Ermida project suffered harsh criticism but no full-blown campaign. 

3.5. The “save the rivers” campaigns 

The campaign against the Baixo Sabor dam began in 2004, run by the environmental coalition 
Plataforma Sabor Livre, focused on the ecological value of the Sabor valley Natura 2000 site. 
There was early success in the media and the courts, but the campaign neglected to involve local 
populations and economic agents. The Baixo Sabor dam was supported by heavy lobbying by 
EDP before the municipalities, the Portuguese Government and the European Commission. 
Ultimately, the pro-river campaign was defeated by the weak local opposition and the passivity of 
both Portuguese and European authorities (Melo et al, 2010). 

The launching of the environmentally devastating large dam program in 2007, right before the 
Water Framework Directive came into force, prompted the Portuguese environmental movement to 
pay more attention to the “green energy” cause. In 2008, a group of NGO submitted a formal 
complaint to the European Commission against the dam program, proving infringements of 
important legislations such as WFD. The complaint was closed in 2010 based on false information 
provided by the Portuguese Government. 

Meanwhile, several NGO and many other stakeholders participated in the public consultation of 
these dams under the environmental impact assessment process. In cases such as Foz Tua, 
Fridão and the Sistema Electroprodutor do Tâmega, heavy criticism by environmental authorities 
and participants in the public consultation were completely dismissed and neglected in the political 
decisions. Upon the issuing of the licenses to construct those dams, several local movements were 
created to fight against each particular dam. 

After the destruction of the lower course of the river Sabor by the Baixo Sabor dam, the Tua and 
the Tâmega are the largest Portuguese rivers close to their natural state (among the very few in 
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Europe). All three rivers are tributaries of the Douro, the second-longest Iberian river. The 
cumulative impacts of six new dams (including the Baixo Sabor) in the Douro basin (water quality 
degradation, habitat fragmentation, sediment retention) were never studied. 

The one dam of the PNBEPH currently under construction, Foz Tua, is located on the Tua river, a 
tributary of the right bank of the Douro River, about 1 km from the confluence. The dam is a 
concrete arch 108 m height and 280 m wide. It will submerge 420 ha of vineyards, olive and cork 
oak groves, agricultural land, plus one of the most beautiful landscapes in Portugal and a unique 
140-year-old mountain railway, the last in Portugal. The new dam stands within a UNESCO World 
Heritage (WH) Site, the Alto Douro Wine Region (ADWR), where the worldwide famous Porto 
Wine is produced. The dam is being built a few meters from the WH core zone, and the whole 
reservoir will be within the buffer zone. According to a mission report form ICOMOS to UNESCO in 
2011, "the area intervened affects fully the WH property" (ICOMOS, 2011). However, in 2012 the 
World Heritage Committee was misled into admitting compatibility between the dam and the 
ADWR, as long as a list of impact mitigation measures would be met by concessionary and the 
Portuguese State (WHC/ICOMOS/IUCN, 2012). The investment for the construction of the dam 
and power plant is estimated at 370 M€ (that will increase to at least 410 M€ with the power line 
and ineffective mitigation measures). The concession holder is EDP – the largest Portuguese 
electricity company, whose main stockholder happens to be China Three Gorges. 

In the river Tâmega, already impacted by the strongly eutrophycated reservoir of the Torrão dam, 
and threatened with four new large dams, NGO such as ProTâmega started acting against the 
Fridão Dam, and submitted a legal complaint in Portuguese courts based on the risk of building a 
large dam 6 km upstream of a riverside city, Amarante. 

Urged by the outstanding values of the Tua and Sabor valleys, GEOTA, on behalf of a coalition of 
NGO, presented two formal complaints to the European Commission in 2012. None has ever 
received a reply, nor was any action taken by the Commission to prevent further degradation while 
investigating both cases. The Baixo Sabor Dam was concluded in 2015, still lacking the 
implementation of mitigation measures. 

In order to stop the Foz Tua dam, several environmental NGO and local associations, 
canoeing/rafting clubs and wine producers have created Platform Save the Tua (PST) in 2013.  
PST has repeatedly presented evidence to UNESCO, European and Portuguese authorities, that 
key demands have not been and almost certainly are not going to be met (PST, 2014). The 
promised mobility plan has been delayed and does not comply with mandatory specifications; and 
in October 2014, the Portuguese State approved an aerial high voltage power line connecting the 
hydropower plant to the national electrical grid across the ADWR property or buffer zone: two 
blatant infringements regarding specific conditions of the Foz Tua dam environmental impact 
declaration. 

Several raising awareness actions have been developed under the PST campaign “Save the Tua, 
Protect the Douro”, reaching national and international media (PST, 2016a). Simultaneously, three 
legal actions were presented in the Portuguese courts between 2013 and 2015, still pending (PST, 
2016b). 

In 2014, the environmental organization GEOTA launched a project to preserve the last wild rivers 
in Portugal and halt the implementation of the Dam Program. The Rios Livres Project has adopted 
a methodology based on failures and victories of these past experiences: (1) Analyzing relevant 
documentation concerning river status and the dams EIA in order to gather data; (2) visiting the 
places and consulting all relevant stakeholders; (3) closely monitoring all developments (legal and 
in loco); (4) developing campaign materials that answer FAQ (5) raising awareness campaigns that 
embrace all stakeholders and (6) acting at a judicial and policy lobbying level.  

The organization of “Caravana do Tâmega: de Chaves a Amarante” took place in November 2015 
and aimed to raise awareness regarding all dams projected for the Tâmega River. The caravan 
spent one week following the river stream, from the highland city of Chaves to the downstream 
riverside city of Amarante. The caravan organized actions everyday with local associations and 

movements (including ProTâmega), passing through several affected villages, and ended 
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with a kayak action and a large debate concerning the future of the valley and the region. 
Thousands of people were reached and the matter regained media attention in the area, 
relaunching a subject dormant due to years of delay in the projects (GEOTA, 2016). 

More recently, PST and one of its members, the wine producer Esporão® have launched a national 
and international campaign, called “The Last Days of Tua”, aimed at raising awareness to public in 
general and urge them to sign a letter pressuring UNESCO to take action. The campaign is based 
on the website with four small documentaries showing what four people will lose forever if the dam 
is concluded (PST, 2016c). So far, results demonstrate that having a good campaign product, 
together with a clear Call for Action, is key to target the audience. Moreover, showing the impacts 
on people, and not just the financial equilibrium or nature destruction, has certainly broadened the 
type of audience. 

4. Conclusion 
Our society got used to exploit resources to the point that they are no longer renewable or 
available. Among other important resources, water and river ecosystems have been strongly 
affected. We risk losing not only essential assets for our survival and comfort, but also a unique 
heritage in biodiversity, landscape and culture. This paper reflects on the threats and actions to 
save the rivers. Particular attention was paid to the campaigns against large dams, because dams 
were found to be the largest threat for the last wild rivers in Portugal. 

The fact that the Foz Tua dam jeopardizes historical and cultural heritage, just as in the Foz Coa 
dam case, generated a stronger reaction from many people. Another key aspect is the increased 
strength of having a multi-stakeholder platform instead of divided forces, enabling to reach a wider 
audience. This approach was not taken in the Baixo Sabor campaign, run by environmental 
organizations and focused mostly on biodiversity loss. 

The Rios Livres (Free Rivers) project at GEOTA has also came to the conclusion that tackling 
dams on a multi-disciplinary basis and embracing local movements allows much better knowledge 
of the issues at hand, and better effectiveness of the campaign. Simultaneously, joining 
geographically dispersed movements enables to widen the message, pressure local decision and 
opinion makers and getting a national reach in the media. 

Sadly, one of the main conclusions of the struggle against dams in Portugal is the unreliability of 
national and European Union’s institutions and legal instruments to defend objective public 
interest, and act before irreversible damage is made. Decision-makers often define policies and 
promote harmful projects in the face of contrary scientific evidence and public participation. 
Information available has reached the point that local inhabitants, as well as public opinion at large, 
when faced with the Pros and Cons of these dams, do not want them and recognize the existence 
of better alternatives: financially, environmentally, but mostly, socially. 
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Abstract 
Composting is one of the methods recommended for the treatment of organic solid waste, since it 
transforms the waste that would be discarded without any usefulness in the environment into 
organic fertilizers, which can often be used as soil conditioner. Besides, the compost it is 
interesting because is a low investment technique and easy to install. Thus, this study aimed to 
evaluate different methods of composting for the treatment of organic waste generated in a 
restaurant. Three different methods of composting were studied: the aerated pile technique with 
manual revolving every five days; the mechanized composting reactor with a daily injection of air 
by a compressor; and the vermicomposting with manual revolving initially and after the 
temperature stabilization with the addition of worms. The three techniques used 50% of organic 
waste from a restaurant and 50% of grass cutting waste. The parameters analyzed were 
temperature, pH, moisture content, organic matter, total ash, organic carbon, total nitrogen, and 
C/N ratio. The results had showed suitable for using the treated waste as soil conditioner. In the 
composting in pile the final pH was 7.62, the moisture content was 81.95% and the C/N ratio was 
9.84. In the composting in vessel, these parameters were, respectively, 7.25; 37.65% and 9.68 and 
in the vermicomposting process, it was, respectively, 7.89; 9.10 and 69.76%. In the techniques 
studied, the best result was obtained in the reactor, which reached stabilization parameters in less 
time than the other techniques and with the highest concentration of organic matter, which is 
positive for the soil application. Thus, composting can be an option for the proper disposal of 
organic waste, which before would be discarded without treatment and could cause environmental 
impacts and public health problems. In addition to these factors, composting can add to your 
product economic value and can provide income generation. 

Keywords: organic waste; aerate pile; reactor; vermicomposting 

1. Introduction 
Food and kitchen waste from households, restaurants, caterers and retail premises, and similar 
waste from food processing plants are considered major contributors to bio-wastes. Waste 
management options for kitchen wastes, as part of biowastes, include, in addition to prevention at 
source, collection (separately or with mixed waste), anaerobic digestion (AD) and composting, 
incineration, and landfilling (Vavouraki et al., 2014). 

Life cycle assessment studies have found composting to be more advantageous than other 
organic waste disposal scenarios, such as landfill and incineration, causing less environmental 
impacts (Saer et al., 2013). 

Based in many studies Chan et al. (2016) related that food waste is a suitable substrate for 
composting because it is rich in organic matter with little concerns about heavy metals and 
pathogens. However, the specific characteristics of food wastes such as high moisture, acidity, 
high oil content, and high salinity may retard the decomposition process. 

Composting consists of two narrowly linked processes, degradation and humification: a part of 
compost organic matter is aerobically mineralized by microorganisms, whereas the partially 
decomposed or undegraded part leads to the formation of humic substances. The final product, 
compost, is a soil amendment, an efficient tool for bioremediation processes or soil restoration, 
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and has capability for improving soil’s physical, chemical and biological properties (Benlboukht et 
al., 2016). 

Composting is a biological process in which organic matter (OM) can be utilized by aerobic 
thermophilic and mesophilic microorganisms as substrate and mainly converted into mineralized 
products (CO2, H2O, NH4

+) or stabilized OM (mostly as humic substances) (Qian et al., 2014). 

There are few main factors which may able to affecting the composting process; temperature, 
carbon to nitrogen ratio, aeration (percentage of oxygen), moisture content, porosity and pH. The 
acceptable range are: temperature 54-60ºC; C:N 25-30:1; aeration (percentage of oxygen) >5%; 
moisture content 50-60%; porosity 30-36%; and pH 6.5-7.5 (Shafawati and Siddiquee, 2013). 

Different methods for controlling the effective aerobic composting are: physical turning (mechanical 
and non-mechanical) of the mass, natural convection, and forced aeration (positive and negative 
modes) (Jolanun and Towprayoon, 2010). 

Similar to composting, the vermicomposting is the biological decomposition of organic waste to 
produce stabilized organic fertilizer. The vermicomposting process involves interactions between 
earthworms and microorganisms to biodegrade organic waste at a faster rate. The earthworms act 
as the main drivers in the decomposition of organic waste by fragmenting and conditioning the 
substrate (Lim et al., 2016). 

Thus, the aim of this work was to evaluate the composting and the vermicomposting in the 
treatment of food waste from a restaurant, in terms of physical/chemical parameters. 

2. Methods 

2.1 Collected waste 
The organic wastes used in this study were collected at FCT/UNESP University, Brazil. The food 
waste was collected in the University Restaurant. The menu composition of the restaurant consists 
in a base plate (rice/beans), main course, trim, salad, dessert and juice. So, the waste generated 
composition is associated to the menu of the restaurant. Another waste used in the composting 
was the grass cutting wastes, which was collected in the green areas in the campus. 

2.2 Composting in pile 
A windrow constituted with 50% of food waste (FW) and 50% of grass cutting (GC), in mass, was 
composted during 117 days. 

The manual aeration pile was developed above a plastic tarp, in which the food waste and the 
grass cutting were intercalated. The open windrow was covered when there was a possibility of 
rain to not interfere in the process. 

The size of the windrow was 2 meters wide x 2 meters long and about 1.5 meters high. The total 
weight of the pile was 100 kg. 

During the composting process, the pile was manually mixed with shovels. At the beginning of the 
composting, the pile was every day mixed during the first 15 days. After, the pile was manually 
mixed every 4 days and later, with 50 days of composting, the pile was manually mixed every 
week until the 117th day of composting. 

The samples were collected every 15 days for the determination of the designed parameters. The 
composite samples were homogenized and representative samples were taken of the composting 
substrate by the quartage method (ABNT, 2004). 

The pH of the raw material or the compost samples was detected by a pH meter (portable pH 
meter HANNA, model HI-221). The moisture content of the sample was obtained by drying at 
105oC in an oven for 24 h; the organic matter (OM) and total ash (TA) were determined by the 
sample ignition at 550oC for 1 h; the organic carbon (OC) was found by the values of OM per 1.8, 
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according to the procedures described by Kiehl (1985). Total nitrogen (TN) was determined in 
accordance to the method of IAL (1985). 

The pile temperature was measured by a digital thermometer (NOVUS) with a probe of 3 m at five 
different points in pile. Firstly, the measurements were done daily; after 15 days of composting, the 
measurements were done every 4 days; and with 50 days of composting, the measurements were 
done weekly. The temperature measurements were done before the pile mixing. 

The obtained results were compared to the Normative Instruction (NI) 25/2009 from the Ministry of 
Agriculture, Livestock and Supply of Brazil (Brasil, 2009), which establishes the reference values to 
commercialize organic compost from waste treated. 

2.3 Composting in vessel 
The in-vessel composting system was constituted by a cylindrical plastic reactor, with a working 
volume of 200 L. The reactor was perforated in many depths around the vessel to enable the air 
inflow. Beyond the natural air to enter the vessel composting, the system was aerated by an air 
compressor. Air was evenly distributed to the waste mixture through the perforated holes. The 
mechanical aeration was developed daily during 15 minutes. 

The reactor of composting was constituted by 50% of food waste and 50% of grass cutting, in 
mass. The total weight of the reactor was 30 kg in which the food waste and the grass cutting were 
intercalated at the system. The composting lasted 60 days. 

In the same manner as in pile composting, the samples were collected every 15 days to the 
determination of the pH, moisture content, organic matter, total ash, organic carbon and total 
nitrogen, according to the procedures above described. Also, it was taken homogenized and 
representative samples. 

The temperature was measured by a digital thermometer (NOVUS) with a probe of 3 m at five 
different points in reactor. Firstly, the measurements were done daily; after 15 days of composting, 
the measurements were done every 4 days; and with 50 days of composting, the measurements 
were done weekly. 

The obtained results were compared to the Normative Instruction 25/2009 to observe the quality of 
the produced organic compost. 

2.4 Vermicomposting 
Vermicomposting was carried out in a wooden vermibin measuring 1 meter x 1 meter x 0.8 meter 
(Length x Width x Depth). Inside the vermibin it was put a plastic tarp in order to prevent the 
escape of worms, because the vermibin presented cracks in its structure. At the top of vermibin it 
was placed a protection to prevent birds or other animals could feed the worms. 

The vermicomposting system was constituted by 50% of food waste and 50% of grass cutting, in 
mass. The total weight was 100 kg in which the food waste and the grass cutting were intercalated 
at the system. The vermicomposting lasted 60 days. 

The vermicomposting followed all the steps of the conventional composting in pile until the 
temperature stabilization in the 27th day. The acclimated earthworms (Eisenia foetida) were 
inoculated into the system when the temperature reached a mean value in a range of 20 – 28oC as 
per requirement for the worms. The worms were handled with care and were added at the centre, 
covered with the compost as this type of worms lived in darkness and are prone to light. 

An optimal of 2 g live weight of worms per 1 liter of substrate (Modesto Filho, 1998), which 
corresponded in this study to 1 kg of worms, was used in order to obtain the maximum 
bioconversion of the feedstock into earthworm biomass. 

Also mentioned above, the homogenized and representative samples were collected every 15 
days to the determination of the pH, moisture content, organic matter, total ash, organic carbon 
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and total nitrogen, according to the procedures before described. 

The temperature was measured by a digital thermometer (NOVUS) with a probe of 3 m at five 
different points in vermibin. Firstly, the measurements were done daily; after 15 days of 
composting, the measurements were done every 4 days; and with 50 days of composting, the 
measurements were done weekly. 

The obtained results were compared to the Normative Instruction 25/2009 to observe the quality of 
the produced vermicompost. 

3. Results and Discussion 

3.1 Composting in pile 
The Table 1 shows the results obtained in the initial characterization of organic waste and the 
grass cutting waste, used in composting. 

Table 1. Initial characterization of the waste for composting in pile. 

Parameters Food waste Grass cutting waste 

pH 6.32 6.11 

Moisture Content (%) 71.35 7.50 

Organic Matter (%) 92.32 89.58 

Total Ash (%) 7.68 10.42 

Organic Carbon (%) 51.29 49.76 

Total Nitrogen (%) 1.82 1.74 

C/N ratio 28.10 28.59 

The pH of both waste was within an acceptable range, somewhat lower than 7, but that does not 
compromise the biological activity of the microorganisms in the composting process (Bernal et al., 
1998). 

The moisture content of the food waste was high (71.35%), unlike the grass cutting waste was 
quite dry (7.50%). 

The high concentrations of organic matter in 92.32 and 89.58% of the food and grass cutting 
wastes, respectively, indicated that the wastes can be decomposed by biological processes. 

The total ash (7.68% for food waste and 10.42% for grass cutting waste) indicated a low amount of 
ash present in the wastes, due to the high amount of organic material present therein. 

The C/N ratio showed values close to the ideal for the beginning of composting. According to D’ 
Almeida and Vilhena (2000) the appropriate value of C/N ratio is 30/1. The found values were 
28.10/1 and 28.59/1, respectively, for the food waste and trimming / weeding for grass cutting 
waste. 

An et al. (2012) obtained during the characterization of a composite of food waste the following 
values: pH 5.79, moisture content 62.35%, ash content 1.74%, organic content 35.91%, carbon 
45.12%, nitrogen 1.39% and C/N ratio 32.46. The parameters pH, moisture content, carbon, 
nitrogen and C/N ratio were closed to the values obtained in this study. 

Gabhane et al. (2012) characterized the green waste consisting of vegetable waste and garden 
biomass in equal (1:1) ratio. It contained 50.92% of organic carbon, 2.91% of total nitrogen, 

16.17% of protein, 47.49% of cellulose, 19.5% of lignin, and 16.12% of hemicellulose. The 
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initial C/N ratio of green waste was 17.49. The organic carbon was closed to the value obtained in 
this study, but the total nitrogen and C/N ratio weren’t similar. 

The Table 2 shows the values obtained in the initial and final characterization of the waste mixture 
in the composting in pile. 

Table 2. Initial and final characterization of the waste mixture during the composting in pile. 

Parameters Initial Final N. I. 25/2009 Class A 

pH 6.24 7.62 Minimum 6 

Moisture Content (%) 45.60 81.95 Maximum 50% 

Organic Matter (%) 93.01 57.73 --- 

Total Ash (%) 6.99 42.27 --- 

Organic Carbon (%) 51.67 32.07 Minimum 15% 

Total Nitrogen (%) 1.86 3.26 Minimum 0.5% 

C/N ratio 27.78 9.84 Maximum 20/1 

It can be observed that the mixture of the waste fit the most parameters for the beginning of 
composting. 

The moisture content that was very high for food waste and very low for grass cutting waste 
became proper after the mixture of the waste for the composting, around 45%. The high moisture 
content at the final of composting in pile can be justified due to the strong influence of the rains and 
the water entrance in the pile. Even with coverage in the days when there was precipitation, 
unfortunately it had been water incorporation to the compost. 

In the initial of the composting, the C/N ratio in the pile system was close to the optimum value 
(27.78), indicating its fit for composting. 

One of the most important parameters in composting is the final C/N ratio. It’s responsible for 
characterizing the quality of the compost and to determine whether it is matured or not. 

The C/N ratio for the compost application in agriculture must not exceed the ratio of 18/1 (semi-
cured compost). The ratio below to 12/1 classifies the compost as cured (D' Almeida and Vilhena, 
2000). So, in the studied treatment, the final C/N was 9.84/1, which classifies the compost as a 
final product cured and ready for use on the soil. 

The pH behavior had an increase during the composting that can be explained by the occurrence 
of hydrolysis of proteins and also the ammonium release. Thus, the pH level increased until its 
stabilization. The final pH in composting should be at least 6 and the final value is in accordance to 
law for using the organic compost, because of the final value was 7.62. 

Observing the Table 3, it can see that the only parameter that doesn’t fit within the levels required 
by law is the moisture content, since the maximum is 50%. This parameter needs to be adjusted to 
suit the law by drying the compost. 

3.2 Composting in vessel 
The Table 3 shows the results obtained in the initial characterization of organic waste and the 
grass cutting waste used in composting in vessel and in vermicomposting. 

The pH of the wastes is in a desirable range for biological activity, 7.22 for food waste and 7.04 for 
grass cutting waste. 
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The moisture content of food waste was 75.81% and 43.51% for grass cutting waste, due to the 
composition of each waste. 

The C/N ratio of the food waste was 23.37/1 and 21.95/1 for grass cutting waste, being lower for 
composting. 

Table 3. Initial characterization of the waste for composting in vessel and vermicomposting. 

Parameters Food waste Grass cutting waste 

pH 7.22 7.04 

Moisture Content (%) 75.81 43.51 

Organic Matter (%) 89.60 80.62 

Total Ash (%) 10.39 19.38 

Organic Carbon (%) 49.78 44.79 

Total Nitrogen (%) 2.13 2.04 

C/N ratio 23.37 21.95 

The Table 4 shows the values obtained in the initial and final characterization of the waste mixture 
in the composting in vessel. 

Table 4. Initial and final characterization of the waste mixture during the composting in vessel. 

Parameters Initial Final N. I. 25/2009 Class A 

pH 7.43 7.25 Minimum 6 

Moisture Content (%) 73.43 37.65 Maximum 50% 

Organic Matter (%) 85.97 64.25 --- 

Total Ash (%) 14.03 35.74 --- 

Organic Carbon (%) 47.76 35.69 Minimum 15% 

Total Nitrogen (%) 2.02 3.68 Minimum 0.5% 

C/N ratio 23.64 9.68 Maximum 20/1 

The initial pH of the waste mixture didn’t differ much from the pH of each separated waste. The 
initial pH was 7.43, suitable for the biological activities of microorganisms. The pH behavior in 
vessel was similar to in pile, in which it had a considerable increased to 8 during the phase 
characterized as thermophila, thus indicating a high rate of hydrolysis of proteins and high 
microbial activity. After an initial growth phase, the pH was decreasing until it reached its 
stabilization at the end of the process in 7.25. The final pH was in accordance the law, because it 
was superior 6. 

The moisture content in the reactor was slightly above the ideal value of 60%, but not prejudicial 
for the beginning of composting. As the reactor was covered, there wasn’t rain influences in the 
moisture content. Thus, the final compost was much drier than in its initial state. This fact reveals 
the importance for special care of pile composting exposed to rain. The Normative Instruction 
allows a maximum of 50% of moisture content, and in the reactor it was 37.65%. 
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The C/N ratio at the beginning of composting was still a little far from ideal that is 30/1. During 
composting the C/N had a decay profile, reaching values in accordance the law. At the end of the 
process, the C/N in the reactor was 9.68/1. Thus, the reactor produced a compost considered 
cured, with a C/N less than 12/1. 

It can be conclude that all the parameters required by the Normative Instruction for 
commercializing organic waste had been met, so the compost is recommendable for using. 
Besides that, the composting in vessel lasted 60 days for the stabilization of the majority of 
monitored parameters. 

3.3 Vermicomposting 
The wastes used in vermicomposting were the same used in reactor. Thus, the initial 
characterization of these wastes was previously presented in Table 3. 

The Table 5 shows the values obtained in the initial and final characterization of the waste mixture 
in the vermicomposting. 

Table 5. Initial and final characterization of the waste mixture during the vermicomposting 

Parameters Initial Final I. N. 25/2009 Vermicompost 
Class A, B, C and D 

pH 7.61 7.89 Minimum 6 

Moisture Content (%) 65.83 69.76 Maximum 50% 

Organic Matter (%) 83.02 41.64 --- 

Total Ash (%) 16.97 58.35 --- 

Organic Carbon (%) 46.12 23.13 Minimum 10% 

Total Nitrogen (%) 4.69 2.54 Minimum 0.5% 

C/N ratio 9.83 9.10 Maximum 14/1 

The pH was maintained suitable for the treatment after the waste mixture. The moisture content 
that was high for food waste, in the mixture reached a fit value (65.83%) at the beginning of the 
process. Nitrogen has reached a high value in the mixture, with values of 4.69%, making the C/N 
ratio reached low value for the beginning of the composting process (9.83/1). 

The pH profile in vermicomposting process doesn’t vary with such intensity during the treatment. In 
the first days, there was a slight increase, behavior similar to pH in pile and in reactor, but with less 
intensity. At the end of the vermicomposting process, the pH value was 7.89, above the minimum 
proposed by the Normative Instruction. 

Such as in pile, the vermibin was conducted open air, vulnerable to the action of rain, even with all 
the care to avoided the incorporation of water. The moisture content was high since the beginning 
of the process and in addition to rain water incorporation; the worms metabolism also can 
contribute to the increase of moisture content. The final moisture content, as in pile, was above the 
law (50%), which was 69.79%. The parameter can be corrected by drying the compost. 

In the treatment of municipal solid waste, Soobhany et al. (2015) selected to suitability for 
vermicomposting some wastes: food waste, grass clippings, dry leaves and small branches, 
market waste, office shredded paper and newspaper, and cow dung. It was done moisture 
adjustments by adding water to the vermibin and the moisture content, in the different experiments, 
was around 80%, just before the addition of the worms. After the moisture content peaks, it 
happened a decreasing trend in moisture content in the experiments, reaching a range of 
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approximately 50–55% at the end of the experiments, differently of the results observed in this 
study. 

The C/N ratio had a slight decline, since the beginning of the process. The vermicomposting 
reached final value of 9.10, considerably being quite satisfactory. The final C/N was within the 
required law standards (14/1). This means that the compost is classified as matured and can be 
used in soil. 

It’s concluded that the only parameter that doesn’t fit within the levels required by law was the 
moisture content, since the maximum is 50%. This parameter needs to be adjusted to suit the law 
by drying the compost. 

4. Conclusions 
It can be concluded, by the obtained results in this study, that the composting in vessel produced a 
cured compost and respected all parameters required by the Normative Instruction 25/2009 in a 
shortest amount of time (60 days), being the best option for the waste treatment. 

The results obtained in the other treatments showed that the produced compost were in 
accordance to the Normative Instruction 25/2009, except the moisture content parameter, which 
can be easily adjusted. Thus, both composting in pile, in vessel and vermicomposting are indicated 
to be applied in the treatment of organic solid waste. 

The production of compost from food waste from restaurants could close the life cycle of the food 
production chain, with its application in soil for the production of new food that could be purchased 
by the restaurant itself, benefiting the environment, besides being able to generate income from 
the sale of organic compost and stimulate the sustainable food production. 
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Abstract 
The cultivation of orange is considerated the main activity in the fruitculture in Paraná State, 4th 
place as Brazilian producer. According to data from official agencies, the state produced in 2015 
about 1 million tons of oranges, mainly in the North and the Northwest regions in its orchards. This 
fruit is transformed in juice, with focus on exportation for the European Union, Middle East 
countries, United States of America, Australia and Canada. This high production is associated with 
a great generation of by-products, comprising approximately 50% of the total fruit. An alternative to 
disposal of these by-products its use in animal feed, as an alternative to commonly used cereal 
grains, thereby decreasing animal production costs and eliminating waste with environmental 
pollution potential. The main forms of use of citrus by-products include wet pulp, dehydrated pulp, 
the pulp pellets and silage. The objective of this survey was to determine the allocation of by-
products generated by existing citrus industries in the north and northwest region of Paraná state. 
According to the survey, all the by-products produced are offered in animal feed, especially for 
beef cattle herds and milk in the state. Due to the need for adequate equipment which would result 
in higher cost of by-product, the dehydrated pulp and pelletized pulp are not employed, so the 
major forms of adoption consist in providing the wet pulp or silage, which do not require large 
technical and/or investments for the producer. The main problem related to the supply of wet pulp 
is that it has only 15-20% dry matter, encumber the transport and increasing the possibility of 
deterioration, so for it to be economically viable use, the property must be close to the citrus 
industry. In addition to these facts, the producer should consider that the by-product composition 
may swing and depends on the type of orange, method of extraction and time of production. 
Animal feed expenses reach 70% of total costs of production, so the adoption of this practice 
results in the environmentally adequated destination of these by-products, reducing costs on 
animal feed However, the producer must establish the economic benefits, nutritional and 
environmental for the use of this practice, aiming the ribest outcomes possible to the milk 
production chain.  

 

Keywords: orange peel, milk cows, agro-industrial waste, alternative food 
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Abstract 
The increase in the consumption of water, and high use for agricultural and industrial production 
was a result of demographic and industrial expansion. The anthropogenic interference resulting 
from this expansion, directly or indirectly affects both organisms and the water quality along the 
river. In Brazil, different organisms are used to standardize biological tests in the monitoring of 
water quality. However, studies using fish parasites as bioindicators are still scarce. This study 
aims to define the species of parasites with potential to be used as bioindicators of environmental 
quality in aquatic ecosystem. Both, ecological and diversity studies in parasites are used for this 
purpose. This study correlated the parasites of Hypostomus ancistroides, a fish of the Siluriformes 
order, with the water quality in the Pirapó river. The Pirapó river is an important river where water 
extraction is made for population of Maringá city consumption, Parana State, Brazil. Sampled 
stations were distributed along the river according to the level of human interference. Twenty 
specimens of H. ancistroides were collected from each sample station (Upstream-preserved; 
Intermediate-anthropized and Downstream- sewage dump in the period from December 2012 to 
July 2013, in the Pirapó river. Where registered 843 parasites that belong to 4 taxa (Monogenean, 
Digenean, Nematode and Acanthocephala). Only the nematodes presented prevalence above 
10%, (Rhaphidascaris sp. and Nematoda sp2) and only Rhaphidascaris sp. presented significative 
difference between the sample station (H= 13.2608, p= 0.0013), indicated that the fishes collected 
in the intermediate station are more parasitized. Significant differences in the abundance of 
parasites between the sampling stations were observed (H = 6.2415, p = 0.004), being more 
abundant in Intermediate and Downstream stations. The Pirapó river in several sections, receives 
liquid effluents of industrial and domestic origin, such as organic load of a fridge, detergents of 
various industries, rainwater contaminated with industrial waste, in addition to being silted, due the 
lack of riparian forest. These sources of pollution are responsible for causing irreparable damage 
to the ecosystem, causing both loss of biodiversity, and the adaptation of other species for their 
survival. The highest incidence of nematodes in the most polluted locals may indicate that these 
parasites can be resistant to similar environments in detriment of other parasites species most 
sensitives to environmental pollution, as is the case of ectoparasites that live in contact direct with 
the environment. It is know that there is a close relationship between nematode parasitism and the 
presence of Hg in fish, for example, as well as the nematode alter the host capability to 
bioaccumulate pollutants, among many other effects and this is extremely important when it comes 
to environments that are heavily impacted by pollution of the river from industrial development. 
Thus, when the search for the sustainable development of a region, one should take into account 
environmental health, reducing pollution, monitoring the environment and reducing the loss of 
biological biodiversity 
Keywords: environmental control, ecology, biodiversity 
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Abstract  
The quality of water in river channels is directly influenced by how they are managed. In Brazil, 
many water bodies are used as final disposal of treated sewage, causing an imbalance of its 
natural conditions, which affect the fauna and flora of the water body. This situation can be 
observed in the city of Alfredo Marcondes/São Paulo, Brazil where the treated domestic sewage is 
discharged in Ribeirão Montalvão. This water body is used for various purposes such as watering 
livestock. It is very important to identify the possible environmental changes caused by this 
practice, so that it can develop a sustainable management through decision making for 
environmental management. Therefore, this study aimed to carry out a limnological monitoring in 
some sections of Ribeirão Montalvão, which is a widely used tool to monitor and analyse changes 
in the water quality conditions over time and space. To achieve this goal it was realized the 
limnological monitoring into four sections in the main channel of Ribeirão Montalvão, in two 
sections on two of its tributaries and in the wastewater treatment plant (WWTP). The variables 
evaluated were temperature, electrical conductivity, turbidity, pH, ammoniacal nitrogen and 
dissolved oxygen. For this, it was used a parametric Multiprobe brand Hanna, model HI 9829. It 
was also evaluated the flow according to Palhares et al. (2007). In laboratory, it was determined 
the dissolved phosphorus, soluble reactive phosphorus and total phosphorus according to 
Mackereth et al. (1978) and chemical oxygen demand according to APHA (1998). The results 
demonstrated that the variables analysed showed variations after the treated domestic sewage 
discharge, especially the total phosphorus. The total phosphorus results were above the value set 
by law. These results indicate that the appropriation by humans of the canals of the watershed of 
Ribeirão Montalvão has led to impacts on water quality, compromising its various uses. Face to 
this context, it is proposed that managers and users of water resources of Ribeirão Montalvão 
pursue conservation actions and environmental preservation, such as improving the efficiency of 
the treatment of domestic sewage, use of soil conservation techniques and restoration of 
Permanent Preservation Areas. 

Keywords: Alfredo Marcondes, Ribeirão Montalvão, Limnological Monitoring, Treated Sewage 

1. Introduction 
Today, although the strategic importance of fresh water is universally recognized more than ever 
before, and although issues concerning sustainable water management can be found almost in 
every scientific, social, or political agenda all over the world, water resources seem to face severe 
quantitative and qualitative threats. The pollution increase, industrialization and rapid economic 
development, impose severe risks to availability and quality of water resources, in many areas 
worldwide (Abdel-Raouf et al., 2012). 

Pollution is a man-made phenomenon, arising either when the concentrations of naturally 
occurring substances are increased or when non-natural synthetic compounds are discharged into 
the environment. Organic and inorganic substances which are discharged into the environment as 
a result of domestic, agricultural and industrial water activities lead to organic and inorganic 
pollution (Lim et al., 2010). 

One of the major sources of water pollution is the uncontrolled discharge of human wastes, while 
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some countries have made massive investment in water supply projects there has been an overall 
under-investment in appropriate sanitation systems, which has resulted in harmful contamination of 
water resources, increased flooding and reduced health benefits from water investments (Abdel-
Raouf et al., 2012). 

The human wastes, according to Chagas (2000) may come from various types of water use, such 
as household, commercial, hospital, and others. 

According to Miguel et al. (2004) domestic sewage comes from houses with bathroom facilities, 
laundries, and kitchens, among others, being composed by urine, feces, paper, food waste, soap 
and detergents. The industrial wastewater is from industrial processes having a variable 
composition. The storm water is due to the collection of atmospheric precipitation and sidewalks 
washing. 

If the domestic sewage has no proper treatment, it induces the deterioration of water bodies that 
receives this domestic sewage, which would remove the aquatic life and damaging the water users 
(Netto et al., 2002). 

According to Paula (2011), the impact of the discharge of sewage is determined by the efficiency 
of the treatment, the allocation of pollutant loads and especially the behavior of the watercourse 
receiver due to the intervention. 

Krama (2008) used the sewage treatment as a subtheme of the environmental indicators for 
measuring the sustainable development. The author considered this indicator for the basic 
characterization of the population's quality of life and the activities of water users receiving 
sewage. 

Various wastewater treatment technologies are developed with the primary concern of natural 
water bodies. Therefore, there are various types of sewage treatment. 

Abdel-Raouf et al. (2012) sets out some of them, as the preliminary treatment that removes large 
solid materials delivered by sewers that could obstruct flow through the plant or damage 
equipment; the primary treatment, in which the sewage passes to sedimentation tanks, which aim 
to remove the settleable solids by gravity; the secondary treatment, that aims to reduce the 
biochemical oxygen demand exerted by reducing organic matter and the tertiary treatment, that 
aims to remove all organic ions. 

Even with the use of these types of treatment, it isn’t correct to say that the water body will not be 
impacted by the discharge of treated domestic sewage. After the discharge, the receiving body will 
go into self-purification process, which, according to Heindenwag et al. (2001) is the assimilation of 
organic matter and dissolved nutrients in the water by bacteria, plants and animals, and it would 
also include processes of dilution and mixture of organic matter and nutrients. 

This self-purification is, according to Dzyuban (2003) and Parkyn et al. (2003) the key aspect of the 
river dynamics, which allows the establishment of the magnitude of treatment effects in time and 
distance. 

Smith and Smith (2002) maintains that streams can self-depurate in a natural way, by 
decomposing organic matter through bacterial activity, and the time required will depend on the 
degree of pollution and stream characteristics. 

Braga et al. (2015) mentioned that over time and the longitudinal profile of the watercourses, it is 
possible to identify the ecological succession of stages associated with four different areas, known 
as depuration zones. 

The first zone is known as degradation zone, and is defined by Mota (1995) as being the location 
downstream of the discharge point of sewage, in which the water contains dark aspect, but also 
have high nutrient content. 

The active decomposition zone is the further zone of the degradation zone. According to Faria 
(2008), it is in this area where the level of degradation reaches the apex, having the lowest values 

of dissolved oxygen. 
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The third zone is the recovery zone, which, according Mota (2003), presents water with lighter 
aspect and more stabilized organic matter. 

Finally, there is the area of clean water, described by Andrade (2010) as the area in which the 
water returns to satisfactory conditions regarding the initial conditions of oxygen and biochemical 
oxygen demand. 

The Ribeirão Montalvão, located in Alfredo Marcondes – São Paulo, Brazil isn’t an exception, 
because it passes through the self-depuration process, considering it receives the treated 
domestic sewage from the wastewater treatment plant of the municipality. 

Thus, this study aimed to analyze how the discharge of treated domestic sewage on the Ribeirão 
Montalvão can change its physical and chemical characteristics. 

2. Methods 
For the development of the present study it was performed the limnological monitoring in four 
sections of Ribeirão Montalvão, in two sections on two of its tributaries and in the Wastewater 
Treatment Plant (WWTP) located at Alfredo Marcondes. 

The monitored sections were S1 (Section 1) located in Ribeirão Montalvão, coordinates 
21°58'33.10" S / 51°24'13.35" W; S2 (Section 2) located on Tributary 1, coordinates 21°57'56.70" 
S / 51°23'47.59" W; S3 (Section 3) located in Ribeirão Montalvão, coordinates 21°57'14.57" S / 
51°24'15.96" W; S4 (Section 4), coordinates 21°57'09.46" S / 51°24'17.73" W; S5 (Section 5) 
located in Ribeirão Montalvão, coordinates 21°57'07.62" S / 51°24'16.55" W; S6 (Section 6) 
located in the Tributary 2, coordinates 21°57'07.75" S / 51°24'19.85" W and S7 (Section 7) located 
in Ribeirão Montalvão, coordinates 21°57'01.09" S / 51°24'19.49" W, as shown in Figure 1. 

In field, it was analyzed, by a parametric Multiprobe brand Hanna, model HI 9829, the following 
limnological variables: temperature, electrical conductivity (EC), turbidity, pH, dissolved oxygen 
(DO) and ammoniacal nitrogen. 

To calculate the flow it was used the float method by Palhares et al. (2007), according to equation 
1. 

=75$=9	,	4	,	0	/	>				(<3/	')	       (Equation 1) 

In which: 

A= average area of the river (the distance between the edges multiplied by the depth of the river). 

L= the measurement area length (using the length of 6.0 m). 

C= correction factor (0.8 to rivers with stony background or 0.9 to rivers with muddy bottom). It 
allows the correction due to the fact the water move faster on the surface than in the river bottom. 
Multiplying the speed of the surface by the correction coefficient it will have a better measure of the 
speed of water. 

T= time, in seconds, that the float takes to move the length L. 

 



22nd International Sustainable Development Research Society Conference (ISDRS 2016), Vol. 1 
School of Science and Technology, Universidade Nova de Lisboa, Lisbon, Portugal, 13-15 July 2016 

 

627 
 

 
Figure 1. Ribeirão Montalvão and tributaries with its respective sampled sections. 

For the development of laboratory protocols, water samples were collected at sampling sections, 
preserved in polyethylene bottles (5 L) and refrigerated with ice. 

To determine the chemical oxygen demand (COD) it was used an oxidizing solution, a catalysis 
solution and a standard, using a reactor (COD - REACTOR HACH) at 150 ° C for two hours and 
spectrophotometric reading at 620 nm (APHA, 1998). 

In laboratory, water samples were filtered on Whatman GF/C membranes. The filtered water was 
preserved in a freezer at -20 °C in polyethylene bottles (500 ml), for subsequent determination of 
the dissolved phosphorus and soluble reactive phosphorus. Likewise, the unfiltered water was 
preserved in a freezer at -20 ° C in polyethylene bottles (500 ml) for subsequent determination of 
total phosphorus concentration. 

The total phosphorus fractions and dissolved phosphorus were quantified after digestion in the 
presence of a catalyst in an autoclave and subsequent reaction with the addition of a mixed 
reagent (molybdate of ammonium, antimony potassium tartrate and ascorbic acid) and read in a 
spectrophotometer at 882 nm (Mackereth et al., 1978). 

The reactive phosphorus soluble or orthophosphate was also obtained after reaction with 
ammonium molybdate, antimony potassium tartrate and ascorbic acid and subsequent reading in a 
spectrophotometer at 882 nm (Mackereth et al., 1978). 

The results of Ribeirão Montalvão variables were compared with the reference values set in 
CONAMA Resolution n° 357/2005, altered by CONAMA Resolutions n° 410/2009 and n° 
430/2011, which provides for the classification of water bodies and environmental guidelines for its 
framework and establishes the conditions and standards of effluent discharge, and other 
measures. 

The results of the variables related to wastewater treatment plant were compared with reference 
values set in CONAMA Resolution n° 430/2011, which establishes the conditions and standards of 
effluent discharge. 
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The variable electrical conductivity isn’t mentioned in CONAMA Resolution. Due its importance, it 
was used a report about environmental and health significance of water quality variables 
developed by CETESB – Environmental Company of the State of São Paulo, in which this variable 
is described. 

3. Results and Discussion 
The descriptive analysis shown in Table 1 identifies the amplitude variations of the obtained 
results. It has been seen that the greatest changes occurred to the electrical conductivity, ranged 
from 171 to 739.1 µS/cm and to the chemical oxygen demand, ranged from 8.69 to 211.58 mg/L. 

Table 1. Descriptive statistics of the limnological variables sampled in the sections of Ribeirão Montalvão, 
presented the number of cases (N), average, minimum and maximum values and standard deviation. 

Variables N Average Minimum value Maximum value Standard 
deviation 

Temperature (°C) 7 25.76 24.500 26.90 0.32 

EC (µS/cm) 7 288.23 171.000 739.10 76.91 

Turbidity (NTU) 7 39.43 9.385 99.35 11.33 

pH 7 7.17 6.830 7.38 0.07 

DO (mg/L) 7 7.76 1.800 9.20 1.00 

Flow (L/s) 7 60.80 9.740 146.50 18.05 

COD (mg/L) 7 51,78 8.690 211.58 27.12 

Ammoniacal Nitrogen 
(mg/L) 7 3,38 0.007 20.02 7.48 

ORTHO (mg/L) 7 0.24 0.001 1.35 0.50 

DP (mg/L) 7 0.30 0.003 1.79 0.73 

TP (mg/L) 7 0.42 0.011 2.47 0.92 

EC – electrical conductivity; DO – dissolved oxygen; COD – chemical oxygen demand; ORTHO – 
orthophosphate; DP – dissolved phosphorus; TP – total phosphorus (TP). 

It was observed that 45% of limnological variables had a high standard deviation, especially, as 
mentioned, the electrical conductivity and chemical oxygen demand. 

This high standard deviation was given by the discharge of treated domestic sewage, which 
showed high values for the variables analyzed, as it can be observed in the electrical conductivity, 
as shown in Figure 2. 
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Figure 2. Electrical conductivity in the different sampled sections. 

Electrical conductivity describes the ability of an aqueous solution to carry an electric current 
(APHA et al., 1998). The amount of ions or total dissolved salts in water is an indicator of 
conductivity; the conductivity increases as the concentration of ions increases (Tchobanoglous and 
Schroeder, 1985). Solutions with mostly inorganic compounds tend to be better conductors while 
solutions with organic compounds don’t conduct currents well (APHA et al., 1998). The type of rock 
and soil within the hidrografic basin affects conductivity. 

Ions that are directly responsible for electrical conductivity include potassium, sodium, calcium, 
carbonates, carbides, sulfates and chlorides. Electrical conductivity doesn’t provide information on 
which specific ions are present in a water sample, rather it is an indicator of the overall quantity of 
ions in the sample. The parameter indicates possible environmental impacts on the hydrographic 
basin, caused by discharge of industrial and mining wastes and other effluents (Steffens et al., 
2015) 

In water bodies polluted by domestic sewage, the electrical conductivity is related to the organic 
matter from food, fecal and waste in general that incorporate water-salts (Blundi, 1988). The 
highest values found for the variable refer to sections 1 and 4. 

In the Section 4, the treated sewage is discharged in the receiving body, which can justify the high 
value of electrical conductivity. The high electrical conductivity of the treated sewage caused 
higher values of the electrical conductivity in the sections downstream the sewage discharge, 
compared with the sections upstream the discharge. 

In the study carried out by Abraham (2006) in Riacho Mussuré – Paraiba, Brazil, it was also found 
the negative influence of domestic sewage dump on a water body, which showed wide variations 
after the discharge. 

Jonnalagadda and Mhere (2001) also found a longitudinal variation of the electrical conductivity in 
Rio Odzi, Zimbabwe, resulting from the domestic sewage supply in water body. 

According to CETESB (2015) values above 100 µS/cm indicate environmental impacts. It can be 
seen that all sections of Ribeirão Montalvão were affected, because there’s no section with values 
below this level. 

Another variable that showed high variation along the continuum of the river was the chemical 
oxygen demand, as shown in Figure 3. 
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Figure 3. Chemical oxygen demand in the different sampled sections. 

Chemical oxygen demand is commonly applied for wastewater control and water quality 
monitoring. Considering the biodegradation process, the organic matter is assimilated by 
microorganisms under appropriate conditions, with the presence of nutrients such as nitrogen, 
phosphorous, and mineral nutrients, and converted into microbial biomass, eventual transformation 
products derived from the initial organic matter, CO2 and H2O (Jouanneau et al., 2014). COD is 
normally and systematically used for organic matter monitoring, especially in wastewater treatment 
plants (Knapik, 2014) 

Upstream of the discharge of treated domestic sewage, the water body had a COD of 13.4 mg/L, 
and after the discharge, the river presented 45.725 mg/L of COD, and section 7 presented the 
value of 27.25 mg/L. 

These values follow a dynamic known as self-depuration, which a water body tends to return to its 
initial characteristics with the time. So, after the discharge of treated domestic sewage, the value of 
COD increased and subsequently it was declining. 

This dynamic can be observed when analyzing the values of dissolved oxygen, as shown in Figure 
4. 
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Figure 4. Dissolved oxygen in the different sampled sections. 

The dissolved oxygen is a measurement of the amount of oxygen gas dissolved in water, and 
available for using by plant and aquatic species. Oxygen gas naturally mixes with water through 
surface interaction. Fast moving waters typically have a higher DO due to the mixing with the air 
when the water hits obstacles such as rocks and logs (Vigil, 2003). 

The accurate determination of dissolved oxygen is highly important in water-quality studies 
because oxygen is indispensable to fishes and other aquatic organisms (Ellis, 1946). 

The dissolved oxygen can be depleted by the demand of the organic decomposition and by the 
use in plant and animal respiration. Aquatic populations exposed to low dissolved oxygen 
concentrations may be more susceptible to adverse effects of other stressors such as disease or 
effects of toxic substances (Aull, 2005). 

The DO depletion was observed in the sections 4, 5 and 7, because after the discharge of the 
treated domestic sewage (1.8 mg/L of DO), it happened the depletion of oxygen in the stream, 
since the load of the organic matter presented in the treated domestic sewage was being oxidized, 
and this oxidation occurred at the expense of dissolved oxygen. 

According to CONAMA Resolution n° 357/05, the minimum value for the variable dissolved oxygen 
in a water body Class 2, in which the Ribeirão Montalvão fits, is 5 mg/L, so the obtained values 
were in compliance with current legislation. 

The turbidity values are shown in Figure 5. 
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Figure 5. Turbidity in the different sampled sections. 

The turbidity is an aggregate measure of water clarity based on the amount of particles within the 
sample. The composition of materials that contribute to turbidity are suspended and colloidal 
matter including clay, silt, finely divided organic matter, plankton, and other microscopic organisms 
(APHA et al., 1998). 

Particulate matter found in water can affect the aesthetics of water by decreasing clarity and also 
by contributing to tastes and odors. Turbid water can affect the water treatment processes, 
including disinfection and coagulation, as well as adding costs to treatment from the extra demand 
for removal of the particles. In addition, solids can be harmful to aquatic species, as turbid waters 
inhibit respiratory processes and reduce visibility (Vigil, 2003). 

Steffens et al. (2015) observed that the turbidity has considerable increase due to very heavy 
rainfall, which can cause erosion along the river, since this is a phenomenon that increases 
turbidity. 

The highest values of the turbidity were observed after the section 4, which comprises the 
downstream sections of the discharge of treated domestic sewage. The highest turbidity found in 
section 4 refers to the highest concentrations of solids in suspension presented at the treated 
sewage. The sections 5 and 7 were influenced by these concentrations. 

The section 6 is located after the confluence of two tributaries bordering the urban area of the 
municipality of Alfredo Marcondes, and it is believed that this proximity may have caused this 
increase of suspended material in the water bodies through runoff. It is worth mentioning that in 
this region of the hydrographic basin, the soil cover is grassy and in some places there is no 
riparian vegetation, which facilitates the carrying of allochthonous sediment to the water. 

According to CONAMA Resolution n° 357/05, the maximum value to the turbidity in a water body 
Class 2 is 100 NTU, a value that has not been achieved in any section of the river, which shows 
that it is in compliance with current legislation. 

The flow values in are shown in Figure 6. 
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Figure 6. Flow in the different sampled sections. 

Studies carried out by Tucci (2002) pointed out that precipitation shows relative impact on the flow 
of the hydrographic basin. According to the author, in the wetter years, the increase of precipitation 
produces a larger increase in flow, since infiltration increases slightly and the potential 
evapotranspiration decreases by the increased of water availability. In periods of drought, the 
reduced rainfall and the increase in evapotranspiration decreases significantly the flow. 

The flow were in agreement with the expected, considering that the flow increases after the 
confluence of a tributary, as observed between sections 1 and 3 and sections 5 and 7. 

It can be noticed that this increase wasn’t always proportional to the input of water from the 
tributaries, and it may be related to hiporrêica zone, which is a connecting ecotone between the 
surface and groundwater (Mugnai et al., 2015), being constituted by the interstitial spaces between 
the particles of the riverbed (Valet, 1996). 

In this way, these differences are related to water flows between the interstices of the sediments in 
the area. 

The ammoniacal nitrogen results can be seen in Figure 7. 

 
Figure 7. Ammonia nitrogen in the different sampled sections. 



22nd International Sustainable Development Research Society Conference (ISDRS 2016), Vol. 1 
School of Science and Technology, Universidade Nova de Lisboa, Lisbon, Portugal, 13-15 July 2016 

 

634 
 

Ammonia shows interest in water quality studies, because ammonium compounds are generally 
detrimental or lethal if more than 2,5 ppm of ammonia are presented. More than 1 ppm of 
ammonia in natural waters usually points to organic pollution, and many of the lower plants and 
bacteria that are involved in the superior food chain, which fishes depend, can utilize ammonia as 
a source of nitrogen (Ellis, 1946). 

The usual sources of ammonia in natural water are disintegrating plant or animal material, sewage 
or other organic wastes (Ellis, 1946; Paula, 2011). 

The ammoniacal nitrogen, found in wastewater, originates from the bacterial mineralization of 
protein and urea, which is the main constituent of the hydrolysis of urea, biological degradation of 
amino acids and also by the use of disinfectants ammonium base (Mendonça, 2009; Oliz et al., 
2010). 

According to CONAMA Resolution n° 357/05, the maximum value to ammoniacal nitrogen in a 
water body Class 2 is 3,7 mg/L to a pH below 7.5, which is the case of Ribeirão Montalvão. The 
obtained values not exceeded the reference value in any section of the stream, which shows that 
the stream is in compliance with current legislation. 

According to CONAMA Resolution n° 430/11, the amount of ammoniacal nitrogen in effluent 
should not exceed 20 mg/L, however, the treated domestic sewage discharged in Ribeirão 
Montalvão had 22.02 mg/L, not in compliance with current legislation. 

The phosphorus fractions are shown in Figure 8. 

 
Figure 8. Different phosphorus fractions in the different sampled sections. 

Phosphorus is an essential nutrient for the growth of the microorganisms responsible for the 
stabilization of organic matter, but in high concentrations is responsible for the eutrophication 
process, because it is necessary for algal growth (Paula, 2011). 

High levels of phosphorus in water bodies may be associated with entrainment of sediment of 
fertilized agricultural land or dumping of sewage (Reis et al., 2009). It can also be associated to 
detergents superphosphate used in household cleaning, in addition to own fecal matter, which is 

rich in protein (Oliz et al., 2010). 

      Section of the 1st Tributary 

     Section of the (WWTP) 

     Section of the 2nd Tributary 

     Sections of Ribeirão Montalvão 

     Limit Established by CONAMA 
Resolution 357/05 
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Studies carried out by Paula (2011) obtained values of total phosphorus in the stream Brejo Alegre 
in Araguaia – Minas Gerais, Brazil, was similar to those found in Ribeirão Montalvão after the 
discharge of treated domestic sewage. 

Kings (2009) found the greatest phosphorus record in Stream Recanto in Americana – São Paulo, 
Brazil, after the discharge of effluent from a manhole upstream of the analyzed section. 

According to CONAMA Resolution n° 357/05, the maximum value to total phosphorus in a water 
body Class 2 is 0.1 mg/L, value that was exceeded in section 7 of the river, downstream of the 
discharge of treated domestic sewage, not being in compliance with current legislation. 

The pH values can be observed in Figure 9. 

 
Figure 9. pH in the different sampled sections. 

The pH level is a quantitative measure of the hydrogen ions, representing the acidity or alkalinity of 
a solution. The acidic solution has more free hydrogen ions and the alkaline solution has fewer free 
hydrogen ions. Any substance with lower pH level is an acid and any substance with high pH level 
is a base (Barber, 2012). 

According to Aull (2005), several factors can be affected by the water pH, including biological 
availability and solubility of elements in water. The ability of water to resist to changes in pH is 
based on the buffering capacity of the water body. 

In most natural waters, the water pH is influenced by the concentration of H ions originating from 
the dissociation of carbonic acid that generates low pH. It can also vary by human action, such as 
the launch of domestic and industrial effluents (Manoel, 2013; Ortega, 2011). 

The lower pH was found in section 4, in the point of discharge of treated domestic sewage, being 
6.83. The value and can be associated, as enunciated by Farias (2006), to the high levels of 
organic matter, which, when decomposed, generate a large amount of acid, such as humic acid. 

According to CONAMA Resolution n° 357/05, water bodies Class 2 must have a pH value between 
6 and 9, and, as can be seen in Figure 8, all the values are within this range. 

The pH limits for effluents, according to CONAMA Resolution n° 430/11 should be between 5 and 
9, therefore, the treated domestic sewage is also in compliance with the current legislation. 

The temperature results can be seen in Figure 10. 



22nd International Sustainable Development Research Society Conference (ISDRS 2016), Vol. 1 
School of Science and Technology, Universidade Nova de Lisboa, Lisbon, Portugal, 13-15 July 2016 

 

636 
 

 
Figure 10. Temperature in the different sampled sections. 

Changes in temperature largely affect the chemical characteristics of water. Overall increased 
temperatures in water bodies can cause increased chemical and biological reaction rates, mineral 
solubility, and growth of aquatic organisms. Higher temperatures also decrease gas solubility and 
respiration rates (Tchobanoglous and Schroeder, 1985). 

Warmer waters have lower dissolved oxygen solubility. Low DO levels negatively affect plant and 
aquatic species within the water and change the character of a water body (Kailasam and 
Sivakami, 2004). 

In riparian areas, waterbodies can be protected from the temperature changes from shading cause 
by plant life on the edges of the water body. Other causes of temperature changes are due to 
seasonal variations and daily temperature changes (Aull, 2005). 

The highest value found for the temperature was in the treated domestic sewage, being 26.9 °C, a 
value that is in accordance to CONAMA Resolution n° 430/11, which limits a maximum 
temperature of 40 °C. 

The lowest value was found in the section 6, being 24.5 °C, which is located in one of the 
tributaries of the river. This section is widely wooded, which, as stated by Aull (2005), helps to 
decrease the temperature of the water through the shades provided by the vegetation. 

Thus, as it could be seen, the treated domestic sewage discharged in the Ribeirão Montalvão 
caused changes in the analyzed variables, forbidden the uses of the water body. In accordance to 
the CONAMA Resolution n. 357/05, the water body class 2 may be destined to the supply for 
human consumption after conventional treatment; the protection of aquatic communities; 
recreation for primary contact; irrigation; aquaculture and fishing activity. 

Ribeirão Montalvão is a tributary of Peixe’s river, responsible for supplying water to Presidente 
Prudente and other medium-sized cities. So, the discharge of treated domestic sewage in Ribeirão 
Montalvão and, consecutively, in Peixe’s river causes an increase in the costs for the water 
treatment. 

4. Conclusions 
With the development of this work, it was possible to identify the influence of the treated domestic 
sewage on the Ribeirão Montalvão, especially regarding the self-depuration process that the water 
body presents. 
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It was found that the treated domestic sewage discharge interfered with increased in the turbidity, 
COD and conductivity in the downstream sections after the discharge. However, only one of the 
variables wasn’t in compliance with the current legislation, which was the total phosphorus. This 
variable is one of the major causes of uncontrolled growth of aquatic plants, as noted in Ribeirão 
Montalvão, which can promote the emergence of vectors, representing a risk to health.  

One of the solutions could be the implementation of a specific process for phosphorus removal, 
and the development of technologies for the preservation of water quality of Ribeirão Montalvão. 

This research demonstrated that it should be implemented a system to improve the domestic 
sewage treatment, accessible to the reality of the city that has 4,000 inhabitants. 

If such measures were taken, it would be possible to use the water of Ribeirão Montalvão for 
numerous activities, such as fishing, irrigation, production processes and recreation, practice that 
was held before, but isn’t observed nowadays. 

With the implementation of a more sustainable system, many advantages could be identified, 
because with a better water quality, it would not be necessary to invest in further techniques for 
detection and removal of certain pollutants. 

Thus, it is fundamental that the responsible authorities take actions in relation to the quality and 
quantity of the treated domestic sewage discharged in Ribeirão Montalvão considering the 
legislation, so that there is sustainable management of this water body and a better utilization by 
the population that has it as a resource. 
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Abstract 
Copper is an essential micronutrient for living organisms in natural ecosystems but it is a toxic 
pollutant as well when its concentration is high. Soil is the major source of metals reaching food 
chain, so that, it is very important to develop techniques to remediate polluted soils to avoid metals 
to enter the food chain and natural ecosystems. Organic amendments from organic wastes could 
be a good option to immobilize metals and make them less bioavailable. Five organic 
amendments, Humic Acids (HA), sheep and horse Manure compost (M), Vermicompost (VC), Pine 
Bark compost (PB) and Pruning Waste compost (PW), were selected to study their interactions 
with copper using 13C CPMAS NMR and FT-IR techniques in order to clarify the mechanism of 
metal interaction and the functional groups involved. The study was performed using two different 
pH (2.5 and 5) and different copper concentrations were studied (10, 25, 50, 100, 250, 500 and 
1000 mg/L of Cu). The experimental procedure itself was tested in order to know whether it could 
affect the chemical structure of the amendments and thus their capacity to interact with Cu (II).  
Materials and Methods: Organic amendments (Horse and sheep composted manure (M), Pine 
bark composted (wood fiber and peat) (PB), Humic Acids of leonardita HUMITEC (HA), 
Vermicompost (VC), Pruning waste compost (PW); Spectroscopy technique (13CPMAS NMR 
spectra were carried out on a Bruker WB-400; FT-IR spectra were done on a FTIR Bruker IFS66v 
spectrometer.r. Results. Humic acids (HA) and Vermicompost (VC) seem to be the most suitable 
amendments to immobilize Cu (II) probably due to their higher content in carboxylic and phenolic 
groups. Both 13CPMAS NMR and FT-IR spectra showed higher interaction between all the 
amendments and copper at pH 5. The experimental procedure affected the structure of every 
amendment included the functional groups involved in copper interaction like carboxylic and 
phenolic groups at both pH: 2.5 and 5. Conclusions. Humic Acids and Vermicompost could be a 
good option to be used in assisted phytoremediation to restore copper polluted soils and any 
natural ecosystem. It is concluded that the peculiar chemical composition of HA  and the presence 
of some functional groups show that the combination  with different plant species could be a very 
useful tool to phytoremediate  polluted soils with high metal concentration due to their likely great 
immobilization capacity .   

 

Keywords: organic amendments, phytoremediation, heavy metals polluted soils, copper,13CPMAS 
NMR, FT-IR. 
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Abstract  
In Brazil, the intense urbanization process and the lack of adoption of conservation practices on 
river channels have contributed considerably in increasing environmental degradation of these 
resources. In this context, the headwaters of the watershed of the Macacos Stream, in the 
municipality of Alvares Machado, located in the state of São Paulo/Brazil, present many 
environmental problems caused by human occupation. Therefore, the present study aimed to 
analyse how the use and coverage of the watershed can influence the water quality through the 
limnological monitoring sections of a stretch on the upper reaches of the Macacos stream. For this, 
it was elaborated a map of use and coverage land in the software ArcGIS 10.3 for scanning 
screen, using high-resolution aerial orthophoto. In addition, semi-annual samplings were carried 
out in five sections and the variables monitored in the field were: water temperature (T), electrical 
conductivity (EC), turbidity (Turb), pH, dissolved oxygen (DO), all of them through portable digital 
devices. Also in the field, the width, depth and speed of water runoff values were monitored to 
calculate the flow of the sample sections, as described by Palhares et al. (2007). In laboratory, it 
was analysed the dissolved phosphorus (DP), soluble reactive phosphorus (P ortho), total 
phosphorus (TP), according to Mackereth et al. (1978); and ammonia according to Koroleff (1976). 
It was used the Principal Component Analysis (PCA) to check possible behaviours and patterns of 
the variables, the spatial and temporal dimensions. The results showed that in the studied 
watershed the predominant land use are grasslands and urban areas, representing together 93% 
of the entire land use of the hydrographic basin, indicating that the area has come under intense 
human intervention. The exploratory analysis revealed an organization of results in relation to 
seasonal periods, allowing discrimination between the rainy season and the dry season. Analysis 
of the results also revealed that the determining factor, for the characterization of water quality 
along the sections, is the land use and cover, especially due to the anthropogenic interference in 
the drainage network. Other studies using the exploratory analysis also showed the same type of 
pattern, because of the human activities, such as high soil sealing in the areas of the hydrographic 
basin, removal of riparian vegetation, pollution and siltation of water bodies, among others, lead to 
several changes in water quality. In this sense, the appropriation of the channel due to the 
urbanization process occurs in the sense that the stream functions as a receiving body of all the 
water that runs through the watershed, getting all kinds of contaminants that alter the ecological 
dynamics and water quality, compromising its use in a sustainable manner. 

Keywords: Macacos stream, Watershed, Limnological Monitoring, Land Use and Cover. 

1. Introduction 
Water is an essential natural resource for the survival of all living beings and its availability is 
crucial to characterize the life’s quality of some populations. However, how the water resources are 
used and managed influence the environmental degradation and the risk of water shortages that 
compromise the life’s quality of future generations (Ferreira and Cunha, 2005).  

According to Kreischer et al. (2012) since the last century, urban development began to create 
patterns of urban concentration. In big cities, there was a process of urban decentralization 
towards the periphery, leaving the downtown depopulated and degraded cities. In Brazil, in some 
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regions, the population in irregular or informal area reaches 50% (MMA 2000). 

The large Brazilian urban concentrations present critical sustainability conditions due to excessive 
loads of domestic and industrial pollution and the occurrence of urban flooding that contaminate 
water sources, besides the strong water demand (Tucci, 2005). Such factors lead to an impending 
reduction in water availability. A deterioration in the life’s quality is consequently potentiated in 
population with the worsening of emerging and re-emerging waterborne diseases and the collapse 
of commercial and industrial activities (Pesce, 2000). 

The rivers and streams are very sensitive to human occupation in urban areas as in rural areas, 
reflecting such effects on physicochemical and biological quality water. According to Tundisi 
(2008), the rivers are submitted permanently to impacts of human activities, which have several 
levels of magnitude, from the construction of canals and deforestation of many galleries to the 
discharge heavy metals, herbicides, pesticides and a large number of organic substances that will 
be dissolved in water. 

The water quality study is an interesting way to diagnose the main problems associated with 
human activities that affect the natural dynamics of the water body. According to Campos (1999), 
besides the anthropic presence, the water quality of a hydrographic basin can be influenced by 
several factors; among them are climate, vegetation, topography, geology, as well as the type, use 
and management of the hydrographic basin. 

In the municipality of Álvares Machado – SP/Brazil, the urban area is on an interfluve and its 
expansion occurs toward the slopes. The lack of an adequate environmental planning is reflected 
in the environmental situation of watersheds that are present mostly in the degradation process. 

The headwaters of the Apes Stream, located in the northern part of the municipality of Álvares 
Machado, have many environmental problems resulting from the forthcoming urban presence of its 
banks. According to Pereira (2010), these impacts are mainly caused by the removal of vegetation, 
soil sealing and occupations close to the valleys. 

Thus, the objective of this research was to understand how the use and coverage of the watershed 
influence the water quality through the limnological monitoring at the Macacos stream, in order to 
identify patterns and trends spatiotemporal regarding the behaviour of physical, chemical and 
biological variables, and understand how the anthropic presence interferes with the quality and 
sustainable use of water resources. 

2. Methods 
The map of land use and coverage was generated using an aerial orthophoto, with spatial 
resolution of 1 m in ArcGIS 10.3. The thematic information were defined with the aid of the 
Technical Manual of Land Use (IBGE, 2013). 

In the vector editing software module it was performed the vectorization on screen for each of the 
classes. The areas of each class of use were obtained through the Calculate Geometry tool in 
ArgGis, and percentages were calculated in Excel 2013. 

The monitoring was carried out through two work field, the first on September 19th 2015, the 
second on February 28th 2016. Table 1 and Figure 1 show the geographical location of the 
sampling sections. 

 
Table 1 – Geographic location of the sampled sections. 

Sections Latitude Longitude Altitude (m) 

S1 22° 4'31.47"S 51°28'15.12"O 464 

S2 22° 4'18.29"S 51°28'3.24"O 434 

S3 22° 3'59.25"S 51°27'55.18"O 412 
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S4 22° 3'57.27"S 51°27'56.88"O 412 

S5 22° 3'55.37"S 51°27'53.71"O 412 

 

 
Figure 1. Geographic location of the sampled sections. 

The measures flow velocity, width and depth of the sampled sections were made in field to 
determine the flow. The calculation was done in two steps: firstly, it was determinate the width and 
the average depth, through a bathymetry of the channel sections, to calculate the area. 

In the second step, the flow velocity was determined at various points of the section. For this, a 
distance of 1 meter was measured with a measuring tape, and then a floating material was 
positioned at its zero point. With a chronometer, the time that the floating material took to go 
through the distance proposal was recorded three times to make the average. 

The flow of the river was determined by the equation 1: 

Q = A. Vm  (Equation 1) 

In which: 

Q: average flow of the river 

A: cross-sectional area of the river in the measurement section 

Vm: average velocity in the section 

The variables pH, temperature, turbidity, conductivity and dissolved oxygen were obtained in field 
with portable digital devices. The analysis of orthophosphate, dissolved phosphorus and total 
phosphorus were made in laboratory according to Mackereth et al. (1978), and ammonia analysis 
according to Koroleff (1976).  

The results were tabulated in Microsoft Excel 2013 and later in the Statistica software version 13.0. 
The principal component analysis (PCA) (Gauch, 1994) was applied in order to reduce the 
dimensionality of the data and evaluate patterns in the spatial ordering. The values of the 
limnological parameters, except the pH, were log transformed (base ten), to linearize the 
relationship and reduce the effect of high values. The model of "broken-stick" was used to evaluate 
the axes to be retained for interpretation (Jackson, 1993). 

3. Results 
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Figure 2 shows the forms of land use and coverage in the hydrographic basin of the Macacos 
Stream with the following use classes: Urbanized Area, Permanent Culture, Temporary Culture, 
Forest, Grassland and Forestry.  

 
Figure 2. Map of land use coverage in the hydrographic basin of Macacos Stream. 

 
Table 2 – Classes of use and coverage and respective areas (hectares (ha) and percentages). 

Classes Area (ha) Percentage (%) 

Urban Area 106,8 43,3 

Permanent Culture 2,5 1,0 

Temporary Culture 0,3 0,1 

Forest 13,5 5,5 

Forestry 0,8 0,3 

Grassland 122,5 49,7 

Total 246,4 100 

Figure 2 and Table 2 show that the hydrographic basin is characterized by two distinct uses and 
coverage: one more urbanized and densely populated and other with lower density, which there is 
a predominance of grasslands and undergrowth in general. Together, these two classes account 
93% of all uses and coverage of the studied hydrographic basin, showing the intense human 
intervention suffered in the area. 

Regarding the results of the water quality monitoring, the principal component analysis (PCA) 
summarized all the environmental variables chosen for the study. Using the model of "broken-
stick", the principal components 1 and 2 were significant and retained for the interpretation of 

limnology and hydrodynamic data. These two components explained 85.0% (= 58.2% PC1 
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and PC2 = 26.8%) of the total variability of the data. The derived structure coefficients of the 
principal components analysis applied to limnologic data are shown in Table 3. These coefficients 
express the Pearson correlations between the variables and the principal component (PC1, PC2). 
The above values of 0.65 (in module) identify the structure coefficients more correlated with the 
principal components 1 and 2. 

Table 3. Derived structure coefficients of the principal component analysis applied to limnology and 
hydrodynamic data. 

Variables PC1 PC2 

pH 0,856113 0,405397 

Dissolved Oxygen 0,842472 -0,504793 

Electric conductivity 0,600120 0,652215 

Turbidity -0,816918 -0,531375 

Temperature -0,835177 -0,433218 

Ammonia -0,415081 0,685549 

Orthophosphate -0,926881 0,223626 

Dissolved Phosphorus -0,889926 0,284523 

Total Phosphorus -0,902565 0,281850 

Flow rate 0,132499 -0,827754 

The variables positively correlated with the principal component 1 were pH and dissolved oxygen, 
while the variables turbidity, temperature, orthophosphate, dissolved phosphorus and total 
phosphorus were negatively correlated. In relation to the main component 2, the variable electrical 
conductivity and ammonia were positively correlated, and the flow variable, was negatively 
correlated. 

 
Figure 3. Table of spatial trends. 
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Figure 4. Table of temporal trends 

Regarding the spatial trends in Figure 3, it’s possible to notice that the diagram separated the 
section 1 and 2 on the bright side of PC2, and the sections 4 and 5 in the negative part. The 
section 3 shows a more dispersed behaviour in relation to this axis. In relation to PC1, the 
variables also exhibited a more complex behaviour. Thus, the spatial trend that can be verified in 
Figure 3 is that the sections 1 and 2 showed higher electrical conductivities and ammonia, while 
Sections 4 and 5 showed higher flow rates. 

Regarding the temporal pattern, Figure 4 shows a tendency of organization the results on the PC1. 
Samplings of September 2015 showed grouping on the bright side of this axis, while samplings of 
February 2016 showed grouping in the negative part of this axis. Regarding PC2, samplings of 
February were distributed predominantly in the negative part of the axis, while September on the 
bright side. 

Therefore, by the observed temporal ordering, in September the water showed higher pH, 
dissolved oxygen, ammonia and conductivity, while in February the water showed higher turbidity, 
temperature, orthophosphate, dissolved phosphorus, total phosphorus and flow. 

4. Discussion 
The studied region has some forest fragments surrounded by totally disfigured areas of its original 
vegetation. According to Boin (2000), this fact is due to western of São Paulo State has suffered 
intense anthropogenic changes that were caused by the action of grabbers and land speculators, 
and it has been occupied by farmers and still crossed by railways and major wood consumers. 
Therefore, the region has had its natural vegetation, predominantly forests quickly extinguished 
and replaced by crops and pastures. 

Forest cover provides protection to the soil from the direct impact of raindrops, slowing the velocity 
of runoff and promoting water infiltration into the soil (Vaeza et al., 2010). From an ecological point 
of view, the strong reduction in regional forest cover has implications on the composition and 
distribution of plant and animal species, a process that usually leads to a reduction of gene flow 
between populations, thereby increasing the chances of local extinction (Primack and Rodrigues, 
2001). 

In addition, the region is characterized by urban area occupation. According to Tucci (2002) the 
urban development alters the vegetation and causes changes in the natural water cycle, because 
the original vegetation is replaced by impervious areas and is introduced conduits for storm water 
runoff. Schneider et al. (2011) also report that once the streets have little or no barrier to the flow, 
the water tends to concentrate and flow rapidly to the drainage systems, leading the water to the 

rivers. 
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The exploratory analysis of the obtained data from the water quality monitoring reveals that the 
rains potentiate the urbanization impacts on streams. Brazil has a marked seasonality, with dry 
and rainy season at different times of the year according to the geographic location (Figueroa and 
Nobre, 1989). Usually rainy season occurs between the months of November to March and the dry 
season from May to September. In the rainiest month, February 2016, the concentrations of 
phosphorus, nitrogen and turbidity were higher due to increased surface runoff water that runs 
through the city streets, carrying more contaminants to the water body. 

From the spatial analysis, the sections 1 and 2, located on the outskirts of the urban area and in 
direct contact with the storm sewers, had a higher electrical conductivity values. Normally, this 
variable is related to mineral composition of rocks present in the region, such as carbonates. 
However, according to Tundisi (1988), the lack of riparian vegetation can contribute to increase 
this value, as it has a powerful effect on the absorption of dissolved ions. 

Arroio Junior at al. (2011) used the exploratory analysis to explain the spatial and temporal 
behaviour of the variables in Rio Santo Anastácio – São Paulo, Brazil, and revealed the same 
behaviour. The main finding of theirs study was that the observed responses in Rio Santo 
Anastácio might be inter-related to human activities, such as high soil sealing in the areas of the 
hydrographic basin, the absence of measures to contain the erosive processes, the removal of 
riparian vegetation, pollution and siltation of water bodies and the disorderly occupation of the land. 

In this regard, it’s noted that the use and coverage of the land in the hydrographic basin, which has 
suffered intense human intervention leading to the shortage of riparian vegetation, is a key factor in 
maintaining the water’s quality. The behaviour of the limnologic variables in space and time 
showed how such factors directly influence the physicochemical characterization of the water. 

In the studied area, the stream is used primarily for watering livestock and irrigation. Depending on 
the intensity of the environmental impact caused by the presence of the urban area close to the 
stream margins, the use of water resources is compromised. So, it’s necessary to preserve and 
conserve the vegetation of the surroundings, which is primarily responsible for ensuring the 
sustainable use of stream water. 

5. Conclusions 
The study of the behaviour of physical and chemical variables to understand the limnologic 
dynamics of a water body can be an important tool for making-decision involving environmental 
planning of hydrographic basin. 

The appropriation of the channel, due to the urbanization process, occurs so the receiving body of 
storm sewers and runoff receives all kinds of contaminants and solid waste that modify the 
ecological dynamics and the water quality, compromising its use. 

To search an environmental sustainable solution it’s needed the integrated management in urban 
infrastructure, starting with the definition of the land use with preservation of natural functions as 
the infiltration and natural network flow. The principles of sustainable development in storm water 
involve: recovery or maintenance of natural functions of storm water runoff and infiltration, natural 
ravine developed by the flow and reduction of diffuse sources of pollution such as contamination. 

The greatest difficulty for the implementation of an integrated planning is due to the limited 
institutional capacity of the municipalities to solve complex and interdisciplinary problems and the 
sectorial way that municipal management is organized. Public policies that involve environmental 
education and encouraging people to dispose of waste properly and the preservation of riparian 
vegetation within the limits established by law are some of the measures that guarantee the 
sustainable development of the community and the conservation of water resources. 
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Abstract 
The textile industries are so important in the world economy and one of the main inputs used by 
this sector is water, which is largely employed. It is estimated that in order to produce 1 kg of fabric 
it takes about 80 L of water. The waste water from these industries are potential contaminants of 
water bodies because the dyes used during the dyeing process are mostly consisting of complex 
chemical structures, making it difficult to identify the contaminant compounds and their proper 
removal. There are over 100,000 brands of commercial dyes that produce annually about 700 tons 
of the product. The treatment of wastewater containing dyes derived from the textile industry has 
been a major challenge. However, as there is the possibility of non-use of water, many companies 
are investing in technologies with the purpose of reusing, hence the need of searching for new 
technological alternatives, in particular the adsorption techniques. The adsorption process has 
been highlighted to be a separation technique that has in its process feature a high selectivity at 
the molecular level as well as being effective and economical. It is known that nanotechnology has 
revolutionized the scientific and technological world in recent years, whose object of study involves 
creating and building structures and new materials from atoms. Among these, carbon 
nanomaterials: carbon nanotubes, fullerenes and graphene including graphene. Graphene is 
perhaps the newest of the carbon nanomaterials and expected to be a very active field of study. 
The 'isolation' of graphene in 2004 brought the attention of the chemistry, materials and physics 
communities to this nanomaterial. Despite the adsorption studies of the graphene been in an initial 
stage, recent results have shown it as a promising adsorbent due to its high surface area and te 
possibility of regeneration and reusing. In the present study it was evaluated the graphene XGNP 
adsorption capacity for the anionic dyes Reactive Red 120 and Direct Red 80. The data, obtained 
from experimental tests showed a high dye removal rate. It was investigated the variables that 
influence in the process. The results indicate the efficiency of the adsorbent. 

 
Keywords: graphene, dyes, textile industry, adsorption process 

 

1. Introduction 
Colored dyes are widely used in various industries such as textile, printing, plastic, food, 
pharmaceutical, and cosmetic to color the final product. The dyes can be considered one of the 
most dangerous environmental contaminants despite the different types of environmental 
pollutants from industries, reaching represent 15% of industrial waste released into the 

environment annually (Rong et al 2014). Their discharge into water body can cause 
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environmental pollutions because many of the used dyes are toxic, excessive exposure to dye cam 
causes skin irritation, respiratory problems, or even some are considered carcinogenic for human 
health (Luo, 2010). Furthermore, the presence of dyes in wastewater also contributes to high 
chemical oxidation demand and causes foul odor (Moradi et al, 2015). Thus, it is of extreme 
importance to remove dyes from wastewater effectively to ensure safe discharge of treated liquid 
effluent into watercourses. (Tan et al 2015) There are currently about 100,000 brands of 
commercial dyes producing in a year the range of 700 000 tons of dyes (Crini et al, 2006). The 
most of them used in textile industry.  

In Brazil, the textile industry is quite representative with more than 33,000 companies around the 
country that produce on average, including garments, bed and bath, an average of 6 billion pieces 
(ABIT, 2014). Treatment of wastewater containing dyes derived from the textile industry is 
complicated due to the complex composition of the products used in processing tissue, coming 
therefore the need to search for new alternative technologies such as adsorption techniques 
(Yagub et al 2014). Different physical and chemical process such as degration, chemical 
oxidations, biological or enzymatic treatment, coagulation, flocculation, ion exchange, membrane 
filtration, electrochemical oxidation and catalytic ozonation have been used for the treatment of 
wastewater containing dyes. However, these technologies are limited due to restricted efficiency 
(Du et al, 2014). Thus, adsorption techniques stand out mainly by the simplicity of operation and 
effective removal in low concentrations. When it comes to alternative technologies, in recent years, 
nanotechnology and nanoscience have been considered areas of great importance to scientific 
development. The materials at the nanoscale have new properties, and the chemical elements 
manifest different reactivity patterns (Martinez et al, 2013).  With the development of nanoscience 
and nanotechnology, so as to improve the adsorption efficiency, many nanomaterials, which have 
large special surface areas to increase the loading amount of dye have been used for the 
adsorption of dyes and achieved good results. Nevertheless, there are still growing demands for 
the development of efficient and cost-effective treatment technologies for the removal of such 
dyes. (Liu et al, 2015).  

Among nanomaterials, derivatives of carbon stand out as fullerenes, nanotubes and graphene, the 
latter being first synthesized in 2004 by Novoselov and Gein winners of the physics Nobel Prize in 
2010 for the important milestone in nanotechnological development. Graphene is the basic 
structural element of some carbon allotropes. Therefore, its structure is considered the basis for 
other allotropes of carbon, being formed by a graphite monolayer consisting of a hexagonal 
structure of carbon atoms with sp2 hybridization and distance between the carbons of 
approximately 1,42ºA (Geim and Novoselov , 2007). One of the most 

important features of graphene to be taken into account for its potential use in wastewater 
treatment, and other adsorption processes, is its great specific surface (2630 m2/g) and flat 
geometry (González et al 2015, Moradi et. al., 2015; Robati et.al, 2015 ; Srikanth et.al. 2014).  

Recent studies have shown graphene for the adsorption of dyes in aqueous solutions as a 
promising adsorbent, despite of the initial stage of research, due to its outstanding properties such 
as high surface area and abundance of functional groups (Xu et al, 2013). 

In the present study, we evaluated the XGNP graphene adsorption capacity for anionic dyes Direct 
Red 80 (VD) and Reactive Red 120 (VR). The data obtained from experimental tests showed a 
good rate of removal of dyes. The variables that influence the adsorptive process, and the results 
indicated the adsorbent efficiency analyzed for the removal of dyes 

2. Methods 

2.1. Adsorbent 
The graphene used in the adsorptive tests was a commercial one acquired from XG Sciences 
(USA), presented in the form of nanoplatelet (xGnP® category M - 25 microns). According to the 
information on the manufacturer's data sheet the adsorbent was produced by microwave 

expansion at high temperature, containing less than 1% oxygen by weight remained as a 
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functional group (carboxylic acid, ether and hydroxyl) attached to the surface of the sheet. Platelets 
have an average thickness of 6 to 8 nm and an average diameter of 25 micrometers. As the 
adsorbent was commercially obtained, it was not made any larger preparations or modifications 
before its use. It was only determined the point zero charge of the adsorbent and the identification 
of the crystalline phases. 

The identification of crystalline phases was carried out from the X-ray diffraction (XRD), equipment 
with Bruker brand (D8 advance). The analyzes were performed with CuKα radiation (λ = 1.5406) in 
the angular range 2 to 80 °. The identification of the crystal phase was carried out by comparison 
with the standards of the Joint Committee on Power Diffraction Standards (JCPDS) for graphene 
(PDF - 75-1621) (HU 2005). 

To determine the zero charge point of the adsorbent it were placed 0.05g of the adsorbent in 
contact with 20 ml of a sodium chloride solution (NaCl) 0.05 mol L-1, at different initial pH 
conditions (2, 3, 4, 5, 6, 7, 8, 9 and 10). For the initial adjustment of pH using a solution of 
hydrochloric acid (HCl) 0.1 mol L-1 and a sodium hydroxide (NaOH) at 0,1mol.L-1. The sample 
was left under agitation for 24 hours to reach equilibrium conditions, and then final pH values were 
measured. For the tests, the samples were kept under agitation of 150 rpm at 25 ° C. The 
determination of the zero charge point was made through the construction of graph final pH versus 
initial pH. 

2.2. Adsorbates –  Direct Red 80 (DR) and  Reactive Red 120 (RR) dyes 
The selected dyes were obtained commercially from the company Sigma - Aldrich®. Their 
structure is shown in the Figures 1 and 2. 

 
Figure 1. Molecular structure of the dye Direct Red 80. Source: Sigma - Aldrich®. 
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Figure 2. Molecular structure of the dye RR 120. Source: Sigma - Aldrich®. 
 

2.3. Adsorbent characterization 
The techniques employed for the characterization of adsorbent material were the X-ray diffraction 
and the zero charge point (pHpcz). 

In general, the identification of crystalline phases was carried out from the X-ray diffraction (XRD) 
equipment with Bruker brand (D8 advance). The analyzes were performed with CuKα radiation (λ 
= 1.5406) in the angular range 2 to 80 °. The crystalline phase was identified by comparison with 
standard by the Joint Committee on Power Diffraction Standards (JCPDS) for graphene (PDF - 75-
1621) (HU 2005). This characterization was carried out in the northeast of Strategic Technology 
Center (CETENE). 

To determine the adsorbent zero charge point 0.05g of the adsorbent are placed in contact with 
20ml sodium chloride solution (NaCl - 0,05 mol.L-1) under 9 different initial pH conditions (2.3, 
4,5,6,7,8,9 and 10). The initial pH was adjusted using hydrochloric acid (HCl - 0,1 mol.L-1) and  

sodium hydroxide (NaOH - 0,1mol.L-1). It was stirred for 24h until it reached equilibrium conditions. 
Subsequently the solutions were filtered using a syringe with hydrophobic PTFE membrane filter of 
0.22 uM pore, and then the final pH values were measured. The test conditions were kept on a 
shaker table with stirring of 150 rpm at 25 ° C. 

The determination of the zero charge point was made by graphing final pH versus initial pH, which 
value can be estimated. 

2.3. pH test 
To check the influence of the pH it was varied the range from 1.0 to 12.0 and it were used 0.01 M 
HCl and 0.1 M NaOH to adjust the values. Aliquots of 100 ml of dyes were then prepared 50 ml/g 
and adjusted to pH concerned, placed, subsequently, in contact with the mass of adsorbent in an 
agitation 150 rpm for 120 min. 

 

2.4. Mass test 
To evaluate the influence of the sorbent mass in the adsorption process for the RR masses 120 
grams of 0.010; 0.030; 0.050; 0.070; 0.105; 0.110; 0.130; 0.150; 0.170 and 0.200 graphene were 
used. For the dye DR 80 it was evaluated the influence of the mass in the process. The endpoints 
(0.01 g and 0.2 g) and the central point 0,105g were evaluated. Hence rates of 50 mL of the dye 
were then prepared 50 mL / g and placed in contact with the graphene in a stirring 150 rpm for 120 
min. 

2.5 Estimating the maximum adsorptive capacity 
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The adsorbed amount was calculated according to Equation 1: 

 
(Ci - Cf 

) 
 q= .V 
 

 M 
 

  
(1) 

 

in which q is the maximum adsorption capacity, Ci is the initial concentration Cf final dye 
concentration in mg / L, M the mass of the adsorbent and adsorbate g and V the volume in L 

Equation (2) was used to verify the removal efficiency: 
 

e= Ci -  Cf  x100 (2) 
 Ci  

where e is the efficiency of the process, Ci is the initial concentration Cf and the final concentration 
of the dye. 

3. Results and Discussion 

3.1. Potential of zero charge (PZC) and X-ray diffraction pattern of the sample of graphene 
xGnP® 
The pH affects the surface charge of the adsorbent. Because of that the influence of pH on the 
adsorption process is one of the most important variables to be studied. The pHpcz indicates the 
pH in which the number of positive charges equals the number of negative charges when the 
system reaches equilibrium, and the adsorbent behaves as a buffer. It was found that this constant 
pH occurred in a final pH values between 3.6 to 3.9, obtaining an average of 3.78, which will be the 
pHpcz of the analyzed graphene. 
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Figure 3. Zero charge point (pHpcz) of XGNP graphene 
 

Figure 4. X-ray diffractogram of sample of graphene 
 

It is observed that when the pH is less than pHpcz, the surface of the graphene will be positively 
charged, this fact favors the adsorption of anionic dyes, such as the VR 120 and the DR 80. 

The X-ray diffractogram of sample of graphene, Figure 4 shows, by means of the peak at 2Θ equal 
to 26.48 and 44.34, characteristic diffraction planes of graphite (002) and (101) respectively. 

3.2 Study of pH effect on the adsorption process of dyes on graphene 
For the initial evaluation, it was found the maximum absorption wavelength determined by spectral 
scanning of the dye in the visible region. Then, the initial pH testing was performed on each dye 
using a mass 0:05 g of graphene. The results are shown in Figures 5 and 6. 
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Figure 05 : Effect of  pH in the of VR 120 adsorption process 
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Figure 06: Effect of  pH in the of DR 80 adsorption process 

 
Effect of solution pH The pH of the dye solution has a significant effect on the surface charge of 
Graphene, the degree of ionization of the materials, the dissociation of functional groups on the 
active sites of the adsorbents surface, and the structure of the dye molecule. (Moradi 2015). For 
the studied dyes it was observed that at lower pH values, the removal was more pronounced. 
Ramesha (2011) explained that this type of behavior is associated with anionic character of the 
dye, which interacts sharply with the negatively charged groups of the graphene surface by means 
of van der Waals forces. It has been found through the study of the pH to the percentage of 
removal of the RR 120 was approximately 63% and the DR 80 dye was approximately 96%. 
 

3.3 Mass Effect Study on the adsorption of the dye on graphene 

 

It was found that the maximum adsorption capacity was obtained with 0.170 g. It was examined a 
variation in mass of 0.01g to 0.2g of graphene. It was observed that the adsorptive capacity grows 
to 0.170 g, and from this point it decreases. Whereas, from 0.170g of adsorbent happens to 
decrease the active sites are free for adsorption. 
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Figure 07: Effect of mass changing in the RR 120 adsorption process 

 
In the case of the dye DR 80 the mass that was most suitable for use in the process was 0,01 g. 
Showing that for a removal of significant amounts of coloring agents it is just needed only a small 
aliquot of graphene. 

4. Conclusions 
The results of this study indicate that the adsorption process on graphene xGnP® is an excellent 
alternative for removal of dyes RR 120 and DR 80. The optimized mass and pH in which occurred 
the maximum adsorptive capacity were respectively 0.170 g for RR 120 and 0.01 g for the DR 80, 
both at pH 3. Considering the results obtained it can be concluded that graphene is an excellent 
technology strategy for the removal of dyes due to its regenerative properties and reuse. 
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The effect of climate change on urban drainage systems 
Bartosz Kazmierczak, Marcin Wdowikowski, Ondrej Ledvinka 
 

Abstract 
The climate warming observed in the last century affects the amount and the intensity of the 
rainfalls. The increase of the average annual globe temperature causes, among others, increased 
water circulation in the hydrological cycle. The amount of local precipitation will vary as a result of 
global and regional climate changes. Nowadays, in order to minimalise the negative results of such 
occurrences the proper remedial planning is urgently necessary. This is because the drainage 
systems that are built nowadays should prove correct in the perspective of the year 2100. The 
European standard EN 752 (2008) allows the frequency of sewerage systems overflows to the rare 
repeatability of one time per 10 years to one time per 50 years – depending on the land 
management. Taking into consideration current knowledge about the trends of future climate 
changes until the year 2100, the adjustment of typical design rainfall to the safe designing of areas 
drainage systems can be completed by correcting their intensity. Archival pluviograms from 
Legnica (Poland) station from the years 1961-2010 constituted the research material. In the thesis 
the trend of local precipitation in Legnica were analysed. An increasing trend of maximum 
precipitation frequency in Legnica was proved. To a safe sewerage systems designing according 
to current standards (EN 752 2008; DWA-A118 2006), the precipitation frequency to the 
simulations of excessive accumulation occurrences to the land level should be changed. 
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Sustainable electricity using sustainable water – Assessing water 
requirements for electricity production in the Iberian Peninsula by 2050 
Afonso Pinto1, Sofia G. Simoes2  
1 Departamento de Ciências e Engenharia do Ambiente, Faculdade de Ciências e Tecnologia, 
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Tecnologia, FCT, Universidade NOVA de Lisboa, 2829-516 Caparica, Portugal, sgcs@fct.unl.pt 

Abstract 
1) Background context: The competition between water and energy needs is a critical issue from 
a business, security, and environmental perspective. Energy production consumes significant 
amounts of water. In a world where water stress is an escalating challenge, meeting future energy 
needs depends on water availability –and meeting water needs depends on wise energy policy 
decisions. The Iberian Peninsula has a long history of water stress and management practices to 
deal with it. Nonetheless, climate change (CC) scenarios will increase the problem, particularly as 
the region is asked to supply energy needs with lower or no impact on greenhouse gas (GHG) 
emissions. The amount of cooling water that a power plant needs depends on the type of operating 
technology, cooling technology and its fuel corresponding to different water withdrawal and water 
consumption factors. A coal power plant with closed-loop cooling system withdrawals less water 
than one with an open cooling system, but it may consume more water than the former. 2) 
Justification: Several authors have assessed the amounts of water consumed by the power 
sector globally and regionally. However, there are no assessments developed for future power 
sector scenarios or for the Iberian Peninsula. This is relevant to understand to what extent low 
carbon electricity is affected by water stress, which is projected to increase, under several CC 
scenarios for the region. 3) Aim: This paper aims to quantify the amounts of water required to 
supply the power sector in Portugal and Spain from 2010 up to 2050 and to compare these with 
estimated water availability scenarios at watershed level. We consider different carbon targets and 
CC future scenarios.  4) Methods: We apply the water consumption and withdrawal factors from 
the literature to the different power sector scenarios from the National Low Carbon Road Map 2050 
for Portugal and from the EU Energy Trends up to 2050 for Spain, complemented with results from 
the COMET EU-project. We allocate the current plants to the major watersheds. We compare 
future water needs for the power sector with future water availability scenarios from literature, in 
particular from the SIAMB project and of Rasilla et al. (2013). 5) Findings: From 2010 up to 2050 
the water consumption and withdrawal due to electricity generation in Iberia will decrease 11-13% 
in a reference scenario. In a low carbon scenario the results vary according to the carbon 
mitigation pathway. 6) Conclusions: We conclude that water use for the current and future power 
sector in Iberia is relevant, although not as important as concurrent uses such as for agriculture 
and ecosystem services. The matter should however gain more attention due to the shared nature 
of the three main river systems. Future work should focus on studying the effects of water use for 
electricity generation at monthly level since water availability has a strong intra-annual variation in 
the two countries. 

Keywords: power sector; water for energy; water scarcity; climate mitigation; climate change 
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Irrigation Development as a Measure to Combat Climate Change Risks 
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Abstract 
Replacing a rainfed cropping system with an irrigated one is widely assumed to be an effective 
measure for climate change adaptation. But some finding suggests that reassessing climate 
change risk in agriculture is crucial not to overestimate potential of irrigation-based adaptation. 
Climate change influences production of cereals in Russia but this general perception of 
beneficiary effect of a warmer climate is unlikely to hold, primarily due to increasing risk of 
droughts in the most important agricultural areas of the country. Since Russia is a major crop 
producer which influences world grain prices, it is important to investigate how climate change can 
affect the potential growth of grain production in Russia and especially in the Southern regions of 
Russia, of the Black sea and Volga river basins. To achieve this, the present study seeks to 
answer two research questions: 1) will climate change have a positive impact on grain production 
in Russia? If not, 2) could the negative impacts of climate change on grain production and national 
food security be minimized through expanding irrigation? Using IMPACT-3 model, we analyse 
three scenarios for agricultural development in Russia until 2030 in the context of climate variability 
or change. The base scenario assumes no alteration both in the currently irrigated areas and in 
climate. The irrigation scenario considers the expansion of irrigated areas in the Black Sea and 
Volga River basins by 15% till 2025 in the context of climatic changes. The dry scenario 
incorporates the potential risks of global warming without the expansion of irrigated areas, resulting 
in the reduction of wheat, rice and vegetables yields by an average of 10-15% by 2030. The 
irrigation scenario projections show doubling of gross agricultural output in 2030 as compared to 
the dry scenario. The consumer prices under the same irrigation scenario are projected to be lower 
only by 5%. Expanding irrigation under wheat may lead to competition with wheat production in 
rainfed areas. As a consequence, the rainfed areas under wheat may decrease, whereas the 
production of irrigated wheat may grow. However, this growth may not fully compensate the lost 
rainfed production and thus may lead to lower growth rates of overall wheat production in Russia, 
with wide-reaching implications not only for domestic consumers, but also for the international 
grain market. The estimation results in the welfare module indicate that the first scenario (that of 
irrigated areas expansion) is more profitable for agricultural producers since their profit increases 
by 11%, and consumer welfare due to consumer prices decrease also increases slightly by 0.4%. 
The agricultural producer welfare surplus doesn't influence the consumers welfare in the 
proportional way because, there are other factors affecting this in Russia such as long distance 
between the producers and consumers, which lead to high transport costs and also the oligopoly 
issues on the retail market. Thus, to have a full positive impact from irrigation development Russia 
has to improve the situation in other spheres of economy. 

Keywords: IMPACT-3 model, scenario analysis, irrigation, welfare module 
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1. Introduction 
Global warming and consequent climatic changes have been a hot topic in the scientific literature 
and public discourse for more than two decades. One of the key issues relates to the impacts of 
climatic changes on water more specifically, will we have enough water if the climate gets dryer? 
And what will happen to the soils – will climate change affect organic matter in the soil, will it 
influence the crop yields, will we have enough water to sustain increasing yields to feed the 
growing population. So this complicated interactions - climate change, water, soils and people’s 
wellbeing is the crux of climate change related research. 

There is increasing evidence of environmental changes in ecosystem processes and functions, yet 
poor understanding of the relative contributions of land use and climate change to ecosystem 
services variations. Evidence shows that growing temperature influences more water use in 
agriculture and affects land use shifts (Pan et al., 2015). Where future changes are uncertain, the 
sign of the yield change is uncertain as well. Growing temperatures could reduce crop yields in the 
nearest future (Ummenhofer et al., 2015). At the same time we have to understand that future is 
uncertain and that we have to apply and model different climate scenarios in order to have a 
broader view of a range of possible outcomes (Thompson et al., 2015). 

Climate change can also affect land use change, which will have impact on soils (Schmitz et al., 
2014). Some models use climate data, land use change data, soil data and show the 
interconnections, in fact, on Russia as an example (Smith et al., 2007). The relationship between 
organic matter (OM) lability and temperature sensitivity is disputed, with recent observations 
suggesting that responses of relatively more resistant OM to increased temperature could be 
greater than, equivalent to, or less than responses of relatively more labile OM (Conant et al., 
2008). Recent research showed that there's still uncertainty in soil carbon–climate feedback 
predictions and some projections could overestimate this interaction (Tang and Riley, 2014). 
Nevertheless, it is shown that if the temperatures rise there is more probabilities of more frequent 
draughts directly affecting soils fertility and, thus, also reducing crop yields. So we need to find 
some ways to sustain yields and protect the soils which could be done with optimized water 
management. 

Water resources are also scarce. Climate change will have potentially significant effects on 
freshwater quality due to increases in river and lake temperatures, changes in the magnitude and 
seasonality of river runoff, and more frequent and severe extreme events. These physical impacts 
will in turn have economic consequences through effects on riparian development, river and 
reservoir recreation, water treatment, harmful aquatic blooms, and a range of other sectors 
(Boehlert et al., 2015). Global warming can affect hydrology, morphological changes to river 
channels and water capacity in river and sea basins, which can support the development of some 
regions, but challenge other ones, which face often draughts (Lotsari et al., 2015). Replacing a 
rainfed cropping system with an irrigated one is widely assumed to be an effective measure for 
climate change adaptation. However, many agricultural impact studies have not necessarily 
accounted for the space-time variations in the water availability under changing climate and land 
use. Moreover, many hydrologic and agricultural assessments of climate change impacts are not 
fully integrated. Other finding suggests that reassessing climate change risk in agriculture is crucial 
not to overestimate potential of irrigation-based adaptation (Okada et al., 2015).  

There are studies focusing particularly on Russia's climate change influence and mitigation 
(Skrylnikova et al., 2014; Kiselev et al., 2013). Russia has a lot of fertile land but due to climate 
variability there is high inter-seasonal variability in crop yields (Dronin and Kirilenko, 2013). 
Farming in higher latitudes is generally believed to benefit from a warmer climate due to extended 
growing seasons, reduced risk of frost, availability of more productive cultivars, and an opening 
potential of farming in northern locations. Climate change influences production of cereals in 
Russia but this general perception of beneficiary effect of a warmer climate is unlikely to hold, 
primarily due to increasing risk of droughts in the most important agricultural areas of the country. 
(Dronin and Kirilenko, 2011). Since Russia is a major crop producer which influences world grain 
prices, it is important to investigate how climate change can affect the potential growth of grain 

production in Russia and especially in the Southern regions of Russia, of the Black sea and 
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Volga river basins. To achieve this, the present study seeks to answer two research questions: 1) 
will climate change have a positive impact on grain production in Russia? If not, 2) could the 
negative impacts of climate change on grain production and national food security be minimized 
through expanding irrigation?  

To answer these research questions, we evaluate the potential scenarios of expanding irrigated 
areas in Russia and their impacts on agricultural output in the country. We use an updated 
IMPACT-3 modelling suite (Rosegrant, 2012), including also the welfare module, with the help of 
which we are able to estimate the impacts of expanded irrigation not only on agricultural crop 
yields and, consequently, on agricultural incomes (i.e. producer surplus), but also to identify any 
changes in the consumer surplus and the total welfare of the society. 

 
2. Research area 
Russia is rich in land resources and the present national polices are focused on increasing the 
agricultural production, as evidenced by the National Program for Agricultural Development and 
Regulating the Markets of Agricultural Products, for 2013-2020, hereinafter referred to as the 
National Program-2020 (National Program-2020, 2012). The big extent of Russia’s territory and 
consequent differences in agro-climatic zones will make the impacts of climate change highly 
differentiated, requiring more complex and nuanced approaches in climate change adaptation 
(Projecting Global Climate Change, 2009). Therefore, various scenarios of agricultural 
development and impacts of climatic changes need to be analysed for their effects on agricultural 
output, consumer markets and the national economy, as a whole. 

The International Model for Policy Analysis of Agricultural Commodities and Trade (IMPACT) 
enables to conduct scenario projections for agricultural development at the country level in the 
context of climate change (Rosegrant et al., 1995). Climate change projection estimations for 
Russia have already been made within this model with interesting results (Kiselev et al., 2013). 
Most notably, it is forecasted that by 2050 some Northern territories, the Tyumen Region, for 
instance, may become favourable for growing potato, barley and wheat due to the agro-ecological 
shifts. At the same time, some Southern regions, for instance, the Krasnodar region, may face 
more draughts and lower grain yields by a up to - 15% (Kiselev et al., 2013). 

The latter case is problematic for agricultural production in Russia, as the majority of Russia’s most 
productive agricultural farms are presently located in these southern regions, specifically, in the 
Volga and Black Sea basins. Being presently mostly rainfed, one potential adaptation option in 
these areas against recurring droughts would be through expansion of the supplemental irrigation 
for growing crops. Naturally, the related economic consequences of such shifts need to be properly 
analysed.   

In this context, the expansion of irrigated areas in Russia offers a number of opportunities and is 
deemed a vital part of the National Program-2020, within the scope of the Federal Target Program 
“Agricultural Lands Melioration Development in Russia for 2014-2020” (Resolution №922, 2013). 
Irrigated agriculture not only enables to improve crop yields and profitability in the short term, but 
when properly applied, helps to improve soil fertility and limit soil degradation (Scientific Basis for 
Soil, 2013; Shchedrin and Balakay, 2014). Expanding irrigated lands shall have notable impacts on 
the production of rice and vegetable crops (Balakay, 2011; Vaneyan and Menshikh, 2012; 
Shchedrin and Balakay, 2014; Shchedrin, 2012). In Russia’s central and southern regions, with 
irrigation, grain yields could rise by up to 40-50%, as compared to the current levels (Schierhorn et 
al., 2014). 

Irrigated agricultural lands make up only 3% of the Russian cultivated lands (Report, 2014). 
Irrigation areas or irrigation units are those territories (or fields), which actually have any irrigation 
infrastructure. Of these available irrigation areas, only about 40% are in the actual use (Table 1). 
This may be due to outdated equipment that many agricultural producers are unable to repair or to 
replace because of difficult economic conditions (Shchedrin and Balakay, 2014). As noted in the 
Report on the Status and Use of Agricultural Lands prepared by the Russian Ministry of Agriculture 

for 2013, in 2012 “more than half of irrigation units (2.4 million ha) require improving including 
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2,2 million ha requiring reconstruction and technical re-equipment works” (Report, 2014). More 
than 70% of the irrigated lands with unsatisfactory meliorative condition are located in the Southern 
and North-Caucasian Federal Districts. 
Table 1. Irrigated areas in Russia, as of January 01, 2012 

 

Federal Districts Irrigated Lands, 
thousand ha 

from which 
reconstruction 

required 

Central 480.7 352.5 

Southern 1076.5 559.8 

North Caucasian 1049.7 629.7 

Total in the Russian 
Federation 4284.6 2373.4 

Source: (Concept, 2012). Note: The ratio in the Central, Southern, North Caucasian Federal Districts represents 61% of 
total irrigated areas, including 65% of those where reconstruction is required. 

As it is clear from Table 1, most irrigated areas are located in the Southern Federal District, that is 
the region, on the one hand, having favorable conditions for agricultural production (fertile lands, 
available water resources, warm climate), but also suffering from frequent droughts, which is a risk 
for agriculture. Therefore, optimizing the condition of irrigation facilities may be a solution for 
boosting future agricultural output. However, there are some indications that the quality of irrigated 
areas is deteriorating. According to the aforementioned Report on the Status and Use of 
Agricultural Lands for 2013, in 2010, 47% of irrigated acreage was not used, and in 2012 – 52% of 
them were not used. 

Irrigation units enable agricultural producers to lessen climate risks primarily in the case of 
droughts. According to the National Report in 2010 when our country suffered from droughts in 
European Russia on rainfed territories, the wheat yields decreased by 37% as compared to the 
previous year, and on irrigated lands only by 12% (National Report, 2013). Thus, irrigation may not 
fully compensate extreme natural and climatic conditions but substantially decrease the losses and 
provide for output increases as compared to rainfed fields. The output from an irrigated hectare 
may be 2 – 5 times higher than from rainfed fields, and (Concept, 2012). 
Table 2. Crop yields changes with irrigation 

Crop Region Yield growth with 
irrigation, as compared to 

rainfed yields 

Source 

Wheat Rostov  By 30% Drobilko et al., 2009 

Potato Rostov  By 20% Kalygin, 2005 

Vegetables Saratov By 100% Ovchinnikov and Gavrilov, 2010 

Cabbage Moscow  By 32% Vaneyan and Menshikh, 2012 

Sunflower Saratov By 25% Bessmol'naya, 2011 

Soybean Krasnodar By 50% Gutrits, 2005 

Grain Maize Krasnodar  By 100% Balakay and Orel, 2005 

Sugar Beet Rostov  By 100% Yakovenko, 2006 

 

The yields on irrigated lands are usually higher than on rainfed areas (see Table 2). Besides, 
irrigation not only influences the yield growth but also helps to store humus, preserving land’s long-
term fertility. To achieve full effect from irrigation one also needs proper drainage facilities, 
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otherwise the land could quickly become salinized. 

 

 

Figure 1. Russia’s rivers and sea basins. 

Note: in the left corner VOG_RUS is the Volga river basin, BLA_RUS is the Black Sea basin. 
 

In the Volga River and Black Sea basins (on Figure 1 they are VOG_RUS and BLA_RUS areas, 
respectively), being the most developed Russian agricultural regions, irrigation is extensively 
applied in experimental farms and slowly but steadily is coming to large and medium sized 
agricultural enterprises as well, particularly in those producing rice and vegetable - highly water-
demanding crops (Ovchinnikov and Gavrilov, 2010; Shchedrin and Balakay, 2014). The expansion 
of irrigated areas is occurring slowly due to high capital costs, financed through the limited public 
funds. Presently, the state property share in the number of irrigation units and waterside structures 
is over 60%. 

In the Rostov Region, irrigation is used to cultivate wheat, potato and sugar beet with high yields; 
in the Krasnodar Region it is used for rice, grain maize and other grain crops; in the Saratov 
Region, irrigation is applied in sunflower cultivation (see table 2). 

A number of studies in Russia show that irrigation preserves the soil cover structure providing 
favorable conditions for agriculture production for years to come (Zhaparkulova, 2014; Scientific 
Basis, 2013; Nevenchannaya, 2011;  Ovchinnikov and Gavrilov, 2010). However, irrigation only 
cannot save land from erosion, sealing and soil fatigue. Complex approach is required and 
fertilizers shall be used together with irrigation (Gaikalova, 2006; Shuravilin et al., 2007). Annual 
adding of 6-8 tons of manure per 1 ha of cultivated land shall stop soil degradation processes and 
start soil fertility recovery (Shchedrin, 2005). 

However, uncontrolled and excessive irrigation has certain risks of land degradation (Nikolaeva et 
al., 1995; Prikhod'ko et al., 1999; Prikhod'ko, 1994), particularly of secondary salinization, which in 
long term shall lower the yield and make soils unfit for agricultural use (Kalinichenko et al., 2012). 
In this regard, one should mind the used water quantity in agricultural production and make regular 
monitoring of soils acidity. So, scientifically based irrigation implementation and rational systematic 
exploitation may favour the moisture conservation in soil and higher land productivity, leading to 
increase of crop yields. 

3. Methods 
IMPACT-3 model is a deterministic model (Figure 2), where irrigation has a positive effect on 
output. The irrigated lands improve soil output. However, while interpreting projection results one 
should not consider the effect of irrigation separately, but in interaction with other production 
inputs. 

The major characteristics of the IMPACT-3 model are: 
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1) This is a dynamic model, i.e. it has a time parameter that reflects any processes occurring in the 
system over time. 

2) This is a simulation model since it is used for identifying prospective development pathways and 
for analyzing the sensitivity of the outcomes by varying some or all model parameters. 

3) This is a deterministic model since each input parameter set corresponds to well-defined and 
definitely determined output parameter set.  

IMPACT-3 model is an integrated structure and consists of several sub-modules. IMPACT-3 
enables to take into consideration temperature and precipitation impact, the effect of soil quality 
and composition plant, and consequently, on agricultural crops yield via the integrated DSSAT 
model (Jones et al., 2003). IMPACT-3 includes hydrological data on rivers, water reservoirs and 
water resources’ volumes in specific territories taking into consideration hydrologic cycle at the 
global level with the help of methodology by Zhu et al., (2012). Model’s general structure is 
provided in Figure 2. Its upper and side parts contain input indices: production, export, import, 
prices, calibrated elasticities, water volumes, water consumption by various crops and other 
indices characterizing various scenarios. The equations of the model can be observed in 
Rosegrant, 2012. 
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Figure 2. IMPACT-3 model structure 

 

Coming back to Figure 2, we shall mention that to estimate the climate changing impact we use 
GFDL, HadGEM, IPSL, MIROC climate scenarios based on general circulation climate model 
(GSM). Each scenario consists of a set of parameters and determines the precipitation amount 
and average temperatures for specific territories in the base year and thereafter during the whole 
forecasting period. Table 3 sums up module characteristics giving a clear indication of modules 
differences: some of them show temperatures relatively high ("+" sign), in others they are relatively 
low ("–" sign) etc. 
Table 3. Distinctive features for IMPACT-3 composite climate models 

Climate model Precipitation Temperature 

GFDL - - 

HadGEM - + 

IPSL + - 

MIROC + + 

 

The first two of the aforementioned climate scenarios (GFDL and HadGEM) are of the main 
interest for our analysis since they shall face  the decline of precipitation amount and, 
consequently a great necessity shall arise to use irrigation in order to preserve agricultural 
production. 

IMPACT-3 model is disaggregated taking into consideration river basins, in other words there are 
no common regions and federal districts. Since the majority of Russian agricultural industry is 
located exactly in the Volga River and Black Sea basins, we shall analyze these two regions. The 
Base Scenario assumes current irrigated areas preserving and rainfed areas slight decreasing, but 
crops yield in 2030 shall be changed depending on applying one or the other module (Tables 4 
and 5). 

 
Table 4. Agricultural crops yield in the Volga river basin in 2030 (Comparing GFDL and HadGEM climate 
scenarios)  

GFDL HadGEM 
HadGEM / GFDL 

Ratio 
 Crops Name 

  
Tons per 1 

hectare 
Tons per 1 

hectare % 

Barley 2.86 2.9 101.4 

Corn 6.68 6.03 90.3 

Rice 3.37 3.25 96.4 

Wheat 2.95 2.85 96.6 

Sugar Beet 42.13 41.17 97.7 

Vegetables 30.75 29.5 95.9 

Sunflower 2.1 2.11 100.5 

Potato 15.7 15.26 97.2 

Note: Authors’ estimations made in the Base Scenario 

Table 5. Agricultural crops yield in the Black sea basin in 2030 (Comparing GFDL and HadGEM climate 
scenarios) 

 Crops Name 

GFDL HadGEM HadGEM / GFDL 
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GFDL HadGEM Ratio 

  
Tons per 1 
hectare 

Tons per 1 
hectare % 

Barley 4.01 4.09 102.0 

Corn 6.66 6.04 90.7 

Rice 4.56 4.41 96.7 

Wheat 5.53 5.48 99.1 

Sugar Beet 52.24 52.24 100.0 

Vegetables 20.19 19.38 96.0 

Sunflower 2.12 2.13 100.5 

Potato 13.3 12.63 95.0 

Note: Authors’ estimations made in the Base Scenario 

The tables show that HadGEM is a drier scenario. We shall apply irrigation expanding conditions 
for this scenario, and analyse the changes throughout Russia. 

To make interconnections we shall use the Base Scenario and the Dry one focusing on possible 
drought risks. It enables to visually demonstrate any effect of expanding irrigated fields widening or 
the failure to expand irrigation. 

4. Results and Discussion 
The Base Scenario (base) assumes the preservation of the current irrigated areas and a slight 
decrease in rainfed areas. Scenario 1 (scen1), being the Irrigation Scenario, assumes irrigated 
lands expansion in the Black Sea and Volga River basins. According to our estimations, taking into 
consideration the implementation of Federal Target Program “Agricultural Lands Melioration 
Development in Russia for 2014-2020” by 2025 the irrigated areas shall be increased by 15%. 
Scenario 2 (scen2) being the Dry Scenario assumes the preservation of the current irrigated areas 
and yield declines by 15% due to climate changing. In all scenarios the rainfed arable land is 
declining, due to a world wide trend. 

The impacts of such changes were estimated in the Model up to 2025. During 2026 – 2030 we 
have not entered any areas increasing parameters but analysed only the changes being the 
consequences of climatic factors. Table 6 specifies that after 2025 irrigated areas shall still be 
increasing though we do not set such increasing exogenously. This effect due to the model’s 
responding to the production profitability on irrigated lands under drought conditions. In other 
words, reasonable economic behaviour in the context of climate warming involves increasing of 
irrigated areas. 
Table 6. Projections on irrigated fields and rainfed areas in Russia (in 2 main basins), thousand ha 

Volga 
River 
Basin 

Black Sea 
Basin 

Volga 
River 
Basin 

Black 
Sea 

Basin 

Volga 
River 
Basin 

Black Sea 
Basin Indices Names 

2015 2025 2030 

Rice 10 126 11 142 11.5 148 

Vegetables, irrigated 
areas 97 124 136 172 244 304 

Vegetables, rainfed 
areas 130 166 98 120 54 63 

Wheat, irrigated areas 331 522 470 734 841 1,301 
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Wheat, rainfed areas 4,960 6,071 3,893 4,590 2,263 2,535 

Total crops, irrigated 
areas 848 1,156 1,442 1,472 1,829 2,584 

Total crops, rainfed 
areas 12,291 15,225 10,297 12,568 6,088 7,431 

Note: estimation results subject to the Irrigation Scenario (sc1) 

In general, vegetables and wheat cultivation would be substantially increased on irrigated fields. 
Wheat share grown in irrigated fields would amount to 45% of the whole planted area in 2030. In 
2030, in the Volga River and Black Sea basins, there would be overall decreasing of rainfed 
planted areas under agricultural crops. It is due, firstly, to more frequent droughts and, secondly, to 
lower efficiency of rainfed farming as compared to irrigated farming under the same conditions. 

In this case, the model results point at higher sensitivity of wheat responses to favourable and 
unfavourable conditions as compared to vegetables. The effect of irrigated acreage expansion 
when growing rice is less evident since rice is grown only when fields are irrigated.  

The expanding of irrigated lands in main agricultural regions has its effect on whole Russia, as 
demonstrated below. Having high yields, irrigation increase promotes production development, and 
for consumers it results in much lower prices for agricultural products. When analyzing price 
indices we use constant prices of 2005 since that year is the base one for the model when 
estimating the three analysed crops.  

While interpreting the results some caveats need to be taken into account. IMPACT-3 model is 
based on harmonization and calibration of a great number of indices. This is why the program 
authors (IFPRI, USA) prefer to select data for a single year and run the model based on that data. 
At present IMPACT-3 is operating with the database of 2005 using the data for crops production, 
cropped lands, producer and consumer prices, import and export volumes, etc. The data for 
Russia correspond to the official data by the Federal State Statistics Service and Federal Customs 
Service. 

Owing to the fact that the base data in the model substantially differs from the official data, some of 
the received projection results may not always be consistent with absolute production levels over 
the years. In particular, forecasting production volumes for rice for 2030 in Russia have been 
actually achieved in 2012. We saw this when we compared the projections for different years with 
official statistics for the years that already passed. It must be noted that as from 2004-2005 rice 
cultivated areas in Russia increased for 10 years till 2014 almost by 50%, which IMPACT model 
couldn't predict in any scenario. However, these relative variations, in our opinion, provide a 
plausible view of the possible development trends for major agricultural crops and display both 
irrigation development in Russia and potential risks in the case of the Dry Scenario. The scenario 
results calculated for basins are summed up at the national level.  

The expansion of irrigated lands in the Black Sea and Volga River basins positively affects the rice 
production throughout the country. Figure 3 displays that even upon the irrigation program ending 
in 2025 in Scenario 1 (Irrigation scenario), the rice production is still increasing. This is due to the 
fact that rice is a warm-weather and water-demanding crop and rational irrigation enables to keep 
the effect over quite a long term. Investments made to cultivated areas before 2025 shall give their 
results so the producers shall ramp up production on the irrigated areas even after 2025 when 
there are no more investments. 



22nd International Sustainable Development Research Society Conference (ISDRS 2016), Vol. 1 
School of Science and Technology, Universidade Nova de Lisboa, Lisbon, Portugal, 13-15 July 2016 

 

671 
 

 
Figure 3. Rice production projections in Russia in thousand tons 

 

Since the Dry (Shocking) Scenario (scen2) initially assumes the reduction of rainfed areas and 
lower yields, it shall result in production declines that are demonstrated on Figure 3: there is a wide 
gap between production indices in the Irrigation and Dry Scenarios. In 2030 the Dry Scenario 
results in rice production being 2.5 times less than in case of Irrigation Scenario. 

 

Figure 4. Rice consumer prices in Russia in USD per ton (in constant 2010 prices) 

Rice consumer prices in the Dry Scenario shall be 5.4% more than in the Irrigation Scenario 
(Figure 4). This is due to the fact that the model has been calibrated with low price elasticity of 
supply, typical for rice. Thus, a sharp slump in production does not result in a proportionate growth 
of rice prices. 

However, Figure 4 makes it clear that rice consumer prices in Irrigation Scenario assuming 
production growth are lower than the rice prices in the Dry Scenario. It means that the model 
properly reacts to the given scenarios and complies with the demand properties, whereby increase 
in the supply quantity of goods leads to declines in their prices. 
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Figure 5. Wheat production projections in Russia in thousand tons 

We have received rather exceptional results for wheat (Figure 5). Production dynamics in the Base 
Scenario are higher than production indices in the Irrigation Scenario. That means that, production 
volumes in the first case are higher than in case of irrigated areas increase. Somehow in the case 
of wheat irrigation does not have such positive effect on country's aggregate production. 
Experience has proven that wheat yield greatly depends on the area with winter sowing and the 
quality  thereof that is not set in the model. This is of great practical consequence. 

The expansion of irrigated areas of wheat leads to a competition with rainfed farming. The model 
deals with the investments made to the irrigation farming being the motivation to grow wheat on 
irrigated fields. This is why rainfed farming becomes less profitable for farmers relative to irrigated 
production of wheat (we have included the scheme thereof in Section “Welfare Module” and as 
Figure 10). As a consequence of such transformations, rainfed wheat production would decline, 
and irrigated wheat production would grow. However, that leads to lower growth rates for the 
overall production of wheat in Russia in the Base Scenario as compared to the Irrigation one. 

As we have noticed in the situation with rice, the Dry Scenario decreases wheat production. 
However, after 2025 wheat production would be restored faster than rice production, and this is 
due to the fact that wheat better resists to draughts. But still in the Dry Scenario wheat production 
in twice lower than in the Irrigation scenario in 2030. 

 

 
Figure 6. Wheat consumer prices in Russia in USD per ton (in constant 2010 prices) 

Figure 6 reflects wheat price behaviour. Everything is consistent here: the Base Scenario offers the 
highest supply volume, so the prices are lower. In case of drought (scen2) the prices are 
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growing faster and are higher than in other scenarios. Thus, it is clear that in the Dry Scenario in 
2030 wheat prices are 5% higher than in the Irrigation Scenario and 12.7% higher than in the Base 
Scenario (Figure 6). 

 

 
Figure 7. Vegetables production projections in Russia in thousand tons. 

 

Figure 7 reflects the forecasts for vegetables production in Russia. High return is evident in the 
Irrigation Scenario resulting in production fast growing up to 2025. However, the growth is 
remarkably slowing down since the given programs for irrigation farming are ceasing. In other 
words, in case of vegetables there is no long-lasting constant effect from irrigated areas 
expansion. 

The Dry Scenario gives a negative effect, and after 2025 vegetable production is recovering 
slightly since vegetables in general are very moisture-loving and non-resistant to drought.  By 2030 
the Dry Scenario provides 3.5 times less vegetables production than the Irrigation one. 

 
Figure 8. Vegetables consumer prices in Russia in USD per ton (in constant 2010 prices). 

 

Vegetables price behaviour is similar to rice and wheat (Figure 8). In 2030 the prices for 
vegetables in the Dry Scenario are forecasted by 2.5% higher than in the Irrigation Scenario. But in 
the base scenario there is a bend of the curve after 2025, which reflects the priority of producers to 
decrease vegetable prices in order to fulfil the consumers necessity in nutrition. 

Thus, it is clear that in case of the Irrigation Scenario the gross output in 2030 may increase by 2 
or 3 times than under the conditions assumed by the Dry Scenario. In this case consumer 
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sector prices shall be lower by 5% reflecting the standard situation for agricultural markets having 
inelastic demand. In case production starts decreasing due to drought risks the prices shall be 
rising that reflects economic functions. 

Now we shall analyse the welfare module and draw conclusions as to how the used scenarios 
affected producers, consumers income and that of the whole society in Russia. 

In the course of Scenarios 1 and 2 welfare module has been used to estimate how investments 
into agriculture may affect the agriculture producers and consumers and the whole country’s 
welfare. Applying the welfare module, we may provide recommendations to government agencies 
being able to make more informed decisions considering advantages and disadvantages for 
various society groups.  

Welfare module includes conventional economic laws enabling to estimate the benefit from some 
or other investment projects both for producers and for consumers. As for demand side, consumer 
income is estimated in order to discover the changes in consumers surplus due to changing 
market conditions expressed in production and price behavior for agricultural products. Figuratively 
speaking, consumers surplus is shown lower than the demand curve and above the market price 
for each agricultural product kind. Thus, consumer surplus is estimated directly through the 
quantity of demand and prices (Figure 9). 

 

 
Figure 9. Consumer benefit scheme 

Producer surplus is a zone above the supply curve and under the equilibrium price. However, it 
may not be calculated directly so it is estimated as the difference of agricultural products sales and 
production costs, i.e. the area below the supply curve (Figure 10). 
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Figure 10. Producers benefit scheme 

The overall welfare of society consists of combining consumer and producer surpluses in all 
spheres of agricultural industry. Thus, consumer and producer surpluses change from one 
scenario to another.  

Taking into consideration the implementation parameters for Federal Target Program “Agricultural 
Lands Melioration Development in Russia for 2014-2020”, we assume 1 billion USD of investments 
into irrigation infrastructures in the studied area. The discount rate of 13% is used, corresponding 
to the currently prevailing rates. The estimation results indicate that the first scenario (that of 
irrigated areas expansion) is more profitable for agricultural producers since their profit increases 
by 11%, and consumer welfare due to consumer prices decrease also increases slightly by 0.4%. 
The agricultural producer welfare surplus doesn't influence the consumers welfare in the 
proportional way because, there are other factors affecting this in Russia such as long distance 
between the producers and consumers, which lead to high transport costs and also the oligopoly 
issues on the retail market. Thus, to have a full positive impact from irrigation development Russia 
has to improve the situation in other spheres of economy. 

5. Conclusions 
Expansion of irrigated agricultural lands in Russia may substantially affect the production volumes, 
but only slightly influence the country’s welfare. Irrigation enables not only to increase the yields 
and agricultural profitability, but in case applied correctly, encourages soil fertility improvements. 

With the help of IMPACT-3 partial equilibrium model we have estimated and analysed the Irrigation 
and Dry Scenarios of agricultural development in Russia up to 2030.  

The results demonstrate opportunities and challenges for the Russian agriculture. In case of the 
Irrigation scenario there will be shift in production from rainfed areas to irrigated areas. Under the 
Irrigation scenario gross output in 2030 may be higher by more than 2 times than under the Dry 
Scenario. In this case the consumer prices may decline by 5%. The Dry Scenario visually 
demonstrates global warming possible risks with wheat, rice and vegetables yields decreasing by a 
mean of 10% by 2030. 

Rice and vegetables are deemed more sensitive to irrigation than wheat. Thus, their production in 
the Irrigation scenario is higher than in the Base and Dry scenarios. Wheat is more drought-
resistant. Therefore, wheat production volumes in the Base Scenario exceed production volumes 
under the Irrigation scenario. It means that in the case of growing wheat on irrigated lands does 
not have an overall net positive impact on the total production volumes due to decreases in rainfed 
areas under wheat. 
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Abstract 
It is generally acknowledged that climate change will increase slope instability along coastal cliffs 
through sea-level rise and changes in wave conditions. However the interacting system at a local 
or site level may introduce considerable complexity in the response to the above mentioned 
constraints. A two phased methodology for a preliminary assessment of the risk associated to the 
occurrence of rock falls and landslides along coastal cliffs is proposed. In the first phase, work 
should encompass a surveying of potential risk areas resorting to desk studies as well as field 
campaigns directed to visual inspection of the geological, geotechnical geomorphological 
characteristics of the cliffs. This approach consists, therefore, of a semi-quantitative risk 
assessment that aims to produce a simple and rapid prioritization of the identified risks by applying 
a numerical categorization to the terms of the following equation allowing the determination of a 
preliminary “Risk Index” (RI): RI=(HPO*HM*PD)/RC; in which, HPO corresponds to the “Hazard 
probability of occurrence”; HM, to the “Hazard magnitude”; PD, to the “Potential damage”; and RC 
to the “Response capacity”. PD/RC corresponds to the vulnerability of the affected area. Each term 
of this equation is categorized in a 1 to 5 scale (low to high) which, according to the equation, 
generates the RI values corresponding to the preliminary risk index associated to the occurrence 
of mass movements. The matrix of the RI values for all possible outcomes varies between a 
minimum of 0.2 and a maximum of 125, yet these values are recalculated to a [0;1] interval in 
order to allow an easier understanding of their significance. The obtained matrix is then 
categorized in to five equal amplitude classes corresponding to non-significant, low, medium, high 
or very high slope instability risk. In the second phase of this methodology, resources should be 
centred on the most unfavourable cliffs by promoting a detailed assessment of the geomechanical 
behaviour of the outcropping rock masses, namely by joint properties characterization, Schmidt 
Hammer field trials and sampling for laboratory characterization. The collected data is used for 
slope stability kinematic analysis, resulting in a geomechanical zonation of the cliff faces. The “Risk 
Index” can then be re-evaluated and used in the implementation of an adequate monitoring and/or 
mitigation plan. The proposed methodology has been successfully applied to the SW coast of 
Portugal and is intended to help, along with other instruments for climate change impact 
evaluation, in shoreline management and cliff-top land use planning. 

Keywords: Risk assessment, climate change, coastal erosion, slope stability, rocky cliffs, Portugal 
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Abstract  
This article outlines a study being carried out in the Management Engineering Department of the 
Federal University of Pernambuco (UFPE). It focuses on the effects of global climate change on 
urban sustainable development and the subsequent need to raise the level of the resilience of 
cities in terms of their natural and constructed environments so as to reduce the risk of urban 
disasters. As a consequence of their population concentrations, cities are the locations where the 
occurrence of disasters often causes the most damage. Moreover, losses associated with natural 
disasters can have impacts which go beyond the economic dimension, and when the damages 
affect the social and environmental dimensions it becomes more difficult to measure them solely 
on a monetary basis. Therefore, it is important to include climate change issues in the planning 
and management of sustainable urban environments, especially since the forecasts point to a 
growing urbanization of the undeveloped world’s population. This paper presents a framework for 
analysing the resilience of the urban infrastructure to the potential impacts of climate change. It is 
based on Value-Focused Thinking (VFT) methodology, particularly with regard to five key elements 
that make up the urban infrastructure, namely: energy, sanitation, waste, transport and the set of 
buildings. By developing a framework to assist in decision-making, and basing it on seeking to 
ensure that the resources available are coherently implemented, this study contributes to 
improving sustainable urban development. To illustrate how to analyze this type of problem, the 
proposed framework was applied in the city of Recife, the capital of the Brazilian state of 
Pernambuco. The VFT methodology makes the decision-making process more consistent and 
effective since it generates alternatives which decrease vulnerability and augment urban resilience 
to the risks from disasters, thereby contributing to urban planning policy. A baseline study helped 
to deepen understanding of urban vulnerability in relation to resilience to the impacts of climate 
change. This was achieved by exploratory research through direct observation, which aimed to 
identify (in situ) and document aspects that corroborate any increase in vulnerabilities in the 
infrastructure of the city's neighborhoods. The data collected in the exploratory research were 
analyzed by experts in urban systems, amongst whom were members of UFPE research staff and 
highly experienced public and/or private sector professionals. These consultants also responded to 
a semi-structured questionnaire formulated to stimulate and create ideas, and thereby to generate 
alternatives. The relevance of this study lies in the possibility of applying it to any urban 
agglomeration which experiences problems related to extreme hydrological events. Although urban 
resilience is specific to the environments of each individual city, cities have enough characteristics 
in common to permit this methodology to be applied to any city.  
Keywords: climate change; sustainability; urban resilience; VFT methodology 
 

1. Introduction 
Climate change is a risk to people in all countries, though it is a particularly serious risk to the 
poorest countries because of the high-speed growth of their populations (UNEP, 2012). Therefore, 
several authors (Beatley, 2009; Cramer and Karabell, 2010; Friedman, 2008; Sachs, 2008) discuss 
the growth of the world’s population and its associated impacts, such as increased urbanization. 
They forecast that by the year 2050, 70% of the world’s population will live in urban environments. 
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Moreover, this increase will occur mainly in less-developed regions of the planet. 

According to the Brazilian Panel on Climate Change – PBMC – Brazil is likely to be at least 3°C 
warmer by the end of the 21st century and, furthermore, the precipitation index may increase by 
30% in some regions of Brazil and diminish by 40% in others (PBMC, 2013). The northeast region 
of Brazil, Pernambuco in particular, due to the irregularity in the distribution and the high 
interannual variability of rainfall, is notably vulnerable to the occurrence of extreme hydrological 
events, like drought and storms. Northeastern Brazil has an average cumulative rainfall which can 
vary from less than 500 mm/year to more than 2,000 mm/year, which makes the region vulnerable 
to floods in the rainiest years as was highlighted in 1964, 1967, 1974, 1985, 1986, 1988, 1989, 
1994, 2004, 2009 and 2010. (Lacerda et al., 2010, Nobre et al., 2013). 

The City of Recife (Figure 1) has an area of 210 km², which corresponds to only 0.2% of the 
territory of the State of Pernambuco. However, according to the latest population census, the 
city had 1,537.704 inhabitants (IBGE, 2015) spread over 94 districts and around four million people 
in its metropolitan area, the latter amounting to 45% of the population of the State of Pernambuco. 
As a result of the large volumes of surface water from heavy and/or prolonged rains, together with 
the erosion of hill-sides and embankments, the city is very often at risk of flooding. These risk 
factors are likely to increase with climate change (Priori Jr., 2013). 

 

Figure 1. View of the sea-front in Boa Viagem, Recife 

 

Source: Authors’ files 

It is important to stress that Recife’s infrastructure systems are highly vulnerable to disasters. 
However, these systems are of vital significance for emergency response and for the quick 
recovery of activity in the community and its economy (Procyk, 2010a; Procyk, 2010b; Yu, 2010). 
Therefore, the planning of sanitation, energy and transportation systems must be able to forecast 
potential failures. These can then be reduced by conducting redundancy planning and having 
back-up measures in place, thus diminishing the vulnerability of built structures in a way that is 

least harmful to society (World Bank, 2013).  
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Moreover, major urban infrastructure systems, such as electric power, transportation, in addition to 
being vulnerable, are also interdependent. Hence, city planners need to consider possible sources 
of multiple disasters, methods for detecting and correcting system failures, and the cascading 
interdependencies among these systems, as well as the many potential alternative procedures that 
could diminish failure risk within and across all systems (Chang et al., 2014).  

 

2. Impacts of Climate Change and Sustainable Development 
Sustainability cannot be seen only as a condition or state of the socio-ecological system on the 
planet Earth that ensures the continued existence of Homo sapiens on Earth. It must also be 
understood as Sustainable Development: the attempt of humans to continue to improve the 
welfare and quality of life for most people on the planet, thereby preventing the extinction of the 
human species - a result of humans’ inability to live within the limits of the planetary ecosystem or 
to adapt to its changing conditions (Du Plessis, 2009). 

Moreover, hundreds of millions of urban dwellers in middle-income countries are at risk of suffering 
direct and/or indirect impacts from climate change. As the number of people living in cities and 
towns has grown - more than half the world's population now lives in urban areas - the number of 
urban residents vulnerable to climate change has also increased (Bartlett et al., 2012), not just by 
the fact of urban areas containing more people but especially because the infrastructure needed to 
cope with large additional numbers of people has not kept pace with this growth and/or has been 
inappropriately sited and thus increased probability of the additional infrastructure being a further 
source of climate change or located in areas more likely to suffer severely from natural disasters.          

Urban areas have unique characteristics that make their residents active and particularly 
vulnerable to climate change. A large number of major urban centers are located along the coast 
or in low-lying areas around the estuaries of major rivers, thus putting economic capital and the 
population at greater risk to climate-related changes, including from rising sea levels and flooding 
resulting from severe rainfall. Furthermore, the construction of urban spaces on floodplains 
reduces the flow of waterways by reducing the river channels and accentuates the problem of how 
and where excess water can accumulate on floodplains. When not solved, this causes even worse 
damage (Gasper et al., 2011; Tingsanchali, 2012).  

Recent literature illustrates the socioeconomic challenges faced by cities around the world as a 
result of climate change (Beatley, 2009; Gasper et al., 2011). These include there being more 
power shortages, more damage to infrastructure, industries suffering greater losses because of 
excess heat, mortality rates increasing as is the spread of diseases, and there being a greater lack 
of food and water. These challenges are interrelated. Economic losses make it difficult for 
residents to maintain their livelihoods and may therefore exacerbate social problems such as 
abject poverty and hunger. At the same time, some demographic and socioeconomic 
characteristics of cities may make them more vulnerable to the impacts of climate change. 

Numerous weather events may be potentially related to global climate change (Baetley, 2009; 
Baker, 2012; Gasper, 2011; IPCC, 2012; Molion, 2012; Pilkey and Young, 2009; Ribeiro, 2008; 
Satterthwaite, 2007), but in this study, the authors only considered those that may occur in the 
coastal cities of the northeast of Brazil. These include the rise in temperature and in outbreaks of 
heavy rainfall, and the effects of these on the urban environment. 

The increase in the intensity and frequency of extreme hydrological events will more frequently 
expose urban areas to the risk of flooding caused by heavy and prolonged rains. Buildings, roads, 
infrastructure, and other impervious surfaces prevent rainwater from seeping into the soil, thus 
reducing natural drainage and increasing the flow of water, and overwhelming urban drainage 
systems (Satterthwaite, 2007). In addition to flooding, as the rain becomes more concentrated, the 
volume of water will gather more speed and thus more power to create channels and transport 
sediment, which will accelerate the erosion of hill-slides and slopes (Priori Jr., 2013). 

Hundreds of millions of urban dwellers in middle-income countries are at risk of suffering direct 
and/or indirect impacts from climate change. At the same time, several geographic and 
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socioeconomic characteristics of cities may make them more vulnerable to the impacts of climate 
change. (ARUP, 2011; Bartlett et al., 2012; Barbieri, 2011; Beatley, 2009; Gasper et al., 2011; 
Lomborg, 2007; Molion, 2012; Wilde and Coley, 2012). For example, the location of low-lying 
coastal cities, such as Recife, makes drainage difficult without pumping. Moreover, high tides 
and/or storms can hinder water draining into the sea and cause prolonged flooding, with floodwater 
sometimes being polluted. This can aggravate urban public health problems. The effects of climate 
change may well increase the occurrence and frequency of heavier rains, which can make when, 
where and how to cope with floods less predictable (Tingsanchali, 2012). 

Another consequence of climate change will be the increasing frequency of high intensity rainfall. 
The explanation for this is the high surface temperature of a metropolis, which increases global 
warming, due to large numbers of vehicles radiating the heat produced by their engines and also 
due to the cooling systems of buildings emitting warm air which exits from their interiors into the 
environment. As a result, masses of cold air rush are expulsed with more intensity at certain 
points, which results in intense local disturbances such: flooding of roads, severe traffic 
congestion, loss of housing for low-income people, damage to property and, in the severest of 
cases, deaths, especially but by no means limited to the very old and very young. Residents in 
areas that come to be seen as at risk usually have no alternative but to occupy the banks of rivers 
or steep hill-sides which end up slipping due to the soil becoming saturated with intense rainwater 
and/or run-off. 

Besides the flooding problem, another risk factor which is likely to become more severe as a result 
of climate change is the erosion of slopes and hill-sides. As the rains become more intense in 
some regions, the run-off will gain in velocity and power and thus gouge out both deeper and new 
channels. These will carry the resulting sediment downstream, which will cause and/or accelerate 
erosion. Erosion can endanger homes, or worse, amid a heavy downpour, wash away what is on 
the surface, including people and their homes. In addition, more intense erosion adds to the 
siltation of bodies of water, which increases the possibility of valley bottoms becoming flooded. 

3. The Resilience of Urban Infrastructure 
Resilience is “the ability of a system and its component parts to anticipate, absorb, accommodate, 
or recover from the effects of a potentially hazardous event in a timely and efficient manner, 
including through ensuring the preservation, restoration, or improvement of its essential basic 
structures and functions” (IPCC, 2012:34). 

Resilience is inversely related to vulnerability; that is, more resilience equals less vulnerability in 
communities which potentially are at risk from a disaster. Vulnerability is “the propensity or 
predisposition to be adversely affected”. This encompasses a variety of concepts and elements 
including sensitivity or susceptibility to harm and lack of capacity to cope and adapt”. Resilience is 
the capacity of systems to cope with a hazardous event or disturbance, and being able to 
reorganize them in ways that maintain their essential function and structure, while maintaining their 
capacity for adaptation and transformation (IPCC, 2014:5). 

So, resilience is shaped by vulnerability, which in turn incorporates the capacity to adapt (Adger 
and Vincent, 2005; Adger et al., 2005a; Adger et al., 2005b; Birkmann, 2006; Brooksa, 2005; 
Confort et al., 2012; Gallopín, 2006; Pelling, 2011; Smit and Wandel, 2006; Walker and Salt, 
2006). The term "resilience" can be applied to cities, as they must respond to crises and adapt to 
hazards. Cities require strong physical structures and a sturdy built environment (Newman et al., 
2009).  

Resilient cities are built to be strong and flexible rather than brittle and fragile (Godschalk, 2003). 
Infrastructural resilience sets up an inverse relationship. It reduces the vulnerability of a 
constructed environment, namely one composed of buildings and physical systems; for example, a 
city (which must provide mobility, energy, sanitation, etc.). This also relates to a city´s capacity to 
furnish shelter, to make roads available for evacuation, and for transporting supplies post-disaster 
(UNISDR, 2012; World Bank, 2012). 
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An important characteristic of resilient systems is that they can be flexible and adaptable in the 
event of disturbances, whether or not these are familiar (Figure 2) (Walker and Salt, 2006). 
Uncertainty requires preparation and additional redundancy in disaster planning. A resilient effort 
requires appropriate redundancy and flexibility so as to be able to continue to provide basic needs 
for outstanding risks and future uncertainties (Vale and Campanella, 2005). Thus, in the event of a 
disaster, it can respond appropriately to cascading failures and/or punctual failures. 

The complexity of urban infrastructure increases exponentially as the area expands in population 
and density. Moreover, the need for redundancy and flexibility increases with the size and 
complexity of an urban area. For example, when it increases in size, the available transportation 
system quickly reaches its saturation limit and is no longer able to meet the basic needs of the 
community.  

Figure 2. Characteristics of resilient urban systems 

 
Source: The authors 

The central problem of resiliency is that buildings and infrastructure cannot be adapted to being 
able to mitigate the impacts of disasters arising from reasonably predictable risks if the 
infrastructural systems are not there. Moreover, the risks to the inhabitants of poorer areas are 
very often aggravated by limited access to basic infrastructure and public services in the areas in 
which they live. Therefore, adapting the existing infrastructure and its systems to the probable risks 
of climate change is more likely to be successful only in prosperous and well-governed cities 
(Baker, 2012; PROVIA, 2013; Satterhwaite et al., 2007). 

4. The VFT Methodology 

This research study aims to identify and document aspects that correspond to increased urban 
vulnerability and compare them with the effects of climate change (Figure 3), particularly with 
regard to five of the key elements that make up urban infrastructure, namely: energy, sanitation, 
waste, transport and the set of buildings (Priori Jr., 2014). The data were analysed and discussed 
with experts in urban infrastructure systems. The results were structured according to Value-
Focused Thinking (VFT) methodology (Keeney, 1992), with the goal of generating alternatives for 
improving urban city systems and contribute to making the decision-making process more 
consistent. 

Figure 3. How the Research Study was developed 
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Source: The authors 

Through the VFT methodology, the information gleaned from experts in urban systems – university 
research staff and highly experienced public and private sector professionals – during interviews, 
were re-arranged so as to simplify, aggregate and quantify the alternatives in order to highlight 
their significance. The methodological objective was to seek solutions in a creative way and not be 
limited to alternatives that were already known, as the first alternative that comes to mind is often 
similar to those already used (Alencar et al., 2011). 

VFT has been applied in a wide range of contexts in order to identify decision-makers’ objectives, 
including in areas such as the military sector, mobile technology, tourist management, terrorists’ 
objectives, environmental aspects, and telecommunications management (Alencar et al., 2011;  
Hassan, 2004; Kajanus et al., 2004; Keeney, 2001; Keeney and McDaniels, 2001; Keeney and 
Winterfeldt, 2010; León, 1999; Merrick and Garcia, 2004; Merrick and Grabowski, 2014; Morais et 
al., 2013; Sheng et al., 2005; Yooa, 2001). 

The VFT method is based on values, which must be the driving force for this process because they 
are fundamental to everyday decisions (Keeney, 1996). Furthermore, the adoption of values 
improves the decision-making process. Three aspects characterize the objectives: 1) the decision 
context, 2) an object, and 3) a preference direction (de Almeida et al., 2015).  

To begin applying VFT methodology, it is important to provide a decision-making structure, which 
consists of the subject's context and fundamental objectives. The context of the problem defines 
the set of alternatives suitable for consideration in a specific situation, and the alternatives are the 
means by which the fundamental value is found. It is important to remember that the core of any 
decision is the desire to avoid adverse effects and bring about desirable ones (Keeney, 1992). 

Within the context of the issue under study, strategic decisions must be identified from the set of all 
possible alternatives. Thus, the fundamental objectives are explicitly values, and they define the 
class of consequences. Therefore, it is important to identify the structures, to analyse them, and to 
deeply understand them. Using this approach, experts in urban systems were interviewed on the 
subject under study. First, they answered a semi-structured questionnaire formulated to stimulate 
the creation of ideas. Next, they analysed each of the urban infrastructure systems in order to 
generate alternatives. 

5. Results and Discussion 
The VFT methodology begins by defining the strategic objective, then it identifies the fundamental 
and means objectives, and constructs a hierarchy of fundamental objectives and a network of 
means-ends objectives. This is intended to elucidate the relationships among all of the objectives 
(Morais et al., 2013). The main difference between a strategic objective and a fundamental 
objective is that a strategic objective can be influenced by factors outside this decision frame and a 
fundamental objective cannot (Merrick and Grabowski, 2014). 

GENERATE ALTERNATIVES 

Yes 

No 

 
VFT 
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A fundamental objective is not a means to an end, but it is the end objective for a specific decision 
frame. Therefore, the terms means ‘finality’ while a ‘strategy’ relates to an objective within a 
decision frame. However, a means objective for one scenario may be a fundamental one for 
another decision frame. Equally, an objective may be fundamental to one decision frame and 
strategic to another one.  

 

The first step was to define the strategic objective: “Alternatives for improving the urban 
infrastructure resilience to possible impacts from hydrological extreme events in the city of Recife”. 
After defining the strategic objective, the second step was to identify the fundamental objectives of 
the research. For this purpose, the urban infrastructure was broken down into five key urban 
systems: energy, sanitation, waste, transport and the set of buildings. These were analysed by 
evaluating their level of robustness, flexibility and redundancy, in the event of their suffering an 
extreme hydrological event. Thus, the fundamental objectives, which are designed to meet the 
strategic research problem, were defined to evaluate the elements of urban infrastructure by 
assessing the resilience capacity of their components (Table 1).  

Table 1.  Hierarchy of fundamental objectives 

Alternatives for improving urban infrastructure resilience to possible impacts from extreme 
hydrological events in the city of Recife (strategic objective). 
1. Analyse the robustness, flexibility and redundancy of the physical structure for power 
transmission and generation in the city of Recife in relation to: 
 1.1 The transmission capacity of electrical power systems 
 1.2 The gas-powered thermal power generation systems  
 1.3 The photovoltaic power generation systems 
2. Analyse the robustness, flexibility and redundancy of the structure of the sanitation systems 
in the city of Recife in relation to: 
 2.1 The distribution and treatment of potable water systems  
 2.2 The distribution and treatment of domestic sewage systems 
 2.3 The macro drainage systems 
 3.4 The micro drainage systems 
3. Analyse the robustness, flexibility and redundancy of the municipal waste management 
structure in the city of Recife in relation to: 
 3.1 The management of organic waste 
 3.2 The management of recyclable waste 
 3.3 The management of construction and demolition waste 
4. Analyse the robustness, flexibility and redundancy of the structure and capacity of the 
transport network in the city of Recife in relation to: 
 4.1 The transportation systems 
 4.2 The means of transport 
5. Analyse the robustness of the structure of the set of buildings and shelters available to 
house people in case of disaster in the city of Recife in relation to: 
 5.1 The physical structure of the buildings 
 5.2 The level of accommodation available 

 

Source: The authors 

 

It is important to distinguish between “fundamental objectives” and “means objectives”. 
Fundamental objectives concern the ends that decision-makers value in a specific decision 
context, while means objectives are the methods to achieve these ends. It is important to bear in 
mind that ends and means are context dependent. Means objectives can suggest alternatives that 
will achieve fundamental objectives. As a third step, the network of means-ends objectives was 
set, experts were interviewed, and methods through which the attributes should be achieved were 
determined (Figure 4).  
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Figure 4. Network of means-end objectives                                

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.1 Attributes of the fundamental objectives 

The achievement of a fundamental objective is measured in terms of an attribute. Therefore, the 
structure consisted of objectives and attributes that provided the decision-maker with a general 
idea of the problem situation, and thus permitted him/her to emphasize higher value alternatives 
(Keeney, 2007; Morais et al., 2013). 

Based on discussions with experts, the network of means-ends objectives was determined, and 
the attributes of the fundamental objectives were generated, as described in Table 2.  

 
Table 2. Attributes of the fundamental objectives 

Number Description 

1 ROBUSTNESS, FLEXIBILITY AND REDUNDANCY OF THE POWER 
GENERATION AND TRANSMISSION SYSTEM 

1.1 The electrical power systems 
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Source: The authors 

 

S
us

ta
in

ab
le

 u
rb

an
 p

la
nn

in
g 

an
d 

m
an

ag
em

en
t 



22nd International Sustainable Development Research Society Conference (ISDRS 2016), Vol. 1 
School of Science and Technology, Universidade Nova de Lisboa, Lisbon, Portugal, 13-15 July 2016 

 

689 
 

1.1.2 Percentage of households with electricity in subnormal agglomerates 

1.1.3 Percentage of the area of the city supplied by street lighting 

1.1.4 Percentage of the network that is underground 

1.1.5 Percentage of isolated electrical conductors  

1.1.6 Percentage of defaulted consumers 

1.2 The thermal power generation system that uses gas as fuel  

1.2.1 Percentage of households served by gas network 

1.2.2 Percentage of the network that is underground 

1.3 The photovoltaic power generation systems 

1.3.1 Percentage of properties generating electricity by photovoltaic panels 

1.3.2 Percentage of public lighting generated by photovoltaics 

2 ROBUSTNESS, FLEXIBILITY AND REDUNDANCY OF THE SANITATION 
SYSTEM STRUCTURE 

2.1 Distribution and treatment of potable water 

2.1.1 Percentage of population served by potable water 

2.1.3 Percentage of transmission losses in the pipelines 

2.2 Distribution and treatment of domestic sewage 

2.2.1 Percentage of households served by the sewage network 

2.2.2 Percentage of households that throw sewage directly into waterways 

2.2.3 Percentage of sewage treated 

2.2.4 Percentage of households with septic tanks 

2.2.5 Percentage of households with rudimentary drains and ditches 

2.3 Macro drainage system  

2.3.1 Percentage of the city area served by the macro drainage network 

2.3.2 Percentage of population living in areas subject to flooding 

2.3.3 Percentage of channels that are potentially navigable 

2.4 Micro drainage system 

2.4.1 Percentage of the city area covered by the micro drainage network 

2.4.2 Percentage of the city area suffering flooding 

3 ROBUSTNESS, FLEXIBILITY AND REDUNDANCY OF THE MUNICIPAL WASTE 
MANAGEMENT STRUCTURE 

3.1 The management of organic waste 

3.1.1 Percentage of households with regular garbage collection services 

3.1.2 Percentage of households with no accumulated garbage in nearby parks 

3.1.3 Percentage of households’ regular garbage that is sent to landfills 

3.2 The management of recyclable waste 

3.2.1 Percentage of the solid waste that is recycled 

 

3.3 The management of construction and demolition (C&D) waste 

3.3.1 Percentage of C&D waste that is recycled 



22nd International Sustainable Development Research Society Conference (ISDRS 2016), Vol. 1 
School of Science and Technology, Universidade Nova de Lisboa, Lisbon, Portugal, 13-15 July 2016 

 

690 
 

3.3.2 Percentage of C&D waste that is deposited at appropriate locations 

4 ROBUSTNESS, FLEXIBILITY AND REDUNDANCY OF THE SYSTEMS AND 
MEANS OF TRANSPORT 

4.1 The transportation systems 

4.1.1 Percentage of households located in paved streets 

4.1.2 Percentage of roads with exclusive lanes for buses 

4.1.3 Percentage of properties with sidewalks considered legally adequate  

4.1.4 Percentage of roads with bike lanes 

4.1.5 Percentage of waterways that are navigable 

4.1.6 Growth of the death rate from traffic accidents in the last decade 

4.2 The transportation means 

4.2.1 Percentage of the population that owns a car 

4.2.2 Percentage of population transport serviced by bus 

4.2.3 Percentage of bus fleet with accessibility for the disabled 

4.2.4 Percentage of bus fleet that can be electronically monitored by firefighters 

4.2.5 Percentage of buses in urban fleet 

4.2.6 Percentage of population that is served by the subway 

4.2.7 Percentage of the population that is served by Light Rail Transport (LRT) 

4.2.8 Percentage of Bus Rapid Transport (BRT) lanes in the urban network 

4.2.9 Percentage of population that has a motorcycle 

5 ROBUSTNESS OF THE BUILDINGS STRUCTURE AND REDUNDANCY OF THE 
SHELTERS AVAILABILITY TO HOUSE PEOPLE IN CASE OF DISASTER 

5.1 The physical structure of the buildings 

5.1.1 Percentage of buildings with resistant masonry on 3-4 floors and at potential high risk 
from collapse  

5.1.2 Percentage of buildings with masonry walls  

5.1.3 Percentage of inhabitants in subnormal agglomerates 

5.1.4 Percentage of buildings located in barrier fall risk sectors 

5.1.5 Percentage of risk sectors classified as being at a high and/or very high risk of 
collapse  

5.1.6 Percentage of risk sectors classified as being at a high and/or very high risk of 
flooding 

5.2 The level of accommodation available 

5.2.1 Percentage of residents in risk areas that can be housed in the case of extreme 
weather  

5.2.2 Percentage of residents in risk areas that can be sheltered in the case of extreme 
weather  

Source: The authors 

5.2 Creating Alternatives 

The VFT methodology was used to understand the problem and to induce creative thinking by 
stimulating the creation of alternatives as a starting point for understanding decision opportunities. 

Therefore, the following alternatives – to improve the infrastructure systems and the city’s 
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resilience to possible impacts from extreme hydrological events – were developed by exploring the 
objectives identified after applying VFT methodology (Table 3).  

 

 

 
Table 3. Alternatives to improve the infrastructure systems and the city’s resilience 

• ENERGY 
o Improve the physical structure of the street light poles. 
o Improve the security conditions of the power grid by isolating overhead cables and conductors, as 

well as underground pipe lines. 
o Create an incentive program for families in substandard clusters to standardize their connections to 

the power grid. 
o Improve monitoring with the objective of reducing the number of households connected irregularly to 

the network, which overloads the system. 
o Invest more in alternative energy sources that can be generated within the city, such as photovoltaic 

and thermal gas. 
• SANITATION 
o Promote the expansion of the water and sewer network to adapt it to the needs of the city's growing 

population. 
o Implement a regular maintenance program for the water networks, thus reducing water waste. 
o Investigate and repair the numerous points of leakage in sewer lines which pollute the streets.  
o Implement a maintenance plan for the regular cleaning of the urban drainage and street galleries. 
o Adapt the city’s canals so that they are navigable by public transportation and for evacuation 

purposes. 
• WASTE 
o Supervise and prohibit the disposal of industrial waste and domestic sewage in the rivers that run 

through the city. 
o Implement a plan for urban cleansing to deal with the amount of trash on public roads and 

sidewalks.  
o Prohibit the use of plastic bags for disposal of household waste on the sidewalks. 
o Implement a program to encourage the recycling of solid waste. 
o Encourage the reuse of demolition and construction waste.  
• TRANSPORT 
o Expand and diversify the transport systems to attend to the needs of the growing population.  
o Encourage the population to walk by implementing an urgent plan for the maintenance and 

restoration of the sidewalks. 
o Supervise and organize parking lots, not permitting vehicles to park everywhere, which will 

encourage the population to use public transportation. 
o Invest in partnerships with the private sector to expand the metro and to implement other mobility 

models such as BRT and LRT. 
o Apply charges for private cars that circulate in certain areas of the city, thereby encouraging the use 

of public transport. 
• BUILDINGS 
o Encourage, through the exemption of municipal taxes, the restoration and maintenance of buildings 

at risk of collapse. 
o Create a plan for restoring historic buildings, in partnership with the private sector. 
o Supervise the demolition of irregular buildings, which makes it difficult for civil defence forces to 

respond in emergency situations. 
o Update the municipal plan for land use and occupation. 
o Investigate and adjust to meet real needs the number and distribution of dwellings and shelters to 

accommodate at-risk populations. 

Source: The authors 

 

6. Conclusions  
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Sustainable development can be influenced by the impacts of climate change, which can increase 
the vulnerability of urban populations to disasters. Extreme hydrological phenomena, such as 
increases in heavy rain, and can expose Brazilian cities to situations of serious risk such as floods 
and landslides, which impacts urban infrastructure systems. This can leave their inhabitants 
vulnerable to disasters, which converge over three main areas: damage to urban settlements, 
failures in sanitation systems and electricity supply, and urban mobility. 

It was observed throughout the exploratory survey conducted in Recife that urban vulnerabilities 
include electrical poles and wires, urban drainage problems, losses from the water distribution 
network, lack of maintenance of the sewage collection network, and the irregular collection of 
municipal waste.  

The inadequate mobility of vehicles and pedestrians and the lack of maintenance of sidewalks are 
also important urban weaknesses. Irregular buildings occupying the roads were also found in all 
districts. Thus, it is possible to generalize the vulnerability of urban infrastructure systems for the 
entire city of Recife and say that the city is not prepared to face the impacts of potential climate 
change.  

When the experts' ideas, opinions, and proposals were being analysed, the VFT methodology was 
fundamental in structuring the problem and enabled the decision-making context to be better 
evaluated. Moreover, the VFT method enables concepts to be clarified and hidden objectives to be 
identified, thereby creating new problem-solving alternatives. As a result, attributes have been 
defined to measure the fundamental objectives. The decision opportunities and the aspects that 
served as input for the development of alternatives were also identified. 

Even though it was specifically applied to the infrastructure of the city of Recife, and the results are 
limited to the situation investigated, the methodology used here can be used to structure 
analogous problems in other cities. To analyse and structure other problems, the point of view 
already known should be set aside and all stakeholders must be involved in finding a solution for 
the problem being considered. 

Future studies should consider the application of MCDM (Multi-Criteria Decision Making) 
approaches as a way of selecting and prioritizing the relevant alternatives with regard to improving 
the resilience of the urban infrastructure to extreme hydrological events. The probabilistic context 
can be considered by applying MAUT (Multi-Attribute Utility Theory), taking into account the 
decision-maker’s preferences and considering different losses resulting from the consequences of 
each dimension under study. 
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Abstract 
The purpose of this study was to investigate High Scholl (HS) students’ perceptions of Climate 
Change (CC) and Global warming (GW). This work was conducted within Portuguese High Scholl 
students and the results in this context should have meaningful implications for national CC 
policies in the future as well as HS curricula adaptation to the students’ perceptions. Research was 
conducted at a high school in Central Portugal. The survey was applied to all the high school 
students from the 10th to the 12th grade, enrolled in the areas of Sciences and Technology, 
Languages and Humanities, Socio-economical Sciences and Professionalization. The data were 
collected through a self-completion questionnaire consisting of 29 closed-ended questions and two 
open questions aiming at characterizing students from the socio-demographic, and from their 
perceptions, beliefs, motivations, attitudes, knowledge relating to the topic of CC. Google Drive 
was used to host the questionnaire and allow for the online survey. Statistical exploratory 
univariate and bivariate analyses were performed on the data collected (frequencies, total and 
column percentages, adjusted residuals).  All statistical tests were two-tailed, with significance 
levels of 5%. Only statistically significant results were commented on the results section. Majority 
of students believed that CC was happening and also perceived that human activities were an 
important cause of CC. Still, the surveyed students hold some misconceptions about basic causes 
and consequences of climate change. Students’ gender influenced their perceptions of time scale 
of CC impact on both human and biotic communities. Most students state that their training had 
focused enough on the topic of CC and felt they had a moderate technical knowledge about the 
topic of CC (students’ knowledge of how their behaviour influenced CC followed a similar pattern). 
There was a large conviction that the main actions in mitigating CC effects should be taken by 
governments and regarding the perception of the importance of CC for their future professional 
carrier, 48 % considered that this topic was “moderately important” and 29 % considered it as “very 
important”. However as individuals, and globally, 74 % had not taken actions to mitigate CC (only 
26% of the respondents had taken some actions to mitigate the causes of CC). Further research is 
necessary so that curricula programs can be adequate to promote better knowledge and attitudes 
about climate change and an active engagement of future participative citizens, as part of the 
solution for climate change problems. 

 

Keywords: Climate change, High School students, Curriculum, Knowledge, Attitudes and 
behaviours 
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Abstract 
According to the Climate Change (CC) scenarios currently defined by the IPCC, the Mediterranean 
region is one of the potentially most affected by the increase in average annual temperature as 
well as changes in precipitation regimes. These changes are likely to lead to an increase in the 
frequency and intensity of extreme hydrological events, which may result in reduced water runoff 
and increased soil erosion. These factors are real risks to the availability and quality of water 
resources, evidencing the importance of implementing adaptation strategies to ensure the 
sustainability of the resource. The GestAqua.AdaPT project aims to develop and implement 
adaptation strategies to CC in the water sector, particularly for the management of multipurpose 
reservoir systems. The case study comprises two reservoirs - Monte Novo and Vigia - both used 
as urban supply and irrigation water sources in the central Alentejo region. The choice for these 
two systems is justified by its multipurpose feature, regional relevance (urban supply for the city of 
Évora) and current sustainability status already facing water scarcity issues. The methodology 
used in the project is based on the sequential application of a hydrological model and a 
hydrodynamic and water quality model, based on results from climate models. This modeling 
approach is used for the quantification of water availability and quality in the reservoirs for the 
period up to the year 2100. The project is still ongoing; thus far preliminary results from climate and 
hydrological modeling, evidence that there is an annual trend of increase on average temperature, 
a decrease in annual precipitation, as well as a decrease in water runoff to the basin.  
Implementing the described methodology will allow a detailed characterization of water 
hydrodynamics, availability and quality in face of CC scenarios, hence the definition of adaptation 
strategies for both reservoir watersheds, including procedures for reservoir operation and 
agricultural management. These comprise the definition and implementation of reservoir operation 
curve rules, assessment of structural solutions for the water transfer from other reservoirs and 
alternative agricultural practices focused on water resources sustainability. GestAqua.AdaPT is 
intended to provide a significant contribution to improve knowledge and water management 
routines, through a better understanding of the impacts of climate change on the quality and 
availability of water resources, with emphasis on the effects of extreme phenomena such as 
droughts and floods. The study area is also representative of multi-purpose water supply systems, 
thus the methods and obtained results may be transferred to similar systems, improving the 
development of adaptation strategies in the water sector in general. These factors establish valid 
contributions to a more sustainable use of water, through better planning and management of 
water resources in situations of scarcity, as well as the development of emergency response plans. 

Keywords: Climate change, adaptation, modelling, water management 
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1. Introduction 
According to the climate change scenarios predicted for the Mediterranean region, it is expected 
along the XXI century for temperatures to rise and precipitation to decrease (Giorgi, 2006). Even 
with the variability and uncertainty among the possible scenarios, this combination of impacts 
might increase climate aridity and water resources may decrease in availability (Nunes et al., 
2008), expanding the pressure over the existing resources, degrading water quality and possibly 
creating conflicts regarding its use (Alcamo, et al., 2003). These facts constitute effective risks to 
the availability, accessibility and quality of water resources, thus the importance of implementing 
adaptation measures for its management. 

Evaluating the impacts of climate change in available water resources is a complex task that 
requires an approach that foresees multiple aspects of the problem: climate change, 
socioeconomic aspects, hydrology, water balances and water uses. Water quality is an equally 
important matter since the increasing temporal variability of precipitation may lead to more erosion, 
solid material transport and a higher nutrient affluence to the waterbodies, potentiating its 
degradation. Temperature may as well have an important role regarding water quality, conditioning 
stratification periods in water bodies and determining the most favorable conditions for primary 
production, hence potentiate eutrophication in waterbodies. 

In this context, Xu and Singh (2004) propose the sequential use of climate and eco-hydrological 
models, resorting to climate downscaling techniques to adjust the scales between both modelling 
approaches. Nunes et al. (2013) and Grosso et al. (2014) integrate a water balance in these 
methods, adding a hydrodynamic and water quality model applied to reservoirs in order to estimate 
water availability for its multiple uses and evaluate its potential impacts in water quality. 

The impacts of climate change in availability and water resources management represent one of 
the most relevant challenges of present times, particularly in the south of Portugal, under 
Mediterranean climate and where water quality and quantity problems are already a reality. In this 
context, the ongoing project GestAqua.AdaPT is aimed at developing and implementing climate 
change adaptation strategies in the water resources sector, namely in the management of multi-
purpose reservoir systems. The study case, the reservoirs of Monte Novo and Vigia, in Alentejo, 
are both urban supply water sources for supply withdrawal the central Alentejo region, as well as 
water source for irrigation of agricultural areas with considerable regional importance. 

GestAqua.AdaPT is financed by the EEA Grants and the Portuguese Carbon Fund, and is build 
upon a partnership between Portuguese and Norwegian research institutions, as well as Águas de 
Portugal (AdP), one of the main water stakeholders in Portugal, thus including multiple aspects 
associated with water use and management in both reservoirs. The ongoing study also foresees 
an evaluation of the water transfers to the Monte Novo and Vigia system from the Alqueva 
reservoir, considering the quantitative and qualitative aspects of the transfer, as well as energy 
related issues. The adaptation strategies that are under development will include operation rule 
curves for each reservoir, adjusted according to estimated climate risks of the region, as well as to 
the total water needs and having in perspective sustainability of the available resource and 
optimization of the operation for the whole system. In the present paper, along with the 
methodologies adopted, partial project results obtained so far are also presented, namely in the 
evaluation of climate models and calibration of hydrological and water quality models for both 
reservoirs.  

2. Study Area 
The case study of GestAqua.AdaPT comprises the reservoirs of Monte Novo and Vigia, and its 
respective watersheds (Figure 1). These reservoirs are water sources for the municipalities of 
Évora, Reguengos de Monsaraz, Redondo and Mourão. Besides the water supply for human 
consumption, both reservoirs are also a source of water for irrigation in areas located both inside 
and outside of the drainage basins of both reservoirs.  
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Figure 1 – Study area: hydrographic basins of Monte Novo and Vigia. 

The Monte Novo reservoir was built in 1982 with the main goal to provide water to the city of 
Évora. The amount of collected water has been growing according to the increase of supplied 
number of households. Vigia’s reservoir dates from 1986, providing mostly water for irrigation but 
also for human consumption, although the latter in fewer amounts compared to Monte Novo. 

Both the reservoirs have significant water quality problems associated with advanced 
eutrophication processes (Ferreira et al., 2009; Diogo, 2012), which at times have been limiting the 
water uses, especially concerning human consumption. Nevertheless, the water treatment plants 
for both Vigia and Monte Novo have managed to respond adequately in most of the times, due to a 
careful operation and adequate control of the most problematic pollutants in waterbodies, like 
solids, phosphorous and nitrogen. 

In the more recent years the availability of water in the Monte Novo reservoir has been a concern, 
mostly with the increase of total water withdrawal. As a solution for the risk of water scarcity, a 
water transfer system was built to supply water from the Alqueva reservoir that proved to be 
essential to overcome the periods of extreme droughts that have taken place during the year 2012 
and in the final months of 2015. The Vigia reservoir also has a more recent transfer system from 
the Alqueva reservoir, in operation since 2015.  

The soil in both hydrographic basins is essentially occupied by agriculture, being reduced the 
number of point sources of pollution. Hence diffuse pollution is of great importance in the inflows to 
the two reservoirs, being the essential cause of most of the observed water quality problems in 
both waterbodies (Diogo, 2012).  

3. Methods 

3.1. General description 

The methods implemented in GestAqua.AdaPT have been defined with the objective of addressing 
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the specific problems of the two waterbodies, but also considering its suitability and reproducibility 
to other water systems. The main goal is to identify and determine adaptation measures for the 
management of the two reservoirs through a description of the risks associated with water uses 
and the definition of operation curve rules, in a way that ensures the sustainability of water 
resources. During the development of the project the water quality of both reservoirs will be 
monitored and, in a future phase, strategies for reduced irrigation needs will be evaluated facing 
climate change scenarios.  

The GestAqua.AdaPT methods are based in the sequential implementation of simulation models, 
having a starting point in a climate simulation obtained by the combination between global and 
regional climate models (GCM and RCM). After an analysis of the obtained climate simulation 
results for the period between 1971 and 2005 resorting to 10 conjugations of different climate 
models, the identified sets of simulations until 2100 to be considered in the project were chosen to 
implement the hydrological and water quality models. The results obtained from the hydrological 
model SWAT – Soil and Water Assessment Tool (Neitsch et al., 2005) were used to define the 
water balances in both reservoirs, which are afterwards used in the hydrodynamic and water 
quality modeling using the CE-Qual-W2 (Cole e Wells, 2015). 

3.2. Climate scenarios definition 

Defining climate scenarios involved a cooperative analysis for simulation results obtained through 
the program EURO-CORDEX (Jacob et al. 2014), which coordinates a large set of climate 
modelling groups to create a consistent simulation in European territory with a horizontal resolution 
up to 12 km. Climate simulations from the combination of global models (GCM) used to force 
different regional models (RCM) in the same horizontal grid. In this context, two IPCC global 
warming scenarios were considered: RCP 4.5 and RCP 8.5, integrated from a control simulation 
correspondent to the climate between 1971-2000. Climate simulation results consist of daily values 
for 9 points of a grid defined so that it is possible to categorize the whole study area.  

The obtained results were subjected to evaluation for the selection of the most adequate models, 
based on the analysis of rainfall and temperature for the entire control period, with daily 
description, comparing them to observed data in each basin. Considering that all results from 
climate simulation are asynchronous, this evaluation was made with aggregated values (30 years, 
decades or monthly mean values). 

3.3. Hydrological modelling 

The hydrological modelling component was defined to characterize future affluences do the 
reservoirs, not only quantitatively but also qualitatively. For that effect was implemented the model 
SWAT (Neitsch et al., 2005), an eco-hydrological model for river basins capable of simulating 
vegetable growth, water balances, soil loss and nutrient cycle responses to climate change, 
atmospheric CO2 concentration, farming practices and residual water discharges. SWAT is one of 
the most utilized models in the world and has been used to simulate the impacts on climate 
change in Portugal (Nunes et al., 2008, 2011; Nunes e Seixas, 2011, Nunes et al., 2012, Grosso et 
al., 2014). In this project it will be used to simulate surface runoff, nutrient affluences from diffuse 
sources, solids transport thus characterizing the affluences to both reservoirs.  

SWAT was implemented for both drainage basins according to reservoir branches configuration, 
allowing the discriminated calculations according to relevant sub-basins. This spatial conjugation is 
determinant for the integration of both models, granting the quantification of affluences to the 
waterbodies and respecting the correct hydrodynamics of the system. Results from simulations 
were obtained in a daily scale but analysis was performed on a monthly scale, being the latter 
more adequate for the study of long periods of time like the ones considered in the present study. 

Model calibration was made by comparing the obtained results from SWAT with reservoir inflows 
estimated from a reservoir water balance model as no gauging stations upstream of the 
waterbodies are available. The same goes for water quality data, and SWAT calibration was based 

on monthly nutrient loads estimates from water quality models and observed concentrations 
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in the waterbodies. SWAT results for nitrogen could not be effectively calibrated due to its complex 
cycle and potential atmospheric contribution, making reverse modeling ineffective. 

3.4. Hydrodynamic and water quality modelling 

For hydrodynamic and water quality simulation for Monte Novo and Vigia the model CE-Qual-W2 
(Cole & Wells, 2015) was used. It’s a bi-dimensional, laterally averaged model that is adequate to 
narrow and deep waterbodies where lateral variations aren’t so important. Its implementation is 
based on a conceptual representation of the system that works like a grid divided in longitudinal 
segments and vertical layers of variable size that can be managed to adapt to the necessary 
resolution. It is a very flexible model allowing the simulation of multiple types of hydraulic 
structures, withdrawals, outlets, inflows and outflows with different depths, locations and geometric 
characteristics.  

CE-Qual-W2 has the capability to determine water levels, vertical and horizontal velocities and 
temperature in the calculations of the system’s hydrodynamics due to its effect on water density 
(Cole e Wells, 2015). For each one of the reservoirs the conceptual representation was made to 
secure a correct hydrodynamic representation of reality, considering two branches in Monte Novo 
(rivers Degebe and Bencafete) and three branches in Vigia (Rivers Vale do Vasco, Casa Branca 
and Vale Figueira (Figure 2). 

(a)  (b)  

Figure 2 – Longitudinal segments for the bathymetric representation of Monte Novo (a) and Vigia (b) 
reservoirs. 

Model calibration for each reservoir was done for the period between 1994 and 2005, taking into 
account that for past years there wasn’t any data available regarding water quality. The entire data 
was gathered from SNIRH, from hydrometric and water quality stations for both reservoirs. 
Calibration was based on a monthly water balance, mostly because there isn’t data with better 
temporal resolution. The obtained water balance was used for calibration of monthly surface 
runoffs calculated by the model SWAT for the same period (1995-2005). 

4. Results and Discussion 

4.1. Climate scenarios 

The analysis of climate scenarios was based in the comparison between climate simulation results 
for 10 combinations of GCM and RCM models (Table 1). Results were gathered for the control 
scenarios of 1971-2000 and up until 2100, with daily data for the following variables: rainfall, mean 
temperature, maximum temperature, relative mean humidity and wind direction and speed. 

Facing the great variability of results for the considered climate variables and between the many 
considered series, it was decided to choose two sets of results that showed the best rainfall 
representation for the control period. This option must be kept in mind during the analysis of 
hydrological simulation results since temperature has influence in a vast array of variables like 
evapotranspiration.  
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Table 1 – Considered climate models from EUROI-CORDEX. 

 
 

It was considered that rainfall would be the main parameter to consider taking into account the 
objective of quantifying future water resources, having been chosen the models RCA4 - Swedish 
Meteorological and Hydrological Institute and RACMO22E - Koninklijk Nederlands Meteorologisch 
Instituut, both forced by GCM EC-Earth. 

 
Figure 3 – Mean monthly rainfall observed and simulated in the period of 1971-2000. 

For both chosen models there was an analysis to the climate anomalies of rainfall and 
temperature, comparing the control period of 1971 to 2000 with the scenarios RCP 4.5 and 8.5 

during the periods of 2011-2040, 2041-2070 and 2071-2100. Following the results, it’s 
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possible to admit that there’s an increase in average temperatures, more intense in RCP 8.5, 
especially in the end of the century (Annual average temperature: +2.27ºC 2041-2070; +3.95ºC 
2071-2100). Seasonally, in RCP 8.5, the increased temperature will be felt specially during the 
century’s final summers (Figure 4) and the model RACMO22E predicts a gradual temperature 
increase during summer and autumn while RCA4 is more abrupt with bigger oscillations.  

 
Figure 4 – Temperature’s anomaly (ºC) for the periods of 2011-2040; 2041-2070; 2071-2100. 

The annual rainfall’s decrease will be more noticeable in the end of the century, mostly in the 
scenario RCP 8.5 (-15.2% 2071-2100). Seasonally, there’s a tendency for a decrease in rainfall 
during spring months (April and May) and more severe precipitation during autumn (October, 
November and December) in the scenario RCP 8.5 (Figure 5). Summer period isn’t defined equally 
for both climate models and scenarios, verifying that rainfall registers ups and downs, respectively 
in RACMO22E and RCA4. There’s an increase in precipitation during summer in RCP 4.5 while in 
RCP 8.5 there’s a downfall during the final periods of 2041-2070 and 2071-2100. The climate 
scenarios will be the foundation for the hydrological simulation to develop in the project 
GestAqua.AdaPT. 

   

Figure 5 – Temperature’s anomaly (ºC) for the periods of 2011-2040; 2041-2070; 2071-2100. 

4.2. Hydrological modelling 

The implementation of the hydrological model SWAT is done with the objective of simulating the 
surface runoff affluent to the reservoirs and the quality of the solids transportation in the studied 
basins. The model was implemented for the comprehended period between 1973 and 2012 with 4 
years of pre-stabilization, using precipitation data from Azaruja and Santa Susana’s weather 
stations, and climate data from Mitra-Évora’s station. 

Parameterization strengthened the model and made the simulation more reliable, as it reduced the 
uncertainties induced by the used data and model. Was based in previous studies for the 
experimental Guadalupe’s drainage basin, mounted and studied by a partnership between 
Universidade de Aveiro and Universidade de Évora. As for the parameterization itself was given 
particular emphasis to farming practices and water consumption and availability. 

For the analyzed drainage basins there is neither flow nor nutrient monitoring. This way, SWAT’s 
performance evaluation along the calibration process was determined by a comparison between 
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the simulated flows in the model and the monthly water and nutrient balances done in Diogo 
(2012) for both reservoirs based on volume balances and water quality models. To determine 
SWAT’s performance, were used four different statistical indicators that permitted a qualitative and 
quantitative evaluation on the model’s performance (Table 2). 

Table 2 – Statistic performance indicators, adapted from Moriasi et al. (2007). 

Performance level R² NSE PBIAS % stream  PBIAS % Nutrients 

Very good 0.75< R²  ≤ 1.00 0.75 < NSE ≤ 1.00 PBIAS < ±10 PBIAS < ±25 

Good 0.65< R²  ≤ 0.75 0.65 < NSE  ≤ 0.75 ±10 ≤ PBIAS < ±15 ±25 ≤ PBIAS < ±40 

Satisfactory 0.65< R²  ≤ 0.75 0.65 < NSE ≤ 0.75 ±15 ≤ PBIAS < ±25 ±40 ≤ PBIAS < ±70 

Insatisfactory R²  ≤ 50 NSE ≤ 50 PBIAS ≥ ±25 PBIAS ≥ ±70 

Notes: NSE: Nash e Sutcliffe efficiency index; PBIAS: mean error (%); R²: determination coefficients. 

With this, in what refers to monthly average affluent flows, are present in Figure 6 the results 
obtained in Monte Novo and in Figure 7 the results in Vigia, both for the period of 1994 to 2005.  

 

 
Figure 6 – Monte Novo Inflows, simulated (Flow in SWAT) and from Diogo (2012) (Flow in estimado). 

 
Figure 7 – Inflows to Vigia, simulated (Flow in SWAT) and from Diogo (2012) (Flow in estimado). 

SWAT also allows the simulation of nutrient transportation. Considering the water problems in both 
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reservoirs, it is important to study the nutrients in the system, giving phosphorus a particular 
attention (Figure 8). 

 
Figure 8 – Total phosphorus inflow loads to Monte Novo, simulated (SWAT) and obtained from Diogo (2012) 

(estimated). 

4.3. Water quality modelling 

Water quality simulation is based in the obtained results of the hydrologic models. Until now in 
GestAqua.AdaPT, it was only proceeded to calibrate the hydrodynamic and water quality of CE-
Qual-W2 to Monte Novo, with Vigia still being under calibration. Hydrodynamic calibration was 
based on a water balance, based on stored volumes registered on SNIRH (Figure 9 and Figure 10) 
and in the water balances presented in Diogo (2012). 

  

Figure 9 – Stored volumes – Monte Novo Figure 10 – Stored volumes – Vigia 

As it can be seen in Figures 11 a 15, CE-Qual-W2 reproduces satisfactorily the vertical and 
temporal variations in water quality in Monte Novo.  

SWAT Estimated 
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Figure 11 – Vertical profiles of temperature, observed and simulated in Monte Novo 

 
Figure 12 – Vertical profiles of dissolved oxygen, observed and simulated in Monte Novo 

4.3. Reservoir water balance 

Based on the flow results obtained from the SWAT model for the period from 2010 to 2100, 
reservoir monthly water balances may be developed in order to obtain estimates for the 
performance of the water supply infrastructure. In order to do so some assumptions must be 
considered: constant withdrawal for irrigation and urban supply – according to present water 
needs, constant, urban supply is limited bellow water level 188 m (according to the characteristics 
of the withdrawal infrastructure), no water transfer from the Alqueva reservoir and no storage 
volume management is considered (withdrawal according only to water needs and infrastructure 
limitations). Results are presented in Figure 13 and Figure 14. 
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Figure 13 – Simulated water levels at Monte Novo (2010-2100) - RACMO RCP 4.5  

 

Figure 14 – Simulated water levels at Monte Novo (2010-2100) - RACMO RCP 8.5  

Presented results are in accordance with the expected quantity water related problems and RCP 8.5 tends to 
lead to more severe water scarcity until the decade 2040-2050. From this period on the two scenarios tend to 
have the same impacts on water availability (Figure 15). 

 

Figure 15 – Periods (% of total months) when water level at Monte Novo is insufficient for urban water supply 
– RACMO, with RCP 4.5 and 8.5. 

 

5. Conclusions 
The project GestAqua.AdaPT was outlined with the perspective of studying water use sustainability 
in a Mediterranean region for which significant impacts from climate change are likely to occur. In 
fact, taking aside the great variability of the results obtained from different climate models 
combination, obtained results denote a tendency in temperature increase and a reduction in 
precipitation with amplitudes that depend on the considered models.  

The ongoing project considers the sequential use of mathematical simulation models that are able 
to provide information for the definition of adaptation strategies in the operation of multiple use 
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reservoirs. The two case studies - the reservoirs of Monte Novo and Vigia – are examples of water 
use for human consumption and irrigation for agriculture, located in the hydrographic basin of the 
river Degebe, the largest affluent in Portugal to the Alqueva reservoir. Nowadays there are 
significant water quality issues in this region, resulting largely from the accumulation of phosphor in 
the waterbodies through diffuse origin affluences, from agricultural activities in the drainage basin. 
Furthermore in the Monte Novo reservoir the risk of resource insufficiency is recurrent and more 
recently mainly originated from the high water demand for agriculture. 

According to the climate scenarios that have been analyzed, the risk of sustainability of water 
resources tends to increase due to the expected climate change in the region. This makes the 
adaptation measures to be defined in the project effectively relevant in the management of both 
reservoirs, either through a reduction in water needs or through a reduction in nutrient inflow to the 
waterbodies. The results that will be obtained in the project shall include the definition of operation 
rule curves for both reservoirs, taking into account the quantitative and qualitative aspects of both 
waterbodies and include the operation of transfers from the Alqueva reservoir. 

According to the analysis of the results obtained for climate simulation there is a tendency for the 
temperature to increase, as well as decreased precipitation and changes in the precipitation intra-
annual distribution patterns. The suitability of SWAT to quantify surface runoff was confirmed, 
taking in account the results of the model calibration in both reservoirs. In the case hydrodynamic 
and water quality modeling using CE-Qual-W2, it’s equally established its suitability to the Monte 
Novo reservoir, being possible to replicate the water quality patterns observed in this waterbody. In 
the case of Vigia, the model is still being calibrated. 

Among the innovative aspects of the project it’s important to mention the sequential use of 
mathematical simulation models for an integrated analysis of the hydrologic cycle, namely the 
models SWAT and CE-Qual-W2. In fact, the complementarity between both models allows the 
appropriate simulation of the entire basin, allowing a quantification of surface runoff, solids 
transportation, as well as the assessment of impacts in land use with a conceptual description and 
spatial resolution suited to the study of effective operation and management measures for the 
resources. Benefiting from this potential and associating the application of these models to climate 
change scenarios, the evaluation of the impacts to land use or the adoption of more sustainable 
farming practices is a determinant result to define management strategies, minimize risks and 
adaption strategies to the potential climate change. 

The results obtained in this project have the potential to be replicated to other hydric systems with 
clear benefits to multiple purpose waterbodies, which can also include energy production and 
water transfer issues. This reproducibility of methodologies and results, along with the definition 
and implementation of climate adaptation measures, support one of the central objectives of the 
ADAPT program, financed by EEA Grants and Fundo de Carbono, in which GestAqua.AdaPT is 
inserted. The project shall be concluded in October 2016. 
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How does adaptation project work in practice? Lessons learnt from 
flood risk reduction pilot projects in the Lower Mekong region 
Linh Nguyen  
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Abstract 

The Lower Mekong Basin has been identified as one of the most severely affected region by global 
climate change. Within the framework of the German Federal Ministry of Environment’s 
“Adaptation to Climate Change through Climate Sensitive Flood Management in the Lower 
Mekong Basin”, GIZ supported the Flood Management and Mitigation Programme of the Mekong 
River Commission Secretariat to tackle two major challenges of climate change and flooding. A 
core component of this support is the development and implementation of four climate sensitive 
flood risk reduction pilot projects. The overall goal was to increase community resilience through 
the implementation of climate sensitive flood risk reduction measures in particularly vulnerable 
areas. The four commune-level adaptation pilots selected are the flood prone areas of (i) 
Khammouane province in Laos, (ii) Takeo province in Cambodia, (iii) Dong Thap Province in the 
Mekong delta of Vietnam and (iv) Chiang Rai Province in Mae Kok River Basin of Thailand. The 
pilot projects were completed in 2016 and required conducting vulnerability assessments (both 
social and physical/economic) and implementation of selected measures. An innovative 
methodology was adopted for the vulnerability assessment in that it integrated social and 
economic vulnerabilities to formulate, prioritize and cost justify the selected adaptation measures. 
The social vulnerability adopted GIZ’s Vulnerability Sourcebook and a risk matrix methodology to 
analyze the results of community consultations and household surveys. The presentation 
contributes a number of important results and lessons learnt from the implementation of these 
pilots: (i) the need to better integrate social and economic vulnerability assessments (ii) the need to 
tailor internationally acknowledged tools and guidelines in their application at the local/commune 
level (iii) the need to understand the complexities of addressing governance mechanisms that 
involve multi stakeholders across the different sectors and administrative structures of the four 
countries (iv) the need to develop appropriate mechanisms through which these pilots can inform 
strategic planning at higher levels and (v) how to assess and maintain the effectiveness of the 
implemented adaptation strategies and initiatives on community’s resilience, life and wellbeing.  

Keywords: flood risk reduction, pilot project, vulnerability assessment 
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Abstract 
Many researchers have identified potential synergies between sustainable development (SD), 
disaster risk reduction (DRR), and community-based adaptation (CBA).  Indeed, progress toward 
the post-2015 Sustainable Development Goals will require comprehensive integration of climate 
change adaptation and disaster risk reduction into policies and programs that seek to encourage 
sustainable development.  However, where adaptation efforts ignore the historical institutional and 
cultural dimensions of resource access and management, adaptation could be fundamentally at 
odds with core notions of sustainable development and even threaten progress toward poverty 
alleviation.  Recent experiences with community-based adaptation (CBA) to climate change have 
emphasized the importance of integrating local and external specialist knowledge in the 
identification of priorities for adaptation.  Furthermore, such research has highlighted the 
importance of the historical institutional contexts in which local knowledge systems have evolved.  
This research examines linkages between the evolution of local institutional frameworks and water 
resource management through a case study based in the North Pare Mountains, Tanzania.  Field 
research was undertaken to bring together external and local climate knowledge as a means of 
exploring prospects for future adaptation, in this case related specifically to the management of 
small-scale “traditional” water resources.  The paper begins by highlighting questions about 
community-based adaptation as they relate to the role of local knowledge and local institutions in 
water resources management in Tanzania.  We situate these questions within the North Pare 
Mountains, an intensively cultivated landscape where communities perceive declining availability of 
water from local springs and reservoirs due to changing climate variability and local land use 
practices.  Our case study draws on community mapping and assessment of small-scale water 
resources to examine the potential contribution of CBA in light of institutional challenges at the 
local level.  We argue that the institutional dimensions of adaptation are multifaceted and attention 
to their historical evolution is important to assessing their role in future community-level initiatives.  
We conclude that this and other place-based assessments have the potential to be “scaled up” by 
informing regional climate change adaptation programs and locally-generated initiatives in similar 
communities across the Kilimanjaro region.   
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Abstract 
Urban flooding is an old and recurrent phenomenon that every year disturbs our cities, in some 
cases severely. On the other hand, climate change research, while evidencing that floods may 
become more frequent and intense, alerts for the fact that urban territories cannot continue the 
path of “business as usual”. These two subject-matters, widely present within scientific discourse, 
prompt the emerging need for governing agencies to actively discuss and employ adaptation 
strategies and measures. This paper presents as its primer premise that the design of future public 
spaces will be determinant for the adaptation of urban territories in face of unprecedented flooding 
events. At the same time that public spaces are particularly exposed to climatic hazards, their 
design may significantly contribute to the reduction of society’s vulnerabilities. In light of this 
argument, this paper identifies and characterizes wide range of flood adaptation measures 
applicable in the design of urban public spaces. The presented research is primarily based on the 
literature review of previously conducted studies. As a result of the state of the art analysis it was 
possible to initiate the process of identification, classification and characterization of the adaptation 
measures specifically targeted to the scope of this research.  Since every situation is dependent on 
context specificities, the exposed typification is not intended to offer ultimate design resolutions. 
Instead, it strives to assist anyone involved in the initial brainstorming phases of a public space 
project concerned with flood adaptation. Ultimately, it intends to be a practice-oriented contribution 
to the local scale adaptation agenda. 

Keywords: Adaptation, Flood Risk Management, Public Space 

1. Introduction 
Surpassing the question that cities are particularly vulnerable to climate change when compared to 
other territories (Ruddell et al. 2012); within the city, its public spaces and public life deserve a 
particular emphasis, notably for two reasons: firstly, it’s exposure to climatic hazards, and 
secondly, its essence of common space of social exchange. Unlike interior spaces, outdoor spaces 
directly suffer from the impacts caused by extreme meteorology such as wind currents, sun 
exposure or flood waters. Considering exterior public spaces as a "collective good of the 
community” (Brandão 2011, p.34), social activities and serene responses to climatic stimuli are 
particularly threatened. On the other hand, public spaces, or ‘the life between buildings’ as Jan 
Gehl eloquently states (Gehl 1987), are considered by many as “the space that is the founder of 
the urban form” (Brandão 2011, p.34). At the same time, urban studies specialists inarguably 
indicate that the quality of urban life is strongly dependent on the quality of urban design (Among 
others: Jacobs 1992[1961], Carmona et al. 2010, Whyte 1980). 

When considering the opportunities that loom within its particular characteristics, public space finds 
a niche of potentiality for climate change tackling. Adjacently, and although it is within public 
spaces that vulnerability can have significant connotations upon its enclosed functions, safety, and 
activity; these features are those that also present prospects to diminish impending future risks.  
Findings from Ruddell et al. indicate that “It is critical to ground support for climate adaptation and 
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mitigation initiatives within local contexts of shared experiences” (2012). The authors furthermore 
draw to the attention that local action has the advantage of relying less on “justifications from 
atmospheric science” (Ruddell et al. 2012, p.601) and its associated greater uncertainties. 
Although scientific knowledge will always be fundamental, in public spaces, where hazards are 
tangible to a community, bottom-up approaches find its vocation through adaptation and 
awareness actions.  

2. Methods 
With different purposes and different priorities, several research undertakings have enumerated 
and organized different types of flood adaptation measures. Acknowledging ‘learning’ as a major 
component of adaptation processes, a state of state of the art overview on previously developed 
research was developed. More specifically, nineteen (19) references were analysed with the goal 
to highlight flood adaptation measures specifically applicable in the design of urban public spaces, 
namely four from research centres, ten R&D projects, and five books/reports. 

For each analysed reference a particular synthetization and systematization process was 
developed. This process followed a specific criteria that included: 1) the highlighting of flood 
adaptation measures that 2) can be applicable in the design of public spaces and 3) are relevant in 
urban contexts. Of these measures, 4) only operational measures were selected, that is, measures 
that include technical design. This last criteria specifically aims to distinguish approaches that use 
design as a tool to face potential vulnerabilities, namely the ones associated to the projected 
increase of flood hazards, from those that are more strategic, institutional, regulatory or political, 
such as forecasting, warning, information, evacuation, aid services, building codes or shared risk 
and compensations. 

The selection criteria was further bounded by the need to have information available in English, 
Spanish, or Portuguese. As the particular area of climate change adaptation is very vast and 
contains continuing developments and findings, adaptation to urban flooding will continue to be 
included in the development of new relevant studies. Nonetheless, within the scope of this 
research, the corresponding findings started to provide redundant results.   

Although not evidenced in this paper, in parallel with the classification process based on external 
research findings, a portfolio screening was developed. This database of real-case examples was 
specifically targeted at confronting the initial conceptual classification in order to assess and 
validate the identified types of measures. It further served to deduce and propose additional types 
of measures that were not considered in the primary.  

3. Results 

3.1 Research programmes 
Among the analysed research programmes are: 1) ‘Adaptation Planning, Research and Practice’ 
(WeAdapt) from the Stockholm Environment Institute (SEI), 2) ‘United Kingdom’s Climate Impacts 
Programme’ (UKCIP) from the Environmental Change Institute (ECI) at the University of Oxford, 3) 
‘Climate Adaptation Knowledge Exchange’ (CAKE) created by the American NGO EcoAdapt and 
Island Press, and 4) the ‘European Climate Adaptation Platform’ (Climate-ADAPT) from the 
European Commission and European Environmental Agency (EEA).  

All these mentioned investigation programmes have in common a ‘general’ adaptation scope, that 
is, they cover a variety of topics pertaining to climate adaptation and not solely flood adaptation, 
namely health, finance or biodiversity. As such, only some deliverables from each identified 
research study were analysed. They further entail the constituent goal to provide and share 
information through online databases of case studies, reports or articles. Another common 
characteristic is their aim to promote the exchange of experiences between practitioners, 
researchers and decision makers from all evolved disciplines, through online sharing platforms.  
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WeADAPT is an online webpage dedicated to facilitate “learning, exchange, collaboration and 
knowledge integration” (weADAPT 2011) or a professional community of practice on adaptation 
issues. It's a collaborative and distributed network of many contributing organisations and 
individuals but its technological development is led by the Oxford Office of the Stockholm 
Environment Institute with input on strategic direction provided by all partners. WeADAPT began 
originally as wikiADAPT in 2005.  Their outputs, which can be specifically related to the 
identification of adaptation measures to urban flooding, include articles, case studies and the 
Google Earth ‘Adaptation Layer’ interface. 

UKCIP research essentially provides tools and information to help organisations to consider 
climate risks and to plan to adapt. In their own words, the programme “coordinates and influences 
research into adapting to climate change, and shares the outputs in ways that are useful to 
stakeholders” (UKCIP 2012). In the scope of this research, the most relevant deliverables from this 
programme include the ‘adaptation case studies database’ and the AdOpt report (Identifying 
adaptation options).  

CAKE is an online sharing platform and database focused on the management of natural and built 
systems in the face of climate change. It further aims to build a community of innovative practice 
(CAKE 2010). Among others, it provides a series of case studies and a virtual library.   

Climate-ADAPT is a European Commission initiative that helps decision makers to access and 
share information on:  expected climate change in Europe, current and future vulnerability of 
regions and sectors, national and transnational adaptation strategies, adaptation case studies and 
potential adaptation options, and tools that support adaptation planning (Climate-ADAPT 2012). 
The unlimited information provided in the online sharing platform is expected to be periodically 
updated through the years. Among the knowledge generated, compiled and shared through this 
programme, the most significant to the conducted research are the ‘Adaptation options database’ 
and the ‘Case study search tool’.  

3.2 R&D projects 
The studied R&D projects can be divided in those which approached adaptation measures 
generally, i.e. covering more than just flood adaptation, from those that are specifically focused on 
water management and those specifically focused on flood management.  

The analysed R&D projects which encompassed a general scope are: 5) the Dutch national project 
‘Climate 'changes' Spatial Planning programme’ / ‘Klimaat voor Ruimte’ (CcSP/KvR); 6) the 
European project ‘Adaptation and Mitigation - an Integrated Climate Policy Approach’ (AMICA); 7) 
the European programme ‘ADaptation And Mitigation Strategies: supporting European climate 
policy’ (ADAM); 8) the European project ‘Green and Blue Space Adaptation for Urban Areas and 
Eco Towns’ (GRaBS); 9) and the German national project ‘The Climate Impacts: Global and 
Regional Adaptation Support Platform’ (ci:grasp).  

The studied R&D projects which specifically covered water management adaptation measures are: 
10) the European project ‘European Spatial Planning: Adapting to Climate Events’ (ESPACE); 11) 
the Belgian project ‘Towards an integrated decision tool for adaptation measures. Case study: 
floods’ (ADAPT); 12) the European programme ‘Managing Water for the City of the Future’ 
(SWITCH); and 13) the European project ‘Climate Adaptation – modelling water scenarios and 
sectoral impacts’ (ClimWatAdapt). Finally, the scrutinized R&D project that is particularly focused 
on flood adaptation is the 14) ‘Foresight project on Flood and Coastal Defence’ (Foresight 
projects), managed by the United Kingdom.  

 

The Dutch national project ‘Climate 'changes' Spatial Planning programme’ had as its primer goal 
the introduction of climate change and climate variability as one of the guiding principles for spatial 
planning in the Netherlands. Moreover it envisioned the generation of international alliances that 
would provide a competitive knowledge base that would support practice in the face of climate 

change (CcSP 2004). Their agenda was specifically centred in five main themes (climate 
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scenarios, mitigation, adaptation, integration and communication) and in a wide range of sectorial 
areas, namely coastal areas and water. Among the used deliverables from this project are: Final 
report COM11: “Deltas on the move” and Report A11 – “Routeplanner 2010 – 2050”. 

The AMICA project is a European project that aims to help local and regional entities to adopt a 
comprehensive approach to climate change.  It is their objective to motivate local governments to 
include climate protection and adaptation in their planning practices. In order to fulfil their 
objectives, AMICA developed three central online tools: the adaptation tool, the mitigation tool and 
the integration tool. In the scope of this research, the adaptation tool is the most relevant. Its main 
components correspond to a matrix of adaptation measures and a list of evaluated practice 
examples. The matrix of adaptation measures explores various possibilities of adapting to climate 
variability and climate change on the local and provincial scales. The matrix has more than 40 
adaptation measures, organized in four impact types and nine categories of measure (AMICA 
2006). A detailed description of the measure is also available in this online tool.  

ADAM programme essentially aims at a better understanding of the synergies, trade-offs and 
conflicts that exist between adaptation and mitigation policies at multiple scales. Amongst the 
project’s objectives is the goal to create a “Digital Compendium” that can contribute to the 
emerging knowledge on adaptation. This virtual manual organizes results from four types of 
analysis: Workshops and interviews; meta-analysis of climate change impact, vulnerability and 
adaptation case studies, adaptation catalogue and risk analysis (ADAM 2009). Focusing on the 
“adaptation catalogue” output, an examination of adaptation measures across the EU was 
undertook, paying particular attention to pioneering measures and institutions that either manage, 
reduce, or transfer the risks associated with extreme events. In summary, the catalogue acts as an 
inventory of options, differentiating between alternatives according to the form of adaptation 
(institutional structures and processes, planning and management practice, financial / legal, or 
technological), hazard, landscape type (urban, rural, coastal), economic sector, geographical 
region, responsible actor (highlighting whether public or private), and the scale of implementation 
(e.g. adapting to heat waves can involve action at the city, neighbourhood or individual building 
level; flood risk management can operate from the level of the catchment down to individual 
responses). A brief characterization is further provided for each measure, namely by comprising 
the answers to the questions of “what”, “why”, “how and who”, “implications” and “resources”. 

GRaBS project encompasses a consortium of 14 project partners, drawn from 8 EU Member 
States and is specifically targeted to the adaptation to climate change through the use of green 
and blue infrastructure. Among others, results are presented in the form of an online database and 
in the form of an adaptation action planning toolkit (GRaBS 2008). 

Ci:grasp project consists on a climate information service that aims to provide state of the art 
knowledge on projected climate stimuli, climate impacts and adaptation options. Research is 
targeted at national, sub-national and regional scales. The particular goal to supply information on 
adaptation options is based on the analysis of adaptation projects, targeted at specific impacts 
(ci:grasp 2008).  

The main goal of the ESPACE project consisted on influencing the “philosophy and practice of 
spatial planning by recommending how adaptation to climate change can be incorporated into 
spatial planning policies, processes and practices” (ESPACE 2007). Among their research 
findings, the most relevant in the scope of this research, i.e. the most relevant for the identification 
of different types of flood adaptation measures, is the “SERRA toolkit”. One of its purposes is to 
serve as a guidance document on delivering climate change adapted development through 
planning at the local level. It was designed for planning professionals and developers, assisting 
them in the integration of water management and climate change adaptation issues into all stages 
of the planning and development processes. It further adds information on ten “Good Practice 
Case Studies” on water management adaptation options.  

The ADAPT project is composed of two parts. The first part consists on a general introductory 
research on available knowledge about climate change while in the second part the determining 
and assessment of possible adaptation measures (ADAPT 2005). Among used deliverables from 

this research project is its final report from phase 1 (Hecq(coord.) et al. 2008). 



22nd International Sustainable Development Research Society Conference (ISDRS 2016), Vol. 1 
School of Science and Technology, Universidade Nova de Lisboa, Lisbon, Portugal, 13-15 July 2016 

 

717 
 

SWITCH research project essentially aims to change the paradigm of urban water management 
“from existing ad hoc solutions to a more coherent and integrated approach” (SWITCH 2006). Two 
particularly interesting deliverables of SWITCH are: 1) the manual “Water Sensitive Urban Design. 
Principles and Inspiration for Sustainable Stormwater Management in the City of the Future” 
(Jacqueline Hoyer et al. 2011) and the “Handbook Adapting urban water systems to climate 
change” (Loftus 2011). Both research outputs explore possible innovations on sustainable 
stormwater management, elucidating how they can be applied in cities while at the same time 
taking advantage of the opportunities to use it for the improvement of the cities’ urban experience. 
Examples of specific measures are further contrasted with the analysis of corresponding case 
studies.  

Outputs from the ClimWatAdapt research project include tools which can help improve the 
knowledge base on adaptation measures, facilitating the exchange of adaptation best practice 
between countries and regions (ClimWatAdapt 2010), namely the “inventory of measures” 
database that is particularly relevant in this conducted analysis. In this database, measures are 
inventoried through four groups of attributes: 1) ‘Basic attributes’ that includes name and 
description, 2) ‘Descriptive attributes’  that comprise: the “category of measure” (Technical 
measures, Measures related to "green" infrastructure, Measures changing management or 
practices, Risk prevention measures, among others), the “character of measures” (Preventive, 
Preparatory, Reactive, Recovery), the “objective of measures” (reduce exposure and sensitivity, 
increase adaptive capacity, to exploit benefits), “climate events” (not enough water, too much 
water, impaired water quality, snow related events), and “sector affected” (Water management, 
Agriculture, Energy, Industry, among others); 3) ‘Assessment attributes’  that include effectiveness, 
economic effects (cost), side effects, flexibility, and acceptance (implementation and time to 
implement); and (4) ‘Additional information’ that includes references and comments. 

UK’s Government Office for Science has been developing “foresight projects”, which consist on in-
depth studies that look at major issues for 20-80 years in the future. They are based on the latest 
scientific evidence and futures analysis in order to tackle complex issues and to provide strategic 
options for policy (Neue Ufer 2013). The particular foresight project on Flood and Coastal Defence 
produced two reports: “Future Flooding volume 1” and “Future Flooding volume 2”. While the first 
was focused on the elaboration of scenarios regarding the risk and extent of fluvial and coastal 
flooding over the next 30-100 years, the second report assessed the techniques or responses that 
are available to meet the flooding risk, and the key issues associated with their use.  In this latter 
report, researchers developed literature reviews, interviews and workshops in order to gather 
information on scientific developments and international best practice in flood and coastal defence. 
They started by looking at the measures which are currently in use, considering the extent to which 
they are adaptable to future flood risk. Afterwards new tools and techniques were evaluated in 
order to identify which should be further included and analysed in the concerning study.  

3.3 Books and reports 
Among the analysed books and reports within this state of the art research, which also included 
further analysis on the identification and categorization of different types of flood adaptation 
measures, are 15) three Technical reports from the European Environmental Agency (EEA). More 
specifically,, report No 2/2012 – ‘Urban adaptation to climate change in Europe’ (EEA 2012) and 
report No 18/2011 – ‘Green infrastructure and territorial cohesion’ (EEA 2011) of general nature; 
and report No EEA/ADS/06/001 – ‘Report on good practice measures for climate change 
adaptation in river basin management plans’(EEA 2009) that specifically focused on water 
management. Other analysed reports for the encompassing classification process of flood 
adaptation measures  include the 16) ‘Climate Change adaptation by design’ guide (TCPA 2001), 
provided by UK’s Town and Country Planning Association and with a general scale extent; and the 
17) ‘Adaptation Inspiration Book’ (CIRCLE-2 2013), compiling a series of case studies and 
corresponding brief analysis.  

Further information from the 18) ‘Toolbox Adaptive Measures’, developed by Dutch Doepel 
Strijkers Architects, was added to the literature review process. In this unpublished work 
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adaptation measures, which are specifically related to flooding, are organized in eight strategies 
(embanking, elevating, wet-proofing, temporary adaptation, floating, evacuation, regulation and 
communication) and subsequent types of measures (such as ‘Constructing and furnishing of 
watersides’, ‘Temporary adaptations on a building’, ‘Floating or amphibious platforms’, ‘escape 
ways’, among others).  

Lastly, the book 19) ’River.Space.Design’ Planning Strategies, Methods and Projects for Urban 
Rivers was also considered in the conducted state of the art analysis. Although this book is 
particularly focused on urban river landscapes, and thus has no direct relation to climate change 
related adaptation measures, it provides assessments on additional case studies and includes 
catalogued and categorised information that further helps the conceptual organization of potential 
adaptation measures.  

4. Discussion 
Seventeen measures from ESPACE research project were highlighted together with fifty seven 
measures from the Foresight project, twenty measures from the AMICA project, nineteen 
measures from ADAM project, thirty eight measures from ClimWatAdapt project, and so on. 
Measures that did not fit the abovementioned criteria were excluded such as “Information folder” 
(AMICA), “Flood-risk mapping” (Foresight project), “Flood insurance” (ADAM), “Buffer strips 
between water bodies and agricultural fields and within fields” (ClimWatAdapt) or the often 
repeated measure of “off-shore barrier”.  

The resulting highlighted measures were subsequently systematized and compared with the help 
of multiple worksheets. In this process, common perspectives and redundancies were identified, 
namely in the given nomenclature. Mentioning just a few, River.Space.Design book mentioned 
“Floating jetties” and “Floating islands” while the Toolbox work mentioned “Floating platform or 
building block”; the Foresight project included the measure of “Permeable land cover” and the 
ESPACE project the measure of “permeable and porous paving surfaces”; while ADAM project 
included the measure of “Enhancing storage for water”, AMICA project included the measure of 
“Water Storage”; “Dams” were suggested by the Foresight project, ADAM and the Toolbox work; 
“Reservoirs” were mentioned in the research projects ClimWatAdapt and ADAM; “Floodwalls” were 
included in the research projects ESPACE, AMICA, ADAM and in the book River.space.design and 
Toolbox work; although latter substituted by their synonym “Levee”, “Dikes”were mentioned in 
ADAM research project, Foresight project and Toolbox work.  

In order to choose the most appropriate vocabulary for the scope of this research, a semantics 
analysis was also conducted. This analysis permitted further conceptual clarifications. More 
specifically, it was not only important to choose between nomenclatures, namely between “Floating 
jetties”, “Floating platform” or a new terminology, but also to clarify conceptual divergences, such 
as between “underground storage” and “reservoirs”. Other relevant semantic resolutions helped, 
for instance, elucidate the difference between ‘retention’ and ‘detention’. Other potential 
ambiguities, namely in the identified measures “Detention ponds” (Future flooding), “Catchment 
basins” (AMICA), “Retention basins” (River space design) and “Detention basins” (ESPACE) which 
seemed to be referencing similar concepts, where also clarified.  

Overall, as illustrated in table 1, the combination of the classification process based on external 
research findings together with the portfolio screening and the associated empirical observations 
enabled the identification of thirty nine (39) types of measures arranged in sixteen (16) categories.  
It is however important to highlight that this process is open ended and built on the premise to be 
continuously revisited in light of new findings. 

Table 1 - Identified categories and types of flood adaptation measures applicable in the design of urban 
public spaces 

  Category  Type 

1 Urban greenery 1 Green walls 
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2 Inverted umbrellas  
2 Urban furniture 

3 Art installations  

4 Green roofs 
3 Rooftop detention 

5 Blue roofs 

6 Artificial detention basins 

7 Water plazas 

8 Underground reservoirs 
4 Reservoirs 

9 Cisterns 

10 Wet bioretention basins 

11 Dry bioretention basins 

12 Bioswales 

13 Bioretention planters 

5 Bioretention 

14 Rain gardens 

15 Open cell pavers 

16 Interlocking pavers 6 Permeable paving 

17 Porous paving 

7 Infiltration techniques 18 Infiltration trenches 

19 Stream rehabilitation  

20 Stream restoration 8 Stream recovery  

21 Daylighting streams 

22 Street channels 

23 Extended channels 

24 Enlarged canals 
9 Open drainage systems 

25 Check dams 

26 Floating pathways 

27 Floating platforms  10 Floating structures 

28 Floating islands 

29 Submergible parks 
11 Wet-proof 

30 Submergible pathways  

31 Cantilevered pathways  
12 Raised structures 

32 Elevated promenades 

33 Multifunctional defences 

34 Breakwaters 13 Coastal defences 

35 Embankments 

36 Sculptured walls 
14 Floodwalls 

37 Glass walls 

15 Barriers 38 Demountable barriers     

16 Levees 39 Gentle slope levees 
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4.1 Overall characterization of the identified types and categories of measures 
There are several descriptions of the previously identified flood adaptation measures presented by 
literature. Most of which entail specific purposes such as the execution technics, materials, costs 
or the assessment of infrastructural efficiency. As emphasized in table 2, the presented analysis 
specifically assess and characterizes the identified measures in regards to their applicability in the 
design of public spaces.  

The coming descriptions are mostly supported by the literature from the aforementioned state of 
the art overview. Among the main consulted references are Philip (2011), Prominski et al. (2012), 
Novotny et al. (2010) and LNEC (1983). In this characterization process, all measures are equally 
considered in accordance to their specific features. There are no value judgements as each 
measure is diverse and highly dependable upon different contexts. 

4.1.1 Urban greenery 
Every living plant can be considered as part of the urban greenery of a city. From the smallest 
Bryophyta (Moss) to the biggest tree, all living vegetation contributes to the “harvest” and 
“detention” of rainwater, thus contributing to the adaptation of floods specifically associated with 
rainstorms (pluvial floods). Measures within this category further include adjacent benefits such as 
carbon capture, microclimatic balance or biodiversity enrichment both flora and fauna wise. 
Although tree alignments or vegetated balconies form part of the category of ‘urban greenery’, 
‘green walls’ is the only highlighted measure essentially because of its novel and increasing use as 
an adaptation measure with significant aesthetical and infrastructural contributions. Today there 
are many iconic examples of green walls in most major world-wide capitals.  

4.1.2 Urban furniture 
Urban furniture as a contributing element to flood adaptation entails innovative ideas prompt by the 
increasing contemporary concerns presented by climate change. Among the materialized ideas 
are the ‘inverted umbrellas’ and ‘art installations’ of specific purposes.  As the name indicates, 
inverted umbrellas resemble upside-down traditional umbrellas and may have various shapes and 
sizes. With inverted umbrellas, incoming water flows inwards into the central column which may 
then lead it to a storage tank or into the drainage system for reuse or distribution. Besides taking 
advantage of rainwater as a precious resource through harvest and storing functions, this measure 
may also serve as a shadowing structure, thus further contributing to microclimatic melioration 
through albedo reduction.   

Regarding art installations, namely the ones associated to flood adaptation purposes, most have 
as its primary motive the communication of information, of a problem or concern and thus can 
more likely be related to strategic measures. However, they may also entail operational measures. 
That is the case, for instance, of the existing art installation that looks like a water harvesting 
“mupi”. In this situation, a large-sized funnel is placed above a rectangular shaped and transparent 
water collecting tank onto which rainwater is drained. Other benefits provided by this measure, 
adjacent to its operational function to collect and retain rainwater, include informational and 
educative purposes related to awareness raising. 

4.1.3 Rooftop detention 
Roofs are a privileged area among urban territories as they comprise an elevated impermeable 
area from which the supply of good quality water can be easily collected for later use. Rooftop 
detention systems mostly comprise a multi-layers structure that is designed in accordance to the 
function and size of the roof system. This measure can be applied in small or large scale areas, 
from singular buildings to housing developments, from elevated obsolete train-lines to industrial 
estates. Public spaces may exist among any of these areas. Besides the fact that capturing and 
reusing rainfall from roof surfaces can significantly attenuate overall urban runoff, rooftop detention 
further contributes as a reliable source of water for irrigation and other non-potable uses on-site 
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such as toilet flushing, heating systems, direct groundwater recharge, among others. The identified 
measures encompassed within the category of rooftop detention are ‘green roofs’ and ‘blue roofs’. 
Both of which are particular adequate for the adaptation to pluvial floods.  

4.1.4 Reservoirs 
In the scope of this research, the category ‘reservoirs’ groups measures that store water either 
from traditional “grey” sewage drainage systems or from other measures such as bioswales, blue 
roofs, green walls, among others. Their main common purpose is not to lessen the volume of 
urban stormwater through natural infiltration or evapotranspiration but to provide temporary storage 
during heavy rainfall and thus attenuate intensity peak flows through the posterior gradual release 
of runoff. Accordingly, they are rarely stand-alone solutions, requiring supporting infrastructure 
both up and downstream its implementation site. Among the measures related to this category are 
‘artificial detention basins’, ‘water plazas’, ‘underground reservoirs’ and ‘cisterns’.  

4.1.5 Bioretention 
Bioretention measures can be generally characterized by their capacity to simultaneously include 
the processes of detention, infiltration and evapotranspiration. They consist on excavated 
landscaped areas in which runoff is collected and infiltrated through the soil below and, if 
necessary, into an underdrain to the drainage system. Measures included in this category 
generally entail a broken stone bottom layer and engineered soil in order to offer high infiltration 
rates and efficient pollutant removal, as well as fertile growing conditions for vegetation. Planted 
vegetation may vary from herbaceous species to woody bushes and even trees. Through the 
implementation of these measures it is possible not to increase flood risk in new housing 
developments and its associated roads, pavements and parking lots. When encompassing 
vegetation, these measures additionally provide amenity value for urban environments. The visual 
impact of spaces comprising these measures is improved together with biodiversity and the quality 
of water and air. Among the measures included in this category are ‘wet bioretention basins’, ‘dry 
bioretention basins’, ‘bioswales’, ‘bioretention planters’ and ‘rain gardens’. It is further important to 
bear in mind some important implementation and maintenance specificities that are common to all 
the aforementioned measures, namely the need to conduct short-term maintenance in the first and 
second year’s common to any landscape design, the ongoing need to remove trash and debris as 
well as the requirements to check for clogging and the removal or trimming of undesired plants. 

4.1.6 Permeable paving 
Permeable paving or pavement is a pervious surface that allows rainwater to infiltrate through its 
surface and into an underlying storage layer. From this storage layer, water can be infiltrated into 
the ground, can be reused or can be conveyed into other measure such as a raingarden for 
instance. Permeable pavements can therefore attenuate runoff and, when provided with a filtration 
medium, can remove common street pollutants such as hydrocarbons and metals through 
absorption and filtration processes occurring in their pervious surface as well as their hidden 
sublayers. Measures associated to this category are generally able to cope with severe storms and 
are beneficial for the adaptation to pluvial, fluvial and coastal floods. Among the highlighted 
measures within this category are: open cell pavers, interlocking pavers and porous paving. While 
open cell pavers allow water to enter through the spacing’s between the pavers, porous paving is 
made of aggregate materials with some porosity that allow water to pass through their surface.  All 
of which can be designed for car or pedestrian traffic and can be implemented in almost any urban 
area. Presently, there is a wide variety of pavement designs and materials, which can further add 
to the aesthetic quality of a space.  

4.1.7 Infiltration techniques 
In the scope of this analysis, the measures associated to this category are primarily targeted at 

fulfilling the purpose of infiltration or, in other words, the rapid infiltration of surface 



22nd International Sustainable Development Research Society Conference (ISDRS 2016), Vol. 1 
School of Science and Technology, Universidade Nova de Lisboa, Lisbon, Portugal, 13-15 July 2016 

 

722 
 

stormwater. This approach does not neglect the fact that other measures, integrated within other 
categories, might also encompass the same infrastructural function as a secondary purpose. 
Among the measures specifically targeted to infiltrate stormwater, one may consider: infiltration 
trenches, leaky wells, geocellular systems and green gutters. Regardless, only infiltration trenches 
were substantiated with implemented examples. This specific measure features underground 
layers that may be composed by gravel, sand, and other minerals or broken stones. The design 
criteria, such as the materials to use or the dimensions of each underground layer is highly 
dependable on rainwater intensities and the conditions of local soil and available space. They can 
be implemented in various urban settings from public gardens to roadside alignments, from parking 
lots to roundabouts. Measures within this category are not adequate for areas with high water 
levels as well as for areas that receive runoff with high pollution levels. They are also particularly 
inappropriate when subsurface soil is not sufficiently permeable.  

4.1.8 Stream recovery  
Stream recovery, here only focused upon urban territories, essentially entails the processes of 
improving or recuperating, totally or partially, the natural ecosystem of a watercourse. This process 
may be accomplished in a small section of the stream or in its total length. It is however important 
to note that stream recovery is only possible when major pollution sources have been eliminated. 
Public spaces generated out of stream recovery projects are common nowadays. Considering the 
extended literature on the subject of urban rivers and its recovery, a significant number of 
examples can be considered as exemplary in the improvement of a communities’ quality of life. 
Most examples are also exemplary as flood adaptation undertakings applied to most types of 
floods. Measures within this category also contribute to the increase of flow capacity of the river 
system during flood events and can reduce the velocity of water flows. By improving the riparian 
habitat of streams, these measures also ‘harvest’ stormwater and promote groundwater recharge.  
Among the highlighted processes of stream recovery are: stream rehabilitation, stream restoration, 
and the process of daylighting streams that were formerly concealed.  

4.1.9 Open drainage systems 
Open drainage systems are uncovered water channels that are complementary or alternative to 
underground drainage systems. These open channels should only receive water that has been 
previously treated or is already free from pollutants. While some measures within this category 
include the improvements made in pre-existing watercourses, other measures serve to convey 
cleaned stormwater arising from other types of measures, such as rooftops or bioswales, leading it 
into the underground sewage system, or to a receiving water body or to other types of adaptation 
measures such as rain gardens or bioretention basins. Among the measures presented within this 
category are: street channels, extended channels, enlarged canals and check dams. All of which 
can be designed in various dimensions and forms and all of which can be particularly effective 
when tackling pluvial and fluvial floods. In similarity to other measures that instigate the 
communities’ approximation to the processes of natural water systems, the aforementioned 
measures can also greatly change the perception of an urban space and its social appropriation. 
By exposing a fragment of the water cycle and by inviting users to part of it, education and 
awareness is promoted 

4.1.10 Floating structures 
Floating structures are an old concept and practice that has been revisited in recent years, likely as 
a result of climate change threats. New designs and experimental approaches have been recently 
exploring the potential of floating structures as the ultimate flood resilient measure, one that 
tolerates and adapts to any type of flood, being it pluvial, fluvial, groundwater, artificial drainage or 
coastal flood. Floating structures can range from floating mega structures such as sea oil 
platforms, to floating urban developments and floating buildings. Likewise, floating structures can 
also be built to support public spaces. Designs can have as many dimensions and forms as the 

advances in technology permit. Among the types of floating structures that can be specifically 
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associate to public space design, the following were highlighted: floating pathway, floating platform 
and floating islands. 

4.1.11 Wet-proof 
Adaptation measures within the identified wet-proof category include different types of public 
spaces that are resistant to the periodic and temporary submersion by floods. Among the 
alternatives, submergible parks and submergible pathways were singled out. In most situations 
these measures are applied in flood prone areas, which can exist in interior lowlands or in areas 
adjacent to natural water streams. They are particularly adequate to the adaptation to pluvial, 
fluvial and coastal floods. Urban elements used in the design of these measures, such as 
pavement or urban furniture, must be particularly resistant in order to assumedly sustain the 
impacts of recurrent flood events. More specifically they must be made out of robust materials and 
a particular attention must be given to their constituent foundations. In the same line of reasoning, 
the used vegetation must also be suitable. Species originating from the habitat of riparian 
woodlands can tolerate the oscillations between flood and drought. Once the risk of flooding is high 
in these areas, their design must also encompass clear and visible information signage and 
escape routes.  

4.1.12 Raised structures 
Raised structures as an adaptation category in the scope of this research is interpreted as the 
public space structures that are elevated or suspended over the maximum levels of a watercourse 
in order to be unaffected by flood events. The concept to elevate a structure in order to protect 
against flooding is long-established. Expectedly, this concept is also often applied in the design of 
public spaces, namely in promenades, passageways, stages, esplanades, plazas, gardens, among 
others. This approach is generally used in waterfront margins albeit being also possible to 
implement in interior flood prone areas. In waterfronts, measures within this category are 
commonly used in densely urbanized areas where free available space is limited. Through 
overhanging balconies or elevated platforms, space is extended over the water as part of the 
waterfront structure. Construction techniques used in the implementation of these measures 
include the use of stilts (pillars, pilotis) or cantilevered structures. Among the different possible 
types of ‘raised structures’ adaptation measures, the following were identified in the scope of this 
research: cantilevered pathways and elevated promenades.  

4.1.13 Coastal defences 
In the scope of this research, the category of coastal defences specifically includes the coastal 
management measures that aim to adapt urban territories to the impacts of storm events that lead 
to flood occurrences, namely the impacts from fluvial floods as well as storm surges and sea level 
rise. Various examples have proven to be possible to maintain the high standards of hard 
engineering flood defence while also benefiting from the opportunities provided by interdisciplinary 
and multifunctional spaces of public utility. Along these opportunities is the potential available 
space for public encounter. Through public spaces the engagement in climate adaptation action 
can be enhanced, namely when the impacts of extreme weathers can be made tangible. In 
carefully designed coastal defences that also encompass public spaces, the power of water 
dynamics becomes meaningful for citizens and their livelihoods. Measures highlighted in this 
category of coastal defence are: multifunctional defences, breakwaters and embankments. 

4.1.14 Floodwalls 
Floodwalls can be characterized by being artificial flood barriers of relatively small scale, generally 
consisting on extensive reinforced concrete vertical platforms perpendicular to the ground an 
alongside a watercourse. Their size and shape varies considerably deepening on the projected 
flood characteristics.  They are mostly used in dense urban settings where available space is very 

limited. In similarity to other measures that must comprise applied engineering techniques, 
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floodwalls are not required to have its infrastructural flood defence purpose as a sole objective. 
Although in most situations they are implemented without aesthetic considerations, they have the 
potential to be integrated as part of a public space design. Today’s knowhow allows for floodwalls 
to be artistic sculptural elements or didactic structures while maintaining their robustness and 
efficiency as a flood barrier. That is the case of the adaptation measures here highlighted, namely 
sculptured walls and glass walls. 

4.1.15 Barriers 
This category of adaptation measure refers to the group of flood defences that are locally 
implemented either through temporary or permanent demountable mechanisms. They are mostly 
applied when facing fluvial and coastal floods. Temporary barriers can be generally described as a 
provisional flood protection mechanism that is composed of detachable flood protection products 
that are exclusively installed during a flood event and are totally removed once flood levels are no 
longer a nuisance (EA 2011). Demountable barrier is here understood as a permanent flood 
protection, albeit movable, that has been pre-installed and requires operation during a flood event 
(EA 2011). Demountable barriers can include various types of mechanisms, from sectional barriers 
to flood gates. 

4.1.16 Levees 
Levees are an old category of flood defence infrastructure. They can also be dikes, embankments, 
floodbanks or stopbanks. They are generally characterized as natural or artificial slopes that 
regulate water levels. They are usually made out of earth, although they can be reinforced by 
strengthening their inner core, with other types of materials such as steel, or by improving the 
characteristics of the levee's surface in order to contribute to the overall stability of the levee. 
Levees can also be re-enforced by heightening or broadening their scale. They are often 
implemented parallel to the path of a watercourse either in urban or agricultural lands. In other 
situations, levees are unrecognized by being designed together with the design of parks or other 
types of public space. In these cases, the adaptation measure of gentle slope levees is identified.  

 
Table 2 - Illustrative and schematic drawing of one type of measure for each identified flood adaptation 

category.  

 Category  

 

1 Urban 
greenery 

Green walls (#1) 
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2 Urban 
furniture 

Inverted umbrellas (#2) 

 

3 Rooftop 
detention 

Blue roof and other measures (#5 and #s 3, 4 and 9) 

 

4 Reservoirs 

Water plazas (#7) 
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5 Bioretention 

Rain gardens (#19) 

 

6 Permeable 
paving 

Permeable paving (with cistern) (#s 15, 16 or 17 and 9) 

 

7 Infiltration 
techniques 

Infiltration trenches (#18) 

8 Stream 
recovery  

 

 
  Daylighthing streams (#21) 
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9 
Open 
drainage 
systems 

Street channels (in train or tram tracks) (#22)  

 

10 Floating 
structures 

Floating platforms (#27) 

 

11 Wet-proof 

Submergible parks (#29) 

 

12 Raised 
structures 

Cantilevered pathways (#31) 
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13 Coastal 
defences 

Multifunctional defences (#33) 

14 Floodwalls 

 
Flood walls (#36) 

 

15 Barriers 

Demountable sectional barriers (#38) 

 

16 Levees 

Gentle slope levees (#39) 

5. Conclusions 
Flood management has been mostly controlled by specific technical and specialized disciplines 
that have authoritatively decided on the actions to take. Yet nowadays, and as suggested by other 
authors such as White and Howe (2004), Lennon et al. (2014) among others, this matter requires a 
greater knowledge. One that embraces and integrates a broader range of stakeholders and 
disciplines, from the local community to evolved public companies, from landscape architects to 
climate change researchers, from urban planners to microclimatic experts, and so on.   
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In light of the presented premise that quality of our future cities will be dependable on local 
adaptation measures applied in public spaces, this manuscript specifically addresses the 
identification and characterization of flood adaptation measures applied in public space design. 
Through an exhaustive literature review, the assessment of examples (portfolio screening) 
together with empirical observations, it was possible to identify thirty nine (39) types of measures 
grouped within sixteen (16) categories. A range of presented options, which can be combined and 
used in very different contexts, envisioned to assist anyone involved in the design of a public 
space with flood adaptation purposes.  

Prompt by the urging need to adapt our urban territories for the upcoming unprecedented climatic 
changes, this paper contributes for a different approach to flood management. Through the design 
of public spaces with flood adaptation purposes, not only is the anticipated target of 
interdisciplinary practice consummated but also additional and alternative measures may serve to 
challenge traditional practices. 

Lastly, it is important to note that the presented results must be revisited through time as new 
information or knowledge becomes available. It is a research that must be acknowledged as an 
“Open Work” (Eco 1989), prepared to evolve and be restructured as new learnings, concepts or 
approaches arise. While the measures here proposed can provide a very useful starting point, 
most probably, and most fortunately, they will also change and derive as new challenges arrive.  
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Abstract 
Cities are among the major drivers of global climate change. The majority of the world’s population 
already lives in urban areas, a trend bound to increase, with global urban population projected to 
have increased to 66% by 2050. The growth of urban agglomerations combined to population 
migration from rural to urban/suburban areas will exacerbate the problem. Cities consume up to 
80% of total global energy production, and account for 71% to 76% of global CO2 emissions. 
Cities are also severely affected by climate impacts. The study describes one of the consequences 
of climate change, namely urban heat. Due to their geographical characteristics such as low 
albedo, high impermeability and favorable thermal properties for the energy storage and heat 
release, and as a result of the ways their infrastructure - which is often of sub-standard quality- 
function, cities are highly vulnerable to climate change as a whole and to urban heat in particular, 
especially (but not only) in developing countries.  The paper defines the scope of the problem, its 
consequences and outlines some of the ways it may be addressed. 

 

Keywords: climate change, urban heat, urban infrastructure. 
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Abstract 
Climate change nowadays has increased the frequency and severity of extreme weather events. 
Aside from bringing physical havoc, natural disasters have left countless of survivors with 
psychological distress, which sometimes lead to Post-traumatic Stress Disorder (PTSD) or even to 
Major Depression. It is reported that the incidence of mental disorders double after emergencies. 
However, disaster preparedness programs rarely address mental wellness of survivors. Economic 
and environmental rehabilitation is usually the priority. It is observed that in disaster settings, 
mental health services are fragmented, unstable, short of staff, affected by language barriers, 
involves misdiagnosis and applies culturally inappropriate treatment methods. This is a wasted 
opportunity for if mental disorders are detected and addressed at an early stage, patients are more 
likely to recover fully. In Tacloban City in the Philippines, one of the countries most vulnerable to 
natural disasters, a Category 5 supertyphoon named Haiyan struck last November 2013 killing at 
least 6,300 people. After this tragedy, it is reported that at least one in ten survivors was advancing 
into depression. Sadly, there were no community-based mental health services rendered in the 
city. The WHO started a program called Mental Health Gap Action Program wherein they trained 
70 health professionals and almost 300 community workers to link primary care with mental 
healthcare. However, almost the same patients before and after Typhoon Haiyan avail of these 
free services from health centers despite the increased number of persons reported and expected 
to be mentally ill. Thus this study aimed to determine which demographic factors and barriers 
affect the health-seeking behavior of Typhoon Haiyan survivors. Key person interviews were 
performed then an administered questionnaire survey was conducted of a random sample of adult 
residents (n= 129) in three different communities in Tacloban City. It was determined that the most 
significant factor to their health-seeking behavior is the attitudinal barrier of wanting to handle the 
problem on their own. This was followed by structural barriers, e.g. lack of doctors, poor quality 
facilities, distance from facilities, limited finances and lack of time. Stigma was the lowest reported 
barrier. Sociodemographic characteristics, except for educational attainment, have not shown 
significant correlation with their health-seeking behavior. Educational attainment is inversely 
proportional to the use of mental health services, a trend opposite to those observed in developed 
countries. Most of those who used the services availed from non-governmental organizations and 
not health centers. These findings could be utilized to improve and promote community-based 
mental health services in Tacloban City, Philippines.  

 

Keywords: disaster mental health care, exploratory study, Typhoon Haiyan, mental health service 
use, Philippines 
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Abstract 
Since the launch of the latest report of Working Group II of the Intergovernmental Panel on Climate 
Change in March 2014, called the AR5 (Assessment Report), the discussions on climate change 
have been expanded, moving from a view focused only on mitigation to a broader one, considering 
also the need to adapt to climate changes that are already underway. This movement has 
impacted not only on the strategies and actions of national, regional and local governments, but 
also on different sectors of the economy. The electricity sector is notoriously one of the main actors 
of global climate change and it now begins to present another important role: the role of a sector 
that is also vulnerable to the consequences of climate change. As so, some new important 
questions arise: How the sector must be prepared to minimize the consequences of temperature 
increases, changes in precipitation and more frequent occurrence of extreme weather events on 
the energy offer, on the energy demand and on the energy assets and infrastructure?  What are 
the key aspects to be considered by a power company when building a strategy for climate change 
including both mitigation and adaptation issues? How companies can prepare themselves to the 
climate changes already underway as to have a minimal impact on their business? It is in this 
challenging context that this paper takes place. It presents the results of a research project 
developed by researchers of CEPEL/Eletrobras (Electrical Energy Research Center) and PACTE 
(Social Science Research Laboratory of Grenoble-Alpes University) which aims to bring to Brazil 
greater expertise in the subject of climate change governance and climate change adaptation. The 
paper shows the first results of a campaign of interviews realized in France with key stakeholders, 
that tried to address how the French electricity companies and territories are preparing to minimize 
the consequences (or profit from them) of climate change. From the analysis of positive and 
negative points of that experience at different action levels (policies, plans, programs, strategies) it 
is discussed the key aspects of an effective Adaptation Strategy to Climate Change in the Brazilian 
electricity companies, in a way to enable the consideration of the possible impact that climate 
changes may bring to electricity generation, transmission and distribution. 

Keywords: Adaptation Strategy, Climate Change, Brazil, France 
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Abstract 
A shift to a low-carbon energy system, particularly for electricity generation, has been identified as 
a key strategy to mitigate climate change. A wide range of energy models have been used to 
support policy decisions. However, such models mostly focus on the cost-effectiveness of energy 
technologies to reduce greenhouse gas (GHG) emissions, ignoring other aspects of sustainability. 
Low-carbon power plants, as wind or solar PV farms, may require more materials and land-use 
than fossil-fuelled plants with other environment impacts. Also, some emergent renewable energy 
sources (RES) technologies, e.g., wave, have significant capital costs which may be unbearable 
on a financial point of view. A sustainable power system must contribute to climate change 
mitigation but also needs to promote economic and social development, without prejudicing other 
environmental aspects. Most of the electricity generation planning does not take into account a 
wide range of sustainability aspects, which require tools and approaches with expanded abilities. 
This paper aims to evaluate the sustainability of the Portuguese power sector as foreseen by three 
scenarios within the Portuguese National Climate Change Programme (NACCP) up to 2030: REF 
(electricity mix according to the policy goals of the Renewable Action Plan, including mandatory 
emergent RES capacity), REFaj (equal to REF but with lower hydro capacity and without 
mandatory emergent RES) and REFaj+ (equal to REFaj but with wind onshore and solar PV 
installed capacity up to the maximum cost-effective national potential). A business-as-Usual (BAU) 
scenario, which considers an average electricity technology generation mix over the last three 
years is also analysed. We apply sustainability metrics comprising three groups of sustainability 
indicators: environmental (GHG emissions, water consumption and land-use); economic (capital 
costs, electricity production cost); and social (number of new jobs). An equal weighting of the 
sustainability criteria is considered for each of the indicators. The assessment shows that despite 
the lowest requirement for capital investment and electricity price, the BAU scenario shows the 
poorest overall sustainability score in 2030. The lower RES installed capacity and the continuous 
operation of coal power plants are translated in higher GHG emissions, water and land-use. This 
scenario is also the worst option from the social perspective. The REFaj+ and REF scenarios have 
the best environment sustainability performance. The main drawback of the former is associated 
with higher land-use due to solar PV farms, while for the latter is the larger water consumption as a 
result of higher hydro capacity. Within the three NACCP scenarios, REFaj has the last attractive 
sustainable power mix in 2030. Besides a higher electricity price, this scenario leads to the biggest 
GHG emissions and lowest jobs creation, translated in lowest ranking regarding economic, social 
and environmental criteria. Overall, the most sustainable scenarios are those with higher 
penetration of RES. However, although different technologies enable mitigate climate change, 
some options present additional sustainable aspects. Contrary to current energy models, the 
sustainability assessment allows to explore a wide range of additional important aspects, which 
makes it a relevant tool in decision-support framework, contributing to more informed and 
comprehensive policy making. 

Keywords: sustainability assessment, low carbon future scenarios, Portuguese power sector 
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Abstract 
In order to respond to climate change and mitigate its Greenhouse Gas (GHG) emissions, 
companies must first develop GHG emission inventories. The GHG inventory practice is still 
unusual in developing countries. For example, among the Brazilian companies of electric power 
distribution, only 4 out of 63 companies develop and disclose their GHG inventories following the 
GHG Protocol. None of these four companies is located in Northeast Brazil. This study aims to 
estimate GHG emissions in 2014 from the activities of Coelba, an electric power distributor located 
in the Northeast of Brazil, and to make a comparative analysis using the GHG emissions data 
published in the inventory of AES Sul, which is located in the South of Brazil. In order to do that, 
secondary data were collected from institutional documents (sustainability and management 
reports) and information systems of the companies (SAP-R3) and primary data were obtained 
through interviews with employees from different areas of the companies (Management, Human 
Resource, Environment, Supply, Market and Loss Recovery). The results show that the purchase 
of energy to be distributed to end users responds to the largest amount of GHG emissions 
(84.77% in Coelba and 90.40% in AES Sul). Secondly, the electricity losses represent 14.64% of 
Coelba’s GHG emissions and 9.33% of AES Sul’s. This result is influenced by the increase, in 
recent years, of the Brazilian electric system’s emission factor, due to the activation of some fossil 
fuel plants to ensure national energy supply. It is argued that the initial inventory of Coelba’s GHG 
emissions may help the company to develop GHG reduction strategies, identifying opportunities for 
improvements in operational efficiency as well as cost reduction. Besides, it is also a benchmark 
for other companies in the electric sector to prepare their inventories and include more categories 
in addition to scopes 1 and 2.  

Keywords: GHG Emission Inventory, GHG Protocol, Electricity Distribution Company, Brazil. 

1. Introduction 
There is a growing discussion worldwide on climate change caused by greenhouse gas emissions. 
The Intergovernmental Panel on Climate Change - IPCC shows in its reports that the emission of 
gases from human activities are responsible for the observed increase in temperature in recent 
decades and only human beings’ actions can reduce such impacts (IPCC, 2014). 

The IPCC (2014) also shows that climate changes caused by global warming have already had 
significant impacts on people’s lives and the natural environment, such as loss of agricultural 
productivity, accelerated extinction and species displacement, increasing damage to infrastructure 
and economy due to extreme rainfall and drought. The IPCC states that the most effective way to 
reduce risk is to reduce GHG emissions, also impacted by the accumulated historical emissions. If 
GHG emissions continue to grow at current rates over the next few years, the planet’s temperature 
might increase to 4.8ºC in this century. 

According to estimates of the Emissions Database for Global Atmospheric Research (2015), in 
2014, global GHG emissions totalled approximately 53 billion tons of carbon equivalent  (Gt 
CO2e), out of which, 3% (1.58 Gt CO2e) was Brazil’s contribution. In terms of GHG emissions per 
capita, in 2014, each Brazilian emitted an average of 2.4 t CO2e, about 7 times less than an 
American does and 3 times less than an European or a Chinese emits. 

Despite the predominance of oil and the growing use of natural gas, the Brazilian energy matrix 
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still has a high share of renewable sources. Table 1 shows that, in the country, in 2014, 39.5% of 
all energy production came from renewable sources (hydro, biomass, wind, solar and geothermal) 
against 13.7% in the world average. 

The global power sector produces electricity primarily from non-renewable sources (oil, natural 
gas, coal   and nuclear), which represented, in 2014, more than 75% of the electricity produced in 
the world, as shown in Table 1. Coal stands out, because it is responsible for approximately 40% 
of the total amount. 

The electric matrix in Brazil is predominantly composed by renewable sources (74.6%), however, 
the analysis of the evolution of emissions shows that the share of non-renewable sources has 
grown significantly, representing, in 2014, 25.4 % of the total, as opposed to 12.9% in 2011, 
according to the National Energy Balance (BEN, 2015). 

Table 1. Share of sources within Brazilian and Global Energy and Electric Matrices 

 
 
 
 
 
 
 
 
 
 
 
 

Source: EPE, 2015 

Figure 1 shows the evolution of GHG emissions in the different sectors in Brazil over the past 
decade. We can observe emission reduction due to changes in land use (9.7%) between 2013 and 
2014, however, all other sectors, especially the energy one, showed an increase. Of the total 
emissions, there was a reduction of 0.9%. Since 2009, the country’s emissions are stable, at 
around 1.5 GtCO2e. 

Figure 1. GHG Emission in Brazil by Sector 2004 – 2014 
Source: Designed by the authors, based on SEEG (2015) 

 

The energy sector emitted, in 2014, 0.479 GtCO2e, representing an increase of 6% as compared 
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to the previous year, and it shares, together with the land use change sector (0.486 Gt CO2e), the 
ranking of the leading sources of GHG in Brazilian economy. 

There is a prospect that the energy sector is the most important one in terms of GHG emissions. 
For the third consecutive year, due to unfavourable hydrological conditions, there was a reduction 
of hydraulic power supply. In 2014, the decrease represented 5.6%. The lower water supply 
explains the decline in the share of renewable sources in the electric matrix, from 84.5% in 2012 to 
79.3% in 2013 and 65.2% in 2014, despite the increase of 3.177 MW in the installed capacity of 
the hydroelectric plants. Wind power reached 4.903 MW, which provided an 85.6% increase in this 
source of electricity generation. The final consumption of electricity in the country in 2014 displays 
an increase of 2.9%, provided by the expansion of thermal generation, especially from coal, natural 
gas and biomass plants (EPE, 2014). 

The increase of GHG emissions in the energy sector was generated by the subsectors of 
transport, which emitted 3% more than in 2013; of electricity generation, which increased 23%, 
mainly due to activation of fossil power plants to cope with the drought that has run out the 
hydroelectric reservoirs in the Northeast and Midwest/Southeast Regions of the country; and of 
fuel production, which increased its emissions at 6.8%, due to the production and refining of oil and 
gas - which includes the exploration of pre-salt layer. Figure 2 shows the evolution of emissions of 
these subsectors. 

Figure 2. GHG Emission in Brazil by Subsector (2004-2014) 
Source: Designed by the authors, based on SEEG (2015) 

Brazil has a National Policy on Climate Change (NPCC), which defines the national voluntary 
commitment to adopt mitigation actions to reduce GHG emissions between 36.1% and 38.9%, 
being 2005 the base year, and a projection for 2020 estimated at 3,236 Gt CO2e (MMA, 2009). In 
2015, Brazil and the United States agreed to increase bilateral collaboration, in accordance with 
the United Nations Framework Convention on Climate Change (UNFCCC), through joint efforts of 
both countries to meet the challenges set by climate change. Also in 2015, during the 21st UN 
Conference on Climate Change (COP21), Brazil committed itself to reduce GHG emissions up to 
43% by 2030, and to achieve 45% of renewable sources in its energy matrix. 

In order to meet the voluntary commitment, Sector Plans were designed in areas such as 
agriculture, combat f deforestation, industry, energy, transport and mining, including specific 
actions, indicators and goals to reduce emissions and mechanisms for verification of compliance. 
Brazil also intends to ban deforestation in the Legal Amazon and restore 12 million hectares of 
forests by 2030. According to EPE (2012), Brazil is expected to reach 226 million inhabitants in 
2050. Of this total, nearly 90% shall live in urban areas, in more than 39 million new houses. It is 
expected that the Brazilian hydroelectric potential will not meet such demand. 

The Ten-Year Plan for Energy Expansion 2023 establishes a reduction in the percentage of 
hydropower in Brazil’s electric matrix from 65% to 59%. Despite the proposal to use renewable 
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sources, it is expected the need to use more thermal energy - natural gas, nuclear and coal. (PDE, 
2012). 

The Brazilian energy policy already provides for the diversification of energy sources, taking 
advantage of regional characteristics, such as the construction of hydroelectric plants in the 
Amazon; wind plants in the Northeast; development of biomass out of sugarcane bagasse in the 
Southeast; use of natural gas in the Southeast and South (Sauer, 2013). 

The first step to reduce GHG emissions in the energy sector is the development of emission 
inventories by companies belonging to this sector. One of the most used methods worldwide for 
the development of corporate emission inventories is the GHG Protocol. Besides being the most 
widely used method for preparation of inventories in organizations, the GHG Protocol Corporate 
Accounting and Reporting Standard adopts a methodology adapted to the national scenario. The 
initiative was implemented in Brazil by the Study Center for Sustainability of the Getúlio Vargas 
Foundation (FGV) and the World Resources Institute (WRI), with support from the Brazilian 
Business Council for Sustainable Development (CEBDS), World Business Council for Sustainable 
Development (WBCSD) and the Ministry of Environment (MMA) (GHG Protocol Brazil, 2008). The 
guideline provides information for the preparation of GHG emission inventories in different 
companies and organizations. The GHGs present in its scope are the same as in the Kyoto 
Protocol: carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), sulphur hexafluoride (SF6), 
hydro fluorocarbons (HFCs), per fluorocarbons (PFCs). The method is compatible with ISO 
standards and the methodologies of the IPCC. 

The methodology considers three scopes for measurement of emissions: a) Scope 1 - direct 
emissions, from sources owned or controlled by the organization; b) Scope 2 - indirect emissions, 
from energy consumption and c) Scope 3 – GHG indirect emissions, whose report is seen as 
optional, deriving from the activities of the company, but which come from sources that do not 
belong or that are not controlled by the company. There is no standardization of operational limits 
reported in scope 3, being it up to the companies to choose which sources to report. The GHG 
also has a number of tools to calculate emissions. 

In the first year of implementation of the Brazilian GHG Protocol Program, in 2008, 23 inventories 
were published. In 2014, 132 inventories. Such growth was not found in the electricity and gas 
sector, despite the need to reduce GHG emissions, due to increased emissions from this sector, 
as shown in Figure 3 (GHG Protocol Brazil, 2015). 

Figure 3. Number of companies participating in the GHG Protocol 
Source: Designed by the authors, based on GHG Protocol Brazil (2015) 

Brazil has 63 electricity distribution companies, responsible for providing energy to 75 million 
consumer units in 2014. Out of these companies, only 4 design the GHG inventory following the 
GHG Protocol, however, they consider as an organizational boundary all subsidiaries and units, 
including different segments. Only AES Sul has a disclosed inventory whose organizational limit is 
the operations of the company in the distribution segment. 
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Thus, in order to contribute to the increase of GHG inventories in the Brazilian energy sector, this 
paper aims to estimate GHG emissions in 2014 from the activities of an electricity distribution 
company located in the Northeast of Brazil and make a comparative analysis with the GHG 
emission data published in the inventory of AES Sul, located in Southern Brazil. 

2. Methods 
The Brazilian electricity sector is divided into four segments: generation (responsible for producing 
electricity), transmission (responsible for transporting electricity to large urban areas) and 
electricity distribution (responsible for receiving the energy from the transmission companies and 
transporting it to the final consumer), which have become independent business areas, and 
commercialization (responsible for the purchase and sale of energy). 

For this work, the following data sources were considered: 

For Coelba - Electricity Company of the State of Bahia - secondary data were used, collected from 
institutional documents of the company (sustainability report and management report), as well as 
the SAP-R3 information system. Primary data were obtained through interviews with eleven 
employees from different areas   of the company (Management, Human Resource, Environment, 
Supply, Market and Loss Recovery). 

As to the AES Sul, the secondary data used were collected from institutional documents of the 
company (sustainability report and GHG inventory published in the GHG Protocol framework), and 
the primary data were obtained through interviews with an employee of the General Production 
Board, responsible for preparing the inventory of the entire group of companies of which AES Sul 
is part. 

2.1 Coelba Corporate Profile 

Coelba is a distributor of energy, part of the Neoenergia Group, which operates in the generation, 
transmission, distribution and commercialization sectors, holding 87.84% of its shares. It also has 
a stake of 8.50% of the Spanish Iberdrola Group, 2.29% of the Pension Fund of the Bank of Brazil 
(Previ) and 1.37% of other shareholders, as shown in Figure 4. 

 

 

 

 

 

 

 

 

 
Figure 4. Coelba Shareholders’ Participation 
Source: Coelba Sustainability Report (2014) 

Coelba is located in the state of Bahia, northeastern Brazil. The state occupies the 8th position in 
the national ranking of emissions, 0.0741 Gt CO2e. Of this total, 35.24% was emitted by the 
energy sector, with the largest shares of the sub-sectors of transport and electricity generation, in 
accordance with the results found in the country’s emissions. 

The company holds the concession for power distribution in 415 of the 417 municipalities in Bahia 
(99.5% of the total), covering an operation area of 563 thousand square kilometers. The total 
installed capacity is 5,600 MVA. In 2014, the company distributed 18,380 GWh - an increase of 

4.7% as compared to 2013 - to 5.5 million customers. It is the country’s third largest energy 
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company in number of customers (ABRADEE, 2015) and the sixth one in amount of provided 
energy (ANEEL, 2015). 

To mitigate the impacts of climate change on the operation, the company invests in adaptation 
strategies through research and development programs that improve the assertiveness of time 
review   and the risks they pose to power supply. However, it does not have any action focused on 
the monitoring, control and reduction of its GHG emissions. 

Table 2 shows some figures of Coelba. 

Table 2. Coelba figures in 2014 

 

 

 

 

 

 

 

 

 

 

 

 
Source: Coelba Sustainability Report (2014) 

2.2  AES Sul Corporate Profile 

AES Sul is an electricity distribution company, member of AES Brazil Group, composed by 
companies in the segments of generation, distribution and services. 

AES Sul is located in the state of Rio Grande do Sul, southern Brazil. The state ranks fifth in the 
national emission ranking, 0.0937 Gt CO2e. Of this total, 49% were emitted by agriculture and 
28% by the energy sector, with the largest shares of the sub-sectors of transport and electricity 
generation, in accordance with the results found in the country’s emissions. 

The company holds the concession of 118 municipalities out of the existing 497, in the 
metropolitan regions and the Midwest of the state, covering an operation area of 99.5 thousand 
square kilometers. The total installed capacity is 1,900 MVA. In 2014, the company distributed 
9,530 GWh - an increase of 6.2% as compared to 2013 - to 1.3 million customers. 

Since 2013, GHG emission management has become part of the Governance System of the 
Impacts of Climate Change developed by AES Brazil, in order to evaluate the points of vulnerability 
and propose climate adaptation measures for all Group members. According to the commitment 
made by the Sustainability Platform, AES Brazil Group aims at a 10% reduction of GHG emissions 
by 2016, based on 2011. 

Table 3 shows some figures of AES Sul. 

 

 
Table 3.  AES Sul figures in 2014 
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Source: AES Sul Sustainability Report (2014) 

Table 4 shows the total GHG emissions of the AES Sul, as well as divided by scope, presented in 
the company’s emission inventory: 

Table 4. GHG Emissions of AES Sul in 2014 

Source: Designed by the authors, based on the GHG Protocol Brazil (2016) 

Figure 5 shows the representation of the three scopes in the GHG inventory of AES Sul and the 
categories that make up scope 3. Most of the emissions classified in scope 3 refer to activities 
related to fuel and energy, not included in scopes 1 and 2 (99.40% of the total and 99.99% of 
scope 3). 
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Figure 5. Representation of GHG Emissions (2014) of AES Sul by Scope 
Source: Designed by the authors, based on the GHG Protocol Brazil (2016) 

Figure 6 shows the location of the electricity distributors Coelba and AES Sul, in the Northeast and 
South of the country, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6. Location of Coelba and AES Sul 

Source: CFF (2016) 

3. Results and Discussion 
Following a worldwide trend, and to allow the comparison with other companies in this segment, 
we used the 2016 version calculation tool, available on the GHG Protocol website and adapted to 
the national scenario, to estimate the emissions generated by Coelba activities in 2014. 

3.1 Scope 1 
3.1.1 Mobile Combustion 

The mobile combustion of scope 1 is derived from the transportation of the company’s own fleet. 
For the sake of the calculation, the total annual fuel consumption was taken into account, 
considering the type of road transport, since most of the company’s transportation is done by 
motor vehicles (see Table 5). 
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Table 5. Estimated emission by mobile combustion – 2014 

 

 

 

 

 

Source: Designed by the authors, based on the GHG Protocol Brazil (2016) 

3.2 Scope 2 
3.2.1 Indirect GHG emissions from energy 

This category includes GHG emissions caused by the generation of the electricity consumed by 
the company, and by the loss of energy during distribution (see Table 6). 

The electricity consumption of Coelba was 16 GWh in 2014. However, the largest impact on the 
increase of the total CO2 emissions in this category is due to electrical losses (3,154 GWh in 
2014), and the increase in the electric energy emission factor of the National Interconnected 
System (SIN). 

Table 6. Estimated 
indirect GHG emissions 

from energy – 2014 

 

 

 

 
Source: Designed by the authors, based on the GHG Protocol (2016) 

The SIN is calculated based on the average emissions from electricity generation, considering all 
existing plants in the National Interconnected System, operating in a given period of time. 

The increase over the previous year is mainly due to the increase in the activation of the 
thermoelectric plants to ensure the national energy supply. 

 

 

 

 

 

 

 

 

 
Figure 7. Evolution of the average emission factor of SIN 

Source: MME (2015) 

3.3 Scope 3 
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3.3.1 Purchased Goods and Services 

In this category, only the emissions caused by the transportation and distribution of goods and 
services purchased by Coelba in 2014 are taken into account. For the calculation of these 
emissions, we were analyzed all material purchases made by the company: the mileage from the 
origin to the delivery of the product in the warehouse, weight of the material, number of trucks/trips 
(see Table 7). 

Coelba receives the material and distributes it to the service providers who work in its 23 business 
units throughout the state of Bahia. This material is redistributed to be used in the construction 
sites of the company. All that transportation was considered for the sake of mileage calculation. 

Table 7. Estimated emission of goods and services – 2014 

Source: Designed by the authors, based on the GHG Protocol Brazil (2016) 

In this category, we did not consider the emissions of services consumed by the company, such as 
telephone, water etc. The methods of calculations for service emission are being analyzed for this 
item to be covered in the next version of the inventory. 

 

3.3.2 Fuel- and energy-related activities, not included in scopes 1 and 2 

We considered all the energy acquired for distribution to final consumers, excluding the company’s 
own consumption (see Table 8). This item is also influenced by the variation of the SIN emission 
factor. 

 

Table 8. Estimated emission of fuel- and energy-related activities, not included in scopes 1 and 2 - 
2014 

 

 
 

 

Source: Designed by the authors, based on the GHG Protocol Brazil (2016) 

 

3.3.3 Business trips 

The business trips made by employees were divided into air and land, because they use different 
emission factors. 

For air travel, we used the 2016.0 version auxiliary tool of the GHG Protocol to calculate fractional 
transport emissions, which already informs emissions based on information from the airport of 
origin and of arrival, and the number of parts (see Table 9). 
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Land travel might occur using the company’s own fleet, a taxi or a bus. The trips made by its own 
fleet were considered within scope 1, in the mobile combustion category, because it was not 
possible to target the fuel used by the fleet to perform service and to travel. For trips made by taxi, 
it was computed the mileage used in the year (see Table 10). This information was available in the 
SAP R3 system, in the monitoring of the service contract. The other trips taken by bus were not 
included in this version of the inventory. The company is trying to gather this information, because 
there is no specific control. 

 

Table 9. Estimated emission of air business trips – 2014 

Source: Designed by the authors, based on the GHG Protocol Brazil (2016) 

Table 10. Estimated emission of land business trips – 2014 

Source: Designed by the authors, based on the GHG Protocol Brazil (2016) 

3.3.4 Employees commuting 

This category corresponds to the emissions associated with the employees commuting from their 
residence to the workplace during the year. 

Coelba had 2,517 employees in 2014, with 1,417 residents of the metropolitan area and 1,100 in 
the countryside. 

Adopted criteria for the choice of vehicle: 

• Buses: for all employees who received transportation assistance; 

• Car and motorcycle: for all employees who were in the company’s vehicle registration; 

• No motor vehicle: for everyone who lived within 2.5km from the company. 

For the commuting calculation, we checked the distance between the home and the workplace 
using Google Maps, considering commuting to and from work. For those employees who 
commuted by car, we adopted a percentage of 20% more for the lunch time (see Table 11). 

The 9,157 employees of service companies were not considered in this version of the inventory. 
The company is trying to find ways to gather information to enable the calculation or the adoption 
of criteria. 

Table 11. Estimated emission of employees commuting – 2014 
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Source: Designed by the authors, based on the GHG Protocol Brazil (2016) 

3.4 Total Emission 

Table 12 shows the total GHG emissions of Coelba that was calculated and sorts out by scope: 

 

 

Table 12.GHG emissions of Coelba in 2014 

 

 

 

 

 

 

 

Source: Designed by the authors, based on the GHG Protocol Brazil (2016) 

Figure 8 shows the representation of the three scopes in the Coelba GHG inventory. Most of the 
emissions classified in scope 3 is regards fuel- and energy-related activities not included in scopes 
1 and 2 (84.77% of the total and 99.48% of scope 3). Even though it is not compulsory, we 
observe the relevance of the calculation of emissions in scope 3. 

Figure 8.  Representation of Coelba GHG emissions by scope 

Source: Designed by the authors, based on the GHG Protocol Brazil (2016) 

3.5 Comparative analysis of Coelba and AES Sul 

Table 13 shows GHG emissions from activities of Coelba and AES Sul, segmented by scope and 
by categories. The boxes with ND have not been calculated by the corresponding company. This 
fact leads to comparison constraints, because, as can be seen in Table 16, in the AES Sul 
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inventory, there are not any data on emissions from transportation of purchased goods and 
services nor on employees commuting (home-workplace). As to Coelba, it was not possible to 
calculate fugitive emissions. 

 

Table 13. GHG emissions (tCO2e) in 2014: Coelba and AES Sul 

 

 

 

 

 

 

 

 

Source: 
Designed by the authors, based on the GHG Protocol Brazil (2016) 

To enable the comparison of the emissions of the two companies in the same segment, but with 
very different characteristics in terms of scale, we defined some criteria, presented in Table 14. 

Table 14. Criteria for index calculation: Coelba and AES Sul 

Source: Designed by the authors 

Table 15 shows the index results: 

Table 15. Calculated indices of Coelba and AES Sul 

Source: Designed by the authors, based on the GHG Protocol Brazil (2016) 

The mobile combustion index varies due to the type of fuel and amount of kilometers covered or 
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consumed liters. Coelba displayed a better index than AES Sul, even using diesel and gasoline in 
99.75% of its fleet. This raises the hypothesis that Coelba better optimizes the use of vehicles for 
the provision of services than AES Sul does. 

The indices of indirect GHG emissions of energy (Scope 2) and fuel- and energy-related activities 
not included in scopes 1 and 2 (scope 3) of AES Sul are much higher than the ones of Coelba. 
These categories are calculated based on the amount of energy distributed to consumers. 

Despite the fact that   Coelba has a number of consumers over four times greater than AES Sul 
does, the consumers of AES Sul have much higher average consumption than the consumers of 
Coelba. Among residential consumers of AES Sul, in 2014, only 8.8% were classified as low-
income consumers. In Coelba, this percentage increases to 42.07% (ANEEL, 2016). 

Coelba presents the business trip index 4 times greater than AES Sul. The biggest impact is 
related to air travel. This can be explained by the fact that Coelba is part of a group of companies 
presented in different regions of the country. Whereas AES Sul is part of a group of companies 
concentrated in the South and Southeast. 

Three criteria for analysis of total emissions were used: workforce, distributed power and energy 
losses. 

The workforce involves all employees, including the outsourced ones, providing service to the 
company. Coelba’s workforce is almost four times greater than AES Sul’s, contributing to the fact 
that the amount of tCO2e per workforce is very much reduced when compared with AES Sul. 
However, Coelba total emissions do not include the emissions related to the activities of 
outsourced employees, such as commuting and business trips. 

The tCO2e/GWh index demonstrates how much GHG the companies emit to distribute 1 GWh of 
energy. AES Sul shows greater efficiency (148 tCOe/GWh) than Coelba (160 tCOe/GWh). 
However, this result is incomplete, because the inventories of the two companies still have several 
limitations, especially regarding the computation of emissions of scope 3. 

As to the KWh/tCO2e index, it shows how many kWh are lost for each generated tCO2e. AES Sul 
(0.77 KWh / tCO2e) also showed greater efficiency in the process of losses than Coelba (1.07 
KWh / tCO2e). The total amount of technical and commercial losses of AES Sul is smaller than 
Coelba’s. It can be related to differences between the consumer profiles of each company. 

4. Conclusions 
The GHG inventory allows us to identify opportunities for improvement in operational efficiency as 
well as cost savings, because it allows companies to understand their GHG emission profile and 
the impacts on the environment, besides encouraging the adoption of sustainable practices 
throughout the market. 

In addition, companies that already produce the GHG inventory are anticipating a market trend, 
since Brazil has already committed itself to a voluntary GHG reduction and it has developed 
sectoral plans. 

The preparation of the GHG inventory of the activities of Coelba and the comparison with AES Sul 
inventory show the importance of such monitoring process by the companies. 

This study has some limitations that prevent further comparative analysis, including: the scale 
economies between the two companies are very different, and the limitations arising from not 
estimating GHG emissions of some categories, more specifically those relating to scope 3. Since 
scope 3 is not mandatory, many companies do not calculate the emissions from all categories of 
this scope, often due to lack of information or to the cost to obtain the necessary information for the 
calculation of some categories of this scope. 

For instance, for this article, some issues were not considered in the calculation of Coelba 
inventory: a) emissions of some services consumed by the company, such as telephone, water 
etc. b) bus trips made by employees, since there is no specific control of that information by the 
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company; c) emissions caused by employees of service providers were not considered, because 
the company is still trying to find ways to gather information; d) fugitive emissions etc. 

To continue this work, it is recommended: i) the calculation of Coelba GHG emissions from all 
categories not considered in this article; ii) the realization of a further comparative analysis of 
Coelba with other power distribution companies in Brazil that have GHG inventories, rather than 
AES Sul. 
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Abstract 
A recent publication from the IEA (OECD/IEA, 2014) shows that initiatives, programme or projects 
aiming at enhancing energy efficiency (EE) can provide multiple benefits to the economy and 
society in addition to energy savings. These benefits can for instance be an improvement of 
inhabitants’ health in the case of building renovation. Publications on the topic are so far very 
limited since the focus of researchers in this field is rather set on quantifying energy savings, i.e. 
mainly economic and environmental impacts. Such approaches do not enable to assess the full 
economic, environmental or social impacts of energy efficiency improvements since not all impacts 
are quantifiable. Additionally, the multiple benefits of energy efficiency can also originate from 
initiatives that do not have energy savings as a primary goal. This is the case for instance of 
initiatives at a city or region level that aim at reaching energy autonomy and ensure a secured 
supply of energy to the inhabitants and companies of the city or region. Such a context is typical in 
Austria where more than a hundred so called “Energy Regions” were created in the past few years 
(Klima- und Energie-Modellregionen, 2015). The aim of this research is to show what multiple 
benefits can be expected from Energy Regions in Austria and analyse if these are similar to the 
ones identified by the IEA or if Energy Regions can expect any other multiple benefits of EE. This 
research is conducted via the qualitative content analysis of case-studies in Austria (project reports 
and scientific papers) according to Mayring and Gläser-Zikuda (2008). A focus is set on project 
and papers aiming at deriving policy recommendations or creating new business models for 
Energy Regions. Such analysis is complemented by a literature review (Fink, 2005) on the topic of 
multiple benefits of EE in Austria. The results show that Austrian Energy Regions can expect to 
benefit from the same benefits as the one identified by the IEA such as energy security, job 
creation or resources management. Additionally, the Energy Regions can also benefit from 
aspects that are specific to the Austrian context such as more motivation for cities that are not yet 
part of Energy Regions based on best practice examples of successful Energy Regions; an 
increased social value of the regions via the stimulation of networking between energy experts, the 
public administration and researchers or else; a stronger identification of inhabitant to their city and 
region and a higher acceptance for technological changes. The analysis also reveals that some EE 
initiatives may be counterproductive and hence bring “negative benefits” to the overall transition of 
Energy Regions towards energy independence. The results show that beyond the multiple benefits 
of EE identified by the IEA, there is also a need to identify country and region specific benefits. 
These benefits may indeed support project leaders, public utilities and inhabitants towards EE or 
non-EE related initiatives and hence contribute to economic, environmental and/or social value 
creation for cities and regions in Austria. 

Keywords: Energy efficiency, energy regions, multiple benefits, Austria 
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Abstract 
The Sustainable Development philosophy can be regarded as the most multi-, inter-, cross- and 
trans-disciplinary field of study. Sustainable Development has three principal dimensions which are 
the social / ethical, economic and environmental, and there are numerous implications which 
emerge from varying degree of interpolations and extrapolations of these dimensions. On the other 
hand, Climate Change, which is also a relatively new field of study, has been evolving as yet 
another significantly multi- and inter-disciplinary field of study. This field covers not only drivers and 
impacts of Climate Change but also Climate Change Mitigation and Adaptation which touch across 
a whole host of other fields of study ranging from the environment to socio-economic factors. So in 
the context of diversity of constituting subject areas, both Sustainable Development and Climate 
Change have substantial commonality. However, this commonality has so far been studied 
insufficiently, and therefore, there is a need of furthering the knowledge specifically on how the two 
with such a high degree of diversity and commonality can be related to each other in a supporting 
manner – ‘hitting two birds with the same stone’. This paper is to advance knowledge in this 
direction, specifically employing the UK’s Climate Change Act 2008 as a vehicle, which legally 
binds the country to cut emissions of greenhouse gasses by at least 34% by 2020 and by 80% by 
2050 compared with 1990 levels. This paper investigates the UK’s housing sector as a case study 
and carries out explicit mathematical calculations to demonstrate that even partly insulating the 
existing housing stock of the UK, how the aforesaid legal targets of the Act can be met. In doing 
so, the clear links are drawn between Climate Change and Sustainable Development that how 
come steps taken to tackle Climate Change can directly and indirectly be helpful to meet the 
national sustainability agenda.  

Keywords: Sustainability; Sustainable Development; Green House Gases (GHG); Carbon 
Emissions; Energy Efficiency; Energy Management; and Climate Change Act 2008. 
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Biofuels face the current energy paradigm 
Luzia Mendes Oliveira, Nelson Correia, and Egas Mascarenhas 
 

Abstract 
The discussion on biofuels had great relevance in the wake of successive increases in oil prices 
and later, with the emergence of problems surrounding global warming, a phenomenon resulting 
largely from the use and transformation of energy in various human activities, mainly in the 
transport sector. Biofuels can be a solution for building a low-carbon society and decreasing 
dependence on fossil fuels. The current energy paradigm, shows a trend for a decreasing for oil 
price and exploration of new forms of unconventional fuels (e.g. shale gas, oil sands), 
paradoxically to the future trend, where countries will have to take steps to make the compromises 
of Paris COP 21, meaning necessarily an energy transition. Both 4th and 5th reports of IPCC 
highlights, the importance of biofuels in the mitigation of greenhouse gases. They predict for 2030 
an availability of technologies on the market for the production of 2nd generation biofuels to use in 
the transportation sector. Nowadays, renewable energy is about 19% in world energy matrix in 
which, biofuels, according to the International Energy Agency, represent a little more than 0.5%. If 
during a period, biofuels were seen as something profitable from an environmental economic and 
political point of view, since 2008 from now, they began to be highly contested in several ways 
such as: the threat to food security; low capacity in reducing emissions of greenhouse gases; 
contributing to reduction and loss of biodiversity and to soil and water contamination. On the other 
hand, new approaches have been explored the tradeoffs and synergies between different 
components of sustainability and climate change, highlighting the positive impact of biofuels on 
improving the living conditions of populations. The scope of this research was to analyze the 
controversies and arguments in favor of biofuels and growth prospects facing new climate 
challenges. Therefore, basing on literature review of various documents including developed 
policies in the producers countries; the increasing of strategy in the market and their impact on 
people's life and the environment. As conclusion, we emphasize: due to the controversy, producers 
countries have adopted policies consistent including legislation to guarantee a sustainable 
production and have invested in the research of technology for greater projection in the market; 
towards new developments in global climate policy and the necessity to change the current energy 
paradigm, biofuels have an important role to decarbonize the transport sector. Finally to overcome 
the critical side of biofuels production, all its policies should always be considered the economic, 
social and environmental balance. 

 Keywords: biofuels; climate change; energy paradigm. 
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The energy transition in Portugal: business strategies, policy and 
context shifts   
Isabel Salavisa , Cristina Sousa  and Teresa Calapez  
 

Abstract 
Portugal is an interesting case study in energy transition, due to its successful and rapid move 
towards renewable energy. A new sector has been formed at the confluence of technological 
opportunities and strong policy incentives, with the creation of a large number of new technology-
intensive firms and the entry of some major incumbents into the business. This paper focus on the 
strategies deployed by the firms, taking advantage of the evolution of technologies, scale 
economies and more favourable market conditions, while also facing policy shifts, macroeconomic 
constraints and uncertainty. With the Portuguese budgetary crisis, severe restrictions impacted the 
sector, combining the decrease of incentives with a substantial rise of uncertainty. However, 
favourable shifts have also been at work. In fact, technologies have become more cost-effective, 
albeit at a differential pace in the various technological areas. Innovation and market strategies 
have played a major role in the way companies have dealt with these contextual shifts. These 
strategies have had distinct degrees of success due, among other aspects, to the heterogeneity of 
technological areas within the renewable sector. In addition, other policies have affected the sector 
such as European anti-dumping measures. We adopt a framework that: a) addresses context 
shifts (domestic and European policy, operating in domains such as the development of 
technologies, business supportive schemes, R&D support, and fiscal and trade policy; world 
competition; public acceptance) and their impact on the companies’ strategies; b) takes into 
account the distinctive evolution path of the various renewable energy technologies; c) addresses 
the interplay between firms’ innovation and market strategies. The framework is applied to 60 
Portuguese renewable energy technologies firms. Data were collected through detailed interviews, 
based on a semi-structured questionnaire, with the founders or CEOs, complemented with 
extensive documentary information. The analysis permitted to identify: 1) the existence of 
distinctive strategies according to dimensions such as the technological area or the company´s 
origin; 2) the adequate matches of innovation and market strategies; 3) the impact of perceived 
obstacles and opportunities on the companies’ strategies and achievements; 4) the evolution 
prospects. Conclusions draw on the Portuguese case aiming to contribute to the general debate on 
energy transition. 

Keywords: renewable energy technologies; energy transition; business strategies; innovation 
strategies; renewable energy policies. 
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Abstract 
The vast majority of the 2.4 Million population in Namibia does not benefit from sustained access to modern 
energy. This concerns both rural and urban populations although unevenly affected. In rural areas, where 
population is scattered over a large territory, communities are mainly relying on biomass fuelwood and 
paraffin uses for cooking and lighting, and have very scarce access to imported gasoline for transportation. 
In addition, the vast majority of rural households are disconnected from the electric grid and renewable 
energy systems, like photovoltaic (PV) systems, remain marginal. In urban settings, although access to 
transportation fuels and services is made easier, about a third of the households do not have sustained 
access to electricity. Overall, lack of electricity access concerns about half the population of Namibia. 
Despite these issues, communities suffer from the paradoxical situation of scarcity in abundance that 
characterizes most countries of the Southern Africa region. Namibia’s territory benefits from an abundance of 
resources with one of the highest rates of annual solar radiation on the planet, high wind energy potential 
especially in the coastal areas, and one of the largest uranium deposits worldwide. Yet, achieving 
sustainable energy access in Namibia faces many technical and societal challenges on the supply side. The 
paper focuses on the challenges posed to the generation of electricity in Namibia. The study intends to 
support policies on energy access, efficiency and security providing an integrated assessment of alternative 
energy systems at national level. The integrated analysis of the energy metabolism in Namibia is based on 
the MuSIASEM approach (Multi-Scale Integrated Analysis of Societal and Ecosystem Metabolism). 
MuSIASEM is capable of keeping coherence of information referring to different dimensions and different 
scales of analysis. This accounting method can be used as: (i) a diagnostic tool – describing the current 
energy matrix in Namibia; and (ii) a simulation tool – characterizing the desirability, viability and feasibility of 
some scenarios based on policy options considered as relevant by the Government of Namibia. We 
investigate the potential for three energy scenarios: nuclear power, concentrated solar power (CSP) and 
wind power. These scenarios refer to the deployment of large-scale energy systems. Looking at 
environmental, economic and societal constraints, we compare the potentials of these three alternative 
energy technologies on the domestic supply of electricity generation. The integrated analysis shows that the 
development of large-scale energy projects is limited by economic costs, spatial constraints, resources 
availabilities and/or insufficient institutions. The study reveals that the supply of large-scale energy 
technologies alone cannot lead to sustainable energy access in Namibia. Rather, the potential of 
disconnected small-scale renewable energy systems should be assessed, especially in remote areas. 
Consequently, rather than focusing on alternative energy systems, we claim that more attention should be 
given in energy policies to alternative development pathways. This requires revisiting the conventional 
paradigms of clean energy and development typically adopted by governmental and international institutions. 
Curbing the paradox of sustainable energy access in Southern Africa calls for more holistic approaches. 

Acknowledgement: This study was carried out under the EDULINK II project "Participatory 
Integrated Assessment of Energy Systems to Promote Energy Access and Efficiency" 
(PARTICIPIA), contract DCI-AFS/2013/320-333. 

Keywords: integrated analysis, energy security, nuclear power, concentrated solar power, wind 
power 
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Carbon reductions through composting food waste for food production: 
Understanding people’s experiences, drivers and challenges of 
composting in different urban settings 
Belinda Christie and Vivienne Waller 
 

Abstract 
Due to population growth and the increase in single person households, food waste is rising in 
many nations. One-third of the food produced globally is wasted every year, much of it entering 
landfill. As one of the largest emitters of methane, landfill directly contributes to climate change. 
The efficient diversion of food waste from landfill through composting can therefore help abate 
global emissions. Large scale, and high density, cites (such as New York, Portland, San Francisco, 
and Vancouver) have proven the success of using offsite composting to divert food waste from 
landfill. What is unknown however is how different systems for onsite composting compare with 
offsite composting in reducing greenhouse gas emissions, producing quality compost for growing 
food, and encouraging people’s engagement in the compost process. As cities throughout world 
consider alternatives to landfilling food waste, the need to understand the experiences, attitudes, 
drivers and challenges to people’s engagement with composting is critical. Without such 
understanding, efforts to divert food from landfill will be ineffective. Therefore an Australian 
Cooperative Research Centre (CRC) for Low Carbon Living study is currently being undertaken by 
Swinburne University, Melbourne, and the University of South Australia, Adelaide. The project 
pilots various models for composting household and commercial food waste, for the purposes of 
growing food. In particular, it compares different models of on-site composting (such as worm 
farms and ‘in-vessel’ 24 hour composters) and off-site composting (kerbside collection) in different 
urban settings (offices, multistorey apartment buildings, suburban houses, cafes and commercial 
kitchens, among others). The study investigates three domains: which systems are most effective 
in reducing greenhouse gas emissions, which produces the better compost product, and which are 
the most successful in engaging people in composting processes. This presentation will present 
the preliminary findings from the latter social research domain of the study. Results from case 
study interviews, focus groups, questionnaires and observations conducted with people involved in 
food separation and composting at the various sites will be discussed. In doing so, the 
presentation will explore questions such as, how do people understand and experience food 
separation and composting, what are the drivers and challenges toward people’s engagement in 
food separation, composting, use of compost itself and in growing food, and how does composting 
food waste for food production contribute to community building? The lessons learnt from this 
study will be of interest to those wishing to identify opportunities, constraints and solutions to 
creating sustainable cities and reducing urban greenhouse gas emissions.  

 

Keywords:  greenhouse gas emissions, sustainable practices, cities, landfill, food systems  



22nd International Sustainable Development Research Society Conference (ISDRS 2016), Vol. 1 
School of Science and Technology, Universidade Nova de Lisboa, Lisbon, Portugal, 13-15 July 2016 

 

759 
 

Electricity saving potential in the small business service sector – case-
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Abstract 
Energy is a crucial challenge for sustainable development. Among the options to reduce 
consumption and greenhouse gas emissions, energy efficiency is recognized as the most 
promising one. In the EU, a number of studies have identified an economic saving potential 
between 20% and 30% for the service sector, which remains mostly untapped. Although the topic 
of energy efficiency has been explored in depth before, there is little organized information about 
the service sector and, in particular, about its small and medium enterprises. In 2013, this sector 
was responsible for 34% of the final electricity consumption of Portugal. In this context, the main 
objective of the present study is to explore the electricity saving potential in the small business 
service sector. The selected case-study was Telheiras, a neighborhood of Lisbon, where 13 
establishments were subjected to detailed energy audits and 37 to simpler walk-through audits. 
This information was extrapolated for a total of 107 similar establishments in the neighborhood. 
The detailed energy audits indicate an average cost-effective saving potential of 39% of current 
energy consumption. If only measures with payback period under three years are accepted, the 
saving potential is of 27% of current consumption, with an average investment of 317 € per 
establishment. In the 107 establishments of Telheiras, this translates to annual savings of 218 
MWh. The extrapolation of this high profitability potential to the national scale suggests a reduction 
of 1% to 2% of Portugal’s electricity consumption. One way to achieve this potential is to contract 
energy efficiency services. However the owners of these establishments seem to prefer the 
involvement of local actors in detriment of large energy utilities. The main driver of action is the 
need to cut costs and the main barriers are the low priority given to energy and insufficient 
knowledge. The introduction of an energy audit program could provide the needed support for the 
adoption of energy efficiency measures.  

Keywords: energy efficiency, service and commerce sector, small and medium enterprises, local 
case study, drivers and barriers 

1. Introduction 
Energy is the vital force of human society. However the scale of its consumption is causing serious 
negative consequences in earth’s atmosphere, hydrosphere and biosphere (Bilgen, 2014). In this 
context, it is crucial to transform the current energy system with a transition to renewable sources 
and efficient use (Leijten & Bolderdijk, 2014).  

Energy efficiency is widely recognized as the most cost-effective and readily available option to 
deal with the problems associated with energy, with multiple benefits to society (IEA, 2014). The 
World Energy Council (WEC, 2013), among many other authors, states that there is a significant 
potential for improvement in energy efficiency, which remains mostly untapped. Although energy 
efficiency improvement appears to be an attractive goal, progress has been slow. This energy 
efficiency gap is caused by a series of barriers that hinder the implementation of cost-effective 
measures (IEA, 2012). 

Buildings account for 40% of final energy consumption in the European Union (EU) and present 
the largest energy saving potential among major energy consuming sectors (Eurostat, 2015). 
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PwC et al. (2014) have estimated an economic saving potential of 28% for the final energy 
consumption of the service sector in the EU until 2030, in comparison with a reference scenario 
(the service sector includes all the activities associated with commerce, finance, public 
administration, health, food services, lodging, education and other services). 

Since 2005, Portugal’s final energy consumption has been decreasing, due to the combined 
effects of economic crisis, efficiency policies and technological progress. However, the energy 
intensity of productive sectors in Portugal is still 27% above the average value for the EU 
(Government of Portugal, 2014). In 2013, buildings accounted for 30% of final energy consumption 
and the service sector was the second largest electricity user with 34% of total consumption 
(DGEG, 2016). In particular, the low voltage electricity consumption of the service sector (mostly at 
230 V) constitutes 15% of Portugal’s total consumption (DGEG, 2015b). 

In comparison with industry and transports, the service sector is less energy intensive. However, in 
recent years it showed the largest growth among economic activities in the EU, prominently in 
electricity consumption (Eurostat, 2015). In Portugal, services final electricity consumption more 
than doubled between 1990 and 2013. In 2013, electricity satisfied around 75% of the sector 
energy needs. More importantly, energy intensity deteriorated in comparison with 1995 levels 
(DGEG, 2016). In 2013, the energy intensity of services was 5.5 MWh/employee/year (Odyssee, 
2016). The specific consumption per area for non-domestic Portuguese buildings was 
237 kWh/m2/year in 2008 (Entranze/Enerdata, 2013).  

Several authors (eg. Gruber et al., 2008; PwC et al., 2014) state that the main end uses of 
electricity in the EU’s service sector are lighting, HVAC systems, and other equipments. Data from 
Portugal (DGE, 1994) and the USA (D&R International, 2012) indicate that food services, food 
sales and healthcare are the most energy intensive subsectors. As the consumption patterns differ 
significantly among subsectors, it is necessary to gather information on individual activities (IEA, 
2014). 

In several large services buildings in European countries, Gruber et al. (2008) identified achievable 
electricity savings potentials of around 20% of current consumption, with few differences between 
subsectors. The present levels of energy efficiency adoption vary between subsectors and 
enterprises, with office activities and larger corporations taking the lead (WSBF & Carbon Connect, 
2013). The main driver for improvement of energy efficiency in the service sector (as elsewhere) is 
reduction of operational costs (Retail Forum, 2009). 

In the service sector, Schleich & Gruber (2008) suggest that the main barriers to energy efficiency 
are split incentives (investment and operations do not have the same decision-makers), insufficient 
knowledge about current consumption and lack of information about specific measures. In 
particular, many barriers remain in small and medium enterprises (SME) where energy has a low 
priority and no resources are allocated for its management (Fleiter et al., 2012). Also, SME of the 
service sector often suffer financial difficulties and do not consider investments with a return period 
greater than three years (WSBF & Carbon Connect, 2013); similar results were found for industrial 
SME in Portugal (Brazão & Melo, 2012). Experiences in Germany show that the existence of an 
energy audit program focused in this sector can help to overcome some of the barriers to energy 
efficiency (Schleich & Gruber, 2008). 

An energy audit is an important tool for exploring the energy saving potential of a building or 
activity (EC, 2013). However the implementation of the proposed energy efficiency measures is 
also crucial. Specific measures include the upgrade or renovation of equipments, the management 
and operation of systems and the behavior of individuals. 

2. Methods 
The main goal of the study was to explore the energy saving potential in the small business service 
sector. The selected case-study was Telheiras, a neighborhood of Lisbon, with an area of 51 ha 
(figure 1). 
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Figure 1. Limits of Telheiras neighborhood, Lisbon, and location of establishments studied 

The first step was a census of all commerce and services establishments in the area, conducted in 
March 2015. The establishments were divided according to size (large or small) and type of activity 
(general shops, refrigerated products, food services, health and beauty, cultural association, print 
shop, offices, and others). In March 2015, there were 160 service and commerce entities in the 
neighborhood, of which 148 were small establishments. As a matter of priority, establishments 
classified as offices and as others were excluded from the scope of the study (offices have been 
the object of many other studies, and “others” were too diverse for a meaningful analysis), leaving 
107 establishments as the study universe. Of these, 50 establishments were subjected to energy 
audits (13 detailed audits and 37 walk-through audits). 

Thirteen establishments were subject to detailed energy audits in order to identify their energy 
consumption patterns, specific efficiency measures and investment costs, saving potentials, and 
specific energy consumption indicators. Electricity consumption data were collected through direct 

measurements, technical specifications of equipments and patterns of use provided by the 
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owners. Energy efficiency measures were identified with information from the literature and from 
market research. Selected measures are presented in table 1. 

Table 1. Energy efficiency measures recommended in the scope of the detailed energy audits 

Electricity end use Description of the energy efficiency measure 

Upgrade to LED light bulbs 
Lighting 

Installation of movement sensors and light sensors 

Cooking Elimination of phantom load 

Purchase of efficient equipment 

Proper maintenance Refrigeration 

Installation of glass doors in open displays 

Hygiene and cleaning  Purchase of efficient equipment 

Office equipment Elimination of unnecessary consumption and of phantom load 

Installation of solar thermal systems 
Water heating 

Deactivation during holidays 

Purchase of efficient HVAC equipment 

Good practices in the operation of air conditioning units Climatization 

Rehabilitation of constructive elements 

 

The energy saving potential was calculated depending on the payback time on investment, with a 
discount rate of 7% and with 2015 energy prices (ERSE, 2015). The savings potential was 
separated in four types: technical potential (no restrictions), economic potential (payback time 
shorter than 15 years), medium profitability potential (payback time shorter than 6 years) and high 
profitability potential (payback time shorter than 3 years). The cost of avoided consumption was 
computed for the lifetime of the measures (ERSE, 2013). The information from individual audits 
was aggregated by category of activity. An average retail category and an average small 
establishment category were created on the basis of the number of establishments in the 
neighborhood. Specific energy consumption indicators were calculated for shop area, number of 
employees, number of working hours, and number of clients. 

For the other 37 establishments, a simpler walk-through audit was performed to verify the 
opportunities and difficulties recognized before. This allowed for an extrapolation of the results 
obtained in the detailed audits to the neighborhood scale. 

Finally, the combination of case-study data with national statistics supported a tentative 
extrapolation of the results to the national scale. This procedure was executed for the relevant 
activities on the basis of the low voltage electricity consumption statistics (DGEG, 2015a) and the 
number of workers in enterprises with less than 10 persons employed (INE, 2016). 

3. Results and discussion 
The results of the 13 detailed audits were aggregated according to the activity of the 
establishments and are shown in table 2. The most energy intensive categories are refrigerated 
products commerce and food services and the less energy intensive is general commerce.  

These results concur with those previously reported by DGE (1994) for Portugal and D&R 
International (2012) for the USA, in terms of hierarchy of specific consumption, although actual 
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values vary widely. The comparison with the specific consumption per area (Entranze/Enerdata, 
2013) and per employee (Odyssee, 2016), reported for Portugal’s service sector as a whole, 
indicates that the small business service sector is less energy intensive. 

Table 2. Average specific energy consumption in fully audited establishments 

Specific energy consumption indicators 
Activity 

Cost per 
establ. 

(€/year) 

Consumption 
per establ. 
(MWh/year)     

Retail 1 262 5.9 106 3.4 2.0 1.1 

  - General 570 2.3 39 1.4 1.0 0.9 

- Refrigerated 5 788 28.4 531 15.8 8.3 2.0 

Food services 3 263 15.5 271 10.2 5.8 3.3 

Health and beauty 680  2.9 92 1.6 1.2 1.4 

Cultural association 691 3.2 45 3.2 1.0 0.9 

Print shop 1 045 3.4 50 1.7 1.1 1.1 

Average 1 609 7.3 138 4.6 2.7 1.7 

 

During the energy audits, energy consumption was divided by type of use, with the results shown 
in figure 2. For the average establishment, the main end use is the HVAC system, with heating and 
cooling presenting similar shares, followed by lightning and refrigeration. 

The comparison with data concerning the service sector of the EU (Gruber et al., 2008; PwC et al., 
2014) confirms the importance of the HVAC system and lighting, although in reverse order. This 
difference may be explained by better availability of sunlight during office hours in Portugal, 
warmer climate, and different architecture and construction standards (poor construction often 
prevailing in Portugal). 
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Figure 2. Average energy consumption by end use and category of activity 

The implementation of the suggested energy efficiency measures allows the energy savings 
presented in figure 3, in comparison with current consumption. The average investment cost per 
establishment to attain these electricity saving potentials is presented in table 3 for each category 
of activity. A reduction of an average of 6% of current consumption is attainable through behavioral 
measures with no investment costs. 

The comparison between the saving potentials presented in this study and the ones calculated by 
Gruber et al. (2008) and by PwC et al. (2014) for the service sector in various European countries 
confirms the plausibility of results obtained. In fact, the economic saving potential identified through 
energy audits in small establishments of the service sector appears to be superior to the values 
identified by Gruber et al. (2008) through energy audits in large service buildings. 

 
Figure 3. Average savings potential in comparison to current consumption for the different activities 

Table 3. Average investment per establishment to attain energy saving potentials 

Investment to attain energy saving potentials (€/establishment) 
Activity Technical 

potential 
Economic 
potential 

Medium 
profitability pot. 

High profitability 
potential 

Retail 7 220 871 490 346 

  - General 7 539 612 225 82 

- Refrigerated 5 199 2 512 2 164 2 023 

Food services 4 983 2 383 1 224 526 

Health and beauty 7 509 622 175 109 

Cultural association 1 813 240 184 175 

Print shop 3 292 133 96 96 

Average 6 156 1 123 568 317 

 

Recommended energy efficiency measures focus in the various electricity end uses. For the 
average establishment, the saving potentials for each end use are presented in table 4.  

The greatest cumulative savings with high profitability for the average establishment are available 
in refrigeration, followed by lightning and the HVAC system. Climatization presents the greatest 
technical cumulative savings potential; however the costs of the whole package of measures are 

often high, because they involve rehabilitation of construction elements. Typically 
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construction rehabilitation is performed with the major goal of improving comfort, with the bonus of 
saving energy in the long run. 

 

 
Table 4. Energy saving potentials by end use for the average fully audited establishment  

Saving potential (% of current consumption) 
Electricity end use 

Technical Economic Medium 
profitability High profitability 

Lightning 72 72 69 67 

Cooking 35 34 34 34 

Refrigeration 55 34 21 13 

Hygiene and cleaning 6 0 0 0 

Office equipment 43 43 43 43 

Water heating 74 26 5 1 

Climatization 58 28 22 17 

 

The exploration of the identified potentials produces cumulative energy savings during the lifetime 
of the energy efficiency measures. Table 5 shows the cost of avoided consumption during the 
lifetime of the energy efficiency measures.  

For the economic saving potential, the results show that the cost of avoiding the consumption of 
one kWh is smaller than the cost of purchasing one kWh. In addition, it is cheaper than producing 
electricity through both renewable and conventional sources, contributing to the perspective that 
energy efficiency should be the priority in Portugal’s energy policy.  

Table 5. Cost of avoided consumption in the lifetime of the measures in fully audited establishments 

Cost of avoided consumption (€/avoided kWh) 
Activity Technical 

potential 
Economic 
potential 

Medium 
profitability pot. 

High profitability 
potential 

Retail 0.364 0.037 0.021 0.012 

  - General 0.407 0.039 0.021 0.010 

  - Refrigerated 0.046 0.025 0.023 0.021 

Food services 0.063 0.030 0.022 0.013 

Health and beauty 0.278 0.036 0.017 0.013 

Cultural association 0.080 0.015 0.012 0.012 

Print shop 0.177 0.010 0.008 0.008 

Average establishment 0.252 0.033 0.019 0.013 

 

Crossing information from detailed energy audits, walk-through energy audits and the census of 
commerce and services establishments allowed an estimation of the annual energy consumption 
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for 107 establishments that formed the study universe (table 6). 
Table 6. Estimate of annual energy consumption of 107 service establishments in Telheiras 

Energy consumption (MWh/year) Extrapolation 
method 

Activity 
Nº of 

establishments 
Area Nº of 

employees 
Nº of working 

hours 
Average 

General commerce 87 86 86 93 88 

Refrigerated commerce 170 190 213 175 187 

Food services 418 461 760 545 546 

Health and beauty 69 90 81 69 77 

Cultural association 29 31 29 21 28 

Print shop 10 9 10 9 10 

Total 783 867 1 179 912 936 

The extrapolation of the identified energy saving potentials to the neighborhood scale is presented 
in table 7. The exploration of the high profitability saving potential, where the long term benefits are 
13 times larger than the initial costs in the perspective of the enterprises, seems to be particularly 
attractive. The annual savings associated with this potential in the 107 establishments of Telheiras 
could provide enough energy to satisfy the annual needs of 28 Portuguese families. 

Table 7. Estimate of annual energy savings potential in 107 service establishments in Telheiras 

Annual energy saving potentials (MWh/year) 
Activity 

Technical Economic Medium 
profitability High profitability 

General commerce 55 38 30 22 

Refrigerated commerce 50 46 45 43 

Food services 187 169 143 117 

Health and beauty 47 27 20 18 

Cultural association 19 16 15 15 

Print shop 4 3 3 3 

Total 362 299 256 218 

Because most of the energy used in audited establishments was electricity, it was decided to 
compare it with electricity consumption at national level. The results, shown in table 8, indicate that 
the type of establishments analyzed use between 4% and 8% of Portugal’s total electricity. 

Table 8. Estimate of national annual electricity consumption of selected small business services 

Electricity consumption in 2014 (GWh) Activity 

 

Method 
Retail Food 

services 
Health and 

beauty 
Cultural 

association 
Total 

Estimated based on 
number of employees 735 792 228 110 1 865 
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Energy statistics 
(DGEG, 2015a) 1 603 632 1 017 250 3 502 

 

Table 9 shows a rough estimate of the savings potential at national level as a percent of national 
consumption. Although precision is low given the method of estimation, the results suggest it is 
possible to reduce Portugal’s electricity consumption by 1% to 2% through high profitability actions 
in the small business service sector. 

Table 9. Electricity saving potentials of selected services as % of national consumption 

Electricity saving potentials (% of Portugal’s total consumption) 
Method 

Technical Economic Medium 
profitability High profitability 

Estimated based on 
number of employees 2 1 1 1 

Estimated based on 
energy statistics  4 3 2 2 

 

4. Conclusions 
In the audited establishments the energy consumption patterns vary significantly, illustrating the 
diversity of activities included in the service sector. The implementation of high profitability 
measures allows a reduction of 9% to 55% in current energy consumption. 

In the small business service sector the main driver for the improvement of energy efficiency is the 
need to cut operational costs. The main barriers are the low priority attributed to energy and 
insufficient knowledge. The importance of the split incentives barrier was also confirmed by the 
high percentage of rented spaces. 

The average establishment has a specific consumption of 138 kWh/m2/year and 
4.6 MWh/employee/year. The comparison with the literature indicates that the small business 
service sector is less energy intensive than the service sector as a whole. The desegregation by 
end use shows that the most significant energy uses are climatization, lightning and refrigeration, 
although this varies widely with the activity and establishment. These same uses have the highest 
potential for energy savings. 

For the average establishment, the technical saving potential is of 54% of current consumption. 
Cost-effective measures have a saving potential of 39% of current consumption. High profitability 
saving potential is 27% of current consumption. With the implementation of behavioral measures 
alone it seems possible to save an average of 6%. This saving potential can be explored through 
the implementation of community-based initiatives. 

In Portugal, the activities included in the scope of the study consume between 4% and 8% of total 
electricity. The extrapolation of the high profitability saving potential suggests that the improvement 
of energy efficiency in the small business service sector may allow a reduction of 1% to 2% in 
Portugal’s electricity consumption. 

The identified energy saving potential could be explored through the introduction of an energy 
audit and counseling program focused in small businesses. The implementation of energy 
efficiency measures could then be enabled by the creation of economic incentives. 
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Abstract 
Energy efficiency is at the heart of the European Union (EU) 2020 Strategy for smart, sustainable 
and inclusive growth (COM/2010/2020). The EU Energy Efficiency Plan and the Energy Efficiency 
Directive set a 20% energy savings target by 2020. The EU 2020 Strategy goes beyond and also 
seeks to reduce the dependence on imported fossil fuels and to increase to 20% the share of 
renewable endogenous resources, as well as to achieve a 20% reduction in EU greenhouse gas 
emissions (GHG). Thus, to assess energy efficiency policies, it is critical to consider modelling 
frameworks able to account for energy-economy-environment interactions. Indeed, this research 
aims to contribute for the development of a modelling framework able to account for (inter)regional 
energy-economy-environment interactions. Then, the modelling approach is empirically applied to 
the Portuguese case, with the aim of assessing the socio-economic and environmental impacts 
resulting from energy efficiency gains. Accordingly, this work proposes an Input-output (IO) model 
for the Centro region, a NUT II matching the central part of mainland Portugal. This is a closed 
rectangular bi-regional model, at domestic flows and basic prices, comprising beyond the Centro 
also the Rest of Portugal, derived from the MULTI2C (multi-sectoral multi-regional Coimbra 
model). MULTI2C is a general flexible approach, developed by a group of researchers, mainly from 
the University of Coimbra (Portugal) that allows for the construction of input-output tables for 
different geographic configurations and empirical applications. The MULTI2C framework has a 
great level of detail concerning both the products and the industries that produce them. Further, 
this research recognizes that electricity production and distribution encompasses a set of activities 
with different technologies, either by main energy source or by region. To account for this we 
consider the division of the original electricity industry into one industry of “electricity distribution” 
and 9 industries of “electricity production” according to the following sources: 1) wind; 2) 
geothermal; 3) hydro; 4) photovoltaic; 5) coal; 6) fuel oil; 7) natural gas; 8) diesel; and 9) 
cogeneration. Next, we use this modelling approach to assess the socio-economic and 
environmental impacts, in both regions, resulting from energy efficiency scenarios. Results reveal 
that the analysed energy efficiency gains would generate a (small) net contractionary effect on the 
Portuguese economy, following the electricity production reduction, which is not fully compensated 
by the second-order expansionary effects. However, if one extends the assessment of the impacts 
resulting from the energy efficiency gains to the environmental dimension (both at the level of 
primary energy resources use and related GHG emissions), effects are being counterweighed by 
environmental improvements. Further, the assessment of the products whose production would 
change the most, as a consequence of this efficiency gain, contributes to an improved knowledge 
of the regional specificities. Finally, it is possible to claim that this research shows that energy-
economy-environment IO analysis can be crucially helpful in supporting policy making within a 
perspective of sustainable development, and particularly relevant in the discussion, supported by 
ex-ante assessments, on the possible trade-offs among several 2020 EU targets. 

Keywords: Energy Efficiency, Energy use; Energy-related CO2 Emissions; Input-Output Analysis 
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A Global study of the carbon strategy assessment for the steel, cement 
and energy utility sectors  
Arijit Paul , Christian Unterberger , Rupert J Baumgartner  
Abstract 
Industries and energy sectors together accounts for more than half of the global GHG emissions 
(IPCC, 2014). Among the industries cement and steel sectors are the largest contributors (Bloom, 
2012). Among the energy sectors, utilities producing electricity and heat has the largest share.    .. 
Hence, strategies to mitigate GHG emissions (hereinafter referred to as carbon strategies) in these 
three sectors will play a very important role in meeting the target of limiting the global temperature 
rise to 2oC as decided in the Paris Agreement. Irrespective of this major importance, a systematic 
longitudinal study of the carbon strategies adopted in these three sectors is missing from the 
literature. Our paper aims at filling this research gap. We have developed an assessment 
instrument comprising of five categories of strategic activities. These are: 1) product and process 
improvement; 2) voluntary initiatives; 3) lobbying; 4) risk and opportunity management; and 5) new 
market and product development; based on the five principles of integration of environment into 
the business strategies of organizations as proposed by Reinhardt (1999).  Companies will be 
graded across each of these categories by a five point Likert scale ranging from zero to four, 
based on their level of sophistication. A score of zero indicates the absence of this category and a 
four suggests the formulation of an advanced and sophisticated elaboration of this particular 
strategic activity. Scores from one to three will correspond to the various intermediate stages of 
sophistication between these two extremes. We will perform a longitudinal study of about 30  
companies from around the world for the period of 2008 to 2013, hence an assessment of about 
180 company years in total. The geographical coverage will include all continents of the world. The 
primary source of information will be the proprietary database of Carbon Disclosure Project (CDP). 
In addition annual- and corporate sustainability reports of the companies will be assessed. Content 
analysis will be applied for grading the companies using the assessment instrument, followed by a 
cluster analysis to identify differences in strategic orientation among the companies. This 
combination of content and cluster analysis has been found to be useful for similar exercises (e.g., 
Kolk & Pinkse, 2005; Lee, 2012) and hence selected for our assessment. The results of this 
assessment will provide crucial insights into the carbon strategies currently practiced among the 
global steel, cement and utility companies. In doing so it will contribute to understanding the 
strategic responses to climate change for the two most GHG and energy intensive sectors of the 
world. The results will be of importance both for the academics as well as for the policy makers. 

Keywords:  climate change, carbon strategy, steel, cement, energy utilities 
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Abstract 
Energy is the ‘blood of life’ for our built environments, as without it, the built environment simply 
can not exist. However, the irony is that the same energy causes environmental stress in many 
ways, not only on the natural environment but even the built environment, equally. Therefore, the 
renewable energy and/or sustainable energy become the focus of the current modern world so that 
we sustain the built environment without (or as less as possible) anthropogenic climate change 
and environmental impacts for the current and future generations. This is where the energy 
strongly relates to the sustainable development philosophy. However, in general, the terms 
renewable energy and sustainable energy are found to be interchangeably used both in industry 
and academe. One main reason is that remits of the two are neither clearly defined, and therefore, 
nor appreciated as such. Furthermore, the two concepts appear to be generally focusing more on 
the ‘mass’ generation aspect of energy, and not as much on the other two facets which are energy 
distribution and energy consumption. This paper, based on literature review and investigation of 
computer-aided models, will establish domains of the two terminologies and their use. With varying 
exemplary scenarios, the paper will define their remits as individual terms, and also highlight 
common denominators and uncommon factors. Definition and implications of the philosophy of 
‘sustainability’ will also be engaged in doing so. Moreover, the two terms will be related not only to 
the generation end of energy, but also to the other two main aspects of the energy ‘pipeline’, that 
is, the distribution and the consumption end. Thus, a holistic picture of the energy phenomenon in 
the built environment will be painted. In addition, some innovative insights will be introduced based 
on theoretical as well as real-world case studies. This way, specifically in the context of energy for 
the old and new worlds, the paper will contribute towards environmental communications; climate 
change mitigation and adaptation; and rethinking of sustainability models and practices.  

 

Keywords: Sustainability; Sustainable Development; Climate Change; Sustainable Energy; 
Renewable Energy; Energy Efficiency; and Energy Management.  
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Abstract 
The development of renewable energies is an essential issue in the 2020 Energy Strategy of the 
European Union. However, important differences in both renewable development and the 
characteristics of renewable energy support policies between member states and over time have 
been observed. In this context, key issues for policy-makers are to know: a) if renewable energy 
support policies have actually increased renewable generation capacity, b) what renewable energy 
support policy (based on quantities or prices) has involved more renewable generation capacity 
and c) the impact of policy design in renewable generation capacity. Our contribution to the 
literature is to give an empirical assessment to those three issues in the case of onshore wind 
power in the European Union over the period 2000-2014. The choice of this production technology 
is given by being the largest install base of any renewable energy source in the European Union. 
Likewise, quota system (also known as renewable portfolio standard) and feed-in tariff are chosen 
as research focus because they represent the dominant policies to promote wind energy in the 
European Union. This paper involves not only to study the type of renewable energy support policy 
but to analyze their design elements too. It is essential because the literature has focused on the 
study of renewable energy support policies although the choice of design elements in each support 
policy is as least as important to promote renewable energies as the choice of specific policies. 
The methodology is based on pooled Ordinary Least Square Regressions Clustered on the 
Country Level. Results show that feed-in tariff policies represent greater wind installed capacity 
than quota policies. Moreover, the duration set in feed-in tariff policies is obtained as an essential 
concept in the development of onshore wind energy in the European Union. However, quota 
policies and their design elements do not seem to have a significant influence on onshore installed 
capacity. As conclusions, we can establish the importance of feed-in tariff policies and their design 
elements in the development of wind capacity in the European Union. Likewise, policy-makers 
should include stability, the reduction of project risks as well as the establishment of regular 
adjustment of support conditions to market progress as essential issues to get an effective 
renewable energy support policy based on prices. 

Keywords: renewable energy, sustainable development, feed-in tariff policies, renewable porfolio 
standard, empirical assessment 
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Abstract 
Urban areas are home to half of the world’s population and account for two thirds of final global 
energy consumption and this will be intensified as populations increasingly concentrate in cities 
and towns, pushing the urbanization rate up from 53% in 2013 to 63% in 2040. For a sustainable 
urban development new approaches are needed for urban design, city planning, and production 
and management of energy. The so-called smart city concept is an opportunity to deal with 
mitigation, through the highest efficiency and resource optimization, the problems generated by 
rapid urbanization and population growth, such as energy supply, waste management, and 
mobility. However, city planning and management is typically addressed through a fragmented 
approach, focusing in individual city systems (e.g. public lighting, residential buildings), and 
therefore a holistic and integrated should be implemented and supported by robust tools to capture 
the connections between measures. INSMART project addresses this issue through the design of 
a city (in this case Évora) framework tool combining different models and simulation tools that 
characterize each city sector in terms of technical and economic parameters (e.g. activity and 
energy consumption). At the core of the framework is a technology-rich optimization model: 
TIMES_Évora. This model is the application at city scale of the TIMES (The Integrated MARKAL-
EFOM System) model generator developed as part of the IEA-ETSAP collaboration, an 
international community which uses long term energy scenarios to conduct in-depth energy and 
environmental analyses. The objective of using this type of model is its capacity of characterize 
current and future city energy system, covering all its phases: from energy supply sectors (e.g. 
electricity production technologies and natural gas network) to end use sectors (e.g. residential 
and transport). The model also has an important environment component as it accommodate 
combustion and process emission factors of the main greenhouses gases and air pollutants. The 
model incorporates other important city services/sectors components, namely the municipal solid 
waste chain, water treatment and distribution and wastewater treatment system. The model is fed 
with a range of new technologies for each system, like for example LED lamps for public lighting, 
characterized in terms of economic and technical parameters (e.g. investment cost and efficiency). 
This database provides the options to choose from in order to comply with defined city sustainable 
targets, as for example 50% reduction of greenhouses gases emissions in 2030 of the municipality 
when comparing with 1990 values. TIMES_Évora is use to develop a set of medium long-term 
sustainable scenarios and the assessment of the more cost-effective configurations of the city 
energy system and the necessary measures. This tool supports city decision makers on the cost-
optimal spatial and sectoral specific portfolio of measures to assist the transition to a decarbonized 
energy system. 
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Coal or Green Energy? A Real Options Approach to Renewable Energy 
Investments in the Philippines 
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Abstract 

With the recent rate of economic development, the Philippines’ electricity demand is drastically 
increasing in the past decades. Despite its natural reserves of coal, oil, and natural gas, the 
country’s electricity sector is still highly dependent on imported. This has made the country’s 
energy security and sustainability susceptible to unstable prices of fossil fuels in the world market. 
To become energy self-reliant country, the government invests in developing more domestic fossil 
fuel resources and introduces localized renewable energy sources into national energy mix. 
However, investment on renewable energy is challenged by high startup cost and very competitive 
prices of fossil fuels. These give an impetus to make a study that clearly suggests a strategy to 
invest in renewable energy. This study employs the Real Options Approach to investment under 
coal price uncertainty. The main goal is to evaluate the comparative attractiveness of either 
investing in renewable energy or continuing the use of coal as a source of electricity. Specifically, 
this study analyzes the trigger price of coal for switching technologies from coal to renewable. To 
represent different investment environments in energy switching decision making process, this 
study considers various scenarios including technology innovation in renewable energy and 
negative externality for using coal. The results show that switching energy is a better option than 
continuing the use of coal. The results also present some possible welfare losses from delaying or 
waiting to invest in renewable energy. These findings suggest that switching energy source should 
be done earlier to avoid welfare losses. As the price of coal is increasing while technology price for 
renewable energies is decreasing, investment on the latter not only benefits the country’s economy 
but the environment and the society as well. To make renewable energy more attractive, the 
government may impose externality tax for using coal or subsidize the investments on renewable 
energy.  

Keywords: real options approach, renewable energy investment, coal price uncertainty, dynamic 
optimization 
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Exploring the Timing Differences of CDM Project Registration  
Liguang Liu 
 

Abstract 
Clean Development Mechanism (CDM) is a project-based climate mitigation scheme under the 
Kyoto Protocol. The approval of implementing CDM activity has been one of the most significant 
climate change mitigation initiatives in developing countries. The CDM pipeline project is 
developed and processed by the UNFCCC for validation, registration and the final carbon 
reduction credit issuance. The certified credits can be traded in the international carbon market.  
The timelag starting from the developers’ submitting the project for validation till the final 
registration decision results reflects the competitiveness of the CDM projects and also acts as an 
indicator of host countries’ regulatory capacity. The CDM projects have confronted risks of not 
successfully registered and subsequently discharge from the pipeline. There are a number of 
reasons that potentially relate to the dropout: types of projects; project development capacity, 
maturity of methodology, etc. This paper aims to compare the timing differences of CDM project 
registration among top four CDM host countries, namely China, India, Brazil and Mexico, and 
seeks to identify the driving factors that cause these differences. A novel nonparametric method of 
survival analysis will be applied to study the CDM project registration time, by integrating the failed 
projects with successful projects into consideration. Further, several factors will be tested to see it 
they can contribute to explanation of the differences. Expected results include: to describe the 
pipeline time differences among countries with the Kaplan-Meier Curves; to compare the 
processing time with regard to different categories, i.e. illustrating the processing time differences 
among projects of different types, sizes or countries; and to reveal the capacity differences among 
host countries after adjusting covariate factors.  

 

Keywords: Clean Development Mechanism, Survival Analysis, Capacity 
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Abstract 
Two popular policies for fostering electricity from renewable energy sources (RES-E) are FIT 
(feed-in tariffs) and RPS (renewable portfolio standards). Under FIT, prices are first determined by 
a regulatory agency and then, the quantity of RES-E is determined through market processes. 
RES-E producers supply RES-E as long as their marginal cost is less than (or equal to) the FIT, 
which is guaranteed by the government.  Under RPS, the quantity of RES-E is first determined by 
a regulatory agency, and then, the price of RES-E is determined through market processes. The 
government first allocates a required portion of RES-E to electricity suppliers. Subsequently, 
certificates (renewable energy certificates: RECs) are issued for all RES-E produced. Therefore, 
electricity suppliers can fulfill their allocation by producing it themselves or by purchasing RECs 
from other RES-E producers. Although governments intervene in the renewable energy market to 
support its growth, an information asymmetry problem between the government and renewable 
energy suppliers can distort policy outcomes. This study examines the information asymmetry 
problem of renewable energy policies by exploring the policy experiences of South Korea. South 
Korea’s experience with both FITs and the RPS over the past decade makes for an interesting 
case study. The government determines FITs on the basis of cost information about each RES-E 
technology. However, because regulators have only limited information on the cost structure of 
RES-E and in addition, there can be rent-seeking behaviors by RES-E producers, FITs can be set 
higher than the real generation cost, which then becomes a source of rents or excess profits for 
RES-E producers. The quantity of RES-E and the subsidy budget exceed the government’s initial 
expectations. In fact, excessive budget expenditures for FITs have been common in South Korea 
and many other countries. In RPS, information asymmetry may seem to no longer be a problem 
because the government does not need information on RES-E costs. The RPS market mechanism 
determines how much electricity is produced from each renewable energy source. However, a 
problem with RPS is that non-marginal technology can earn rent because a standard RPS has only 
one common price. To reduce rents given to non-marginal technologies, banding or set-aside is 
needed. The ratio of multipliers in a banding scheme must be proportional to the generation cost of 
each technology, less the average electricity price. Rent-seeking behaviors are highly probable in 
a decision process of banding ratios. The South Korean experience confirms that multipliers in the 
banding scheme have been key elements in determining winners in the RES-E market. Therefore, 
the information asymmetry problem is still an issue with RPS. Although market support policies for 
RES-E are essential to stimulate its growth, more elaborate policy designs are required to 
overcome information asymmetry problems. 

 
Keywords: Renewable energy, Renewable Portfolio Standards, Feed-in Tariffs, South Korea 
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Interplay between ethanol and electric vehicles as low carbon mobility 
options for passengers in the municipality of São Paulo 
Evaldo Costa, Júlia Seixas, Gustavo Costa, Thomas Turrentine 
 

Abstract 
The Brazilian cities as well as many of the large urban centers in the world, continue to expand, 
increasing the demand for mobility and transport, while, at the same time, are investing in 
greenhouse gases mitigation to avoid climate change. Brazil's urbanization rate increased from 
26% in 1940 to almost 70% in 1980, since the urban population has multiplied by seven while the 
Brazilian population has tripled during this period. By 2010, in São Paulo the transport sector was 
responsible for 71% of emissions related to the energy consumption, due to the increasing of 
vehicle fleet. To meet growing mobility demand while mitigating CO2 emissions, Brazil adopted 
ethanol as a fuel for road vehicles providing significant reduction of emissions in transport. 
However, the production of ethanol would have to double in order to meet the expected number of 
vehicles in the next decade. Moreover, the problem of CO2 emissions from road transport would 
persist. The hybrid plug-in and pure electric vehicle, much more efficient than their peers powered 
by fossil fuels and markets of EVs are expanding around the world. Large urban centers such as 
São Paulo, Brazil's largest municipality, could take advantage of such low-carbon transport. 
However, it is important to identify whether the adoption of electrified vehicles will bring more 
benefits than vehicles powered by ethanol. In addition, it is necessary to examine the impact on 
CO2 emissions of the increased electricity consumption on power generation, and if the energy 
matrix of São Paulo is compatible with an expansion of electrified passenger cars. In this context, 
the present study used the bottom-up approach to investigate energy consumption by Tank-To-
Wheel (TTW) modeling and CO2 emissions of passenger cars fleet in the municipality of São 
Paulo. To perform the analysis we have used the simulation tool Long Range Energy Alternatives 
Planning System (LEAP) through which five scenarios were created to simulate large-scale 
introduction of battery electric vehicles and plug-in electric vehicles between 2015 and 2030, 
replacing gasoline-powered and ethanol cars. The highest penetration of battery electric vehicles 
to replace the gasoline-powered cars showed the highest reduction of energy consumption (17%) 
and CO2 emissions (36%) of passenger cars in 2030 when compared with 2011. In spit of a high 
substitution share of electric cars (representing 25% of passenger fleet in 2030), they represent 
only 6% of the total energy consumption of passenger cars, representing a relatively small impact 
on the São Paulo’s power grid, which we assume will remain predominantly clean (the share of 
renewable in the Brazilian electricity grid in 2014 was more than 65%). Generally, we may 
conclude that, from an energy consumption system perspective, electric mobility has a higher 
positive impact in climate change mitigation than ethanol. However, other components, as the 
expected evolution of power sources in São Paulo and the land use practices supporting ethanol 
production, should also be considered for a complete overview of climate mitigation potential of 
mobility options.      

 

Keywords: electric vehicles, plug-in, CO2 emissions, ethanol, Sao Paulo. 



22nd International Sustainable Development Research Society Conference (ISDRS 2016), Vol. 1 
School of Science and Technology, Universidade Nova de Lisboa, Lisbon, Portugal, 13-15 July 2016 

 

779 
 

The financial impact of residential distributed generation on local 
governments in South Africa: A case study into Stellenbosch 
Municipality 
Nikkie Korsten, Ben Sebitosi, Alan Brent, and Karin Kritzinger 
 

Abstract  
Worldwide, the uptake of residential solar rooftop PV has increased dramatically over the past few 
years as the investment in the technology became increasingly attractive. Although this is a great 
progressive development in terms of sustainability, it is not without implications for electricity 
utilities that experience sales drop as a result and see their revenues declining. Also in South 
Africa, an increased uptake of solar rooftop PV is being experienced. As South African local 
governments are responsible for the network, electricity delivery and sales within their border of 
jurisdiction, they might face similar challenges as electricity utilities across the globe. In South 
Africa, there is a concern that allowing rooftop PV connection to the grid will reduce electricity 
sales of local governments and therewith reduce their revenue on electricity. Many South African 
municipalities use the surplus on electricity to supplement municipal services that are underfunded 
and therefore the electricity surplus is seen as critical for the financial health of the municipality. 
Local governments are left with the question how to develop appropriate policies that do not 
hamper the development of decentralized solar rooftop energy whilst at the same time not 
jeopardizing the financial balance of municipalities. The aim of the research is contributing to 
informing policy development through investigating the potential financial impact of increased grid-
connected rooftop PV at a household level on South Africa municipalities. The research looks 
specifically at the residential areas with high electricity use in Stellenbosch Municipality, 
determined by an examination of the electricity use in the different suburbs. Two different 
approaches are used that result in two outcomes. In the first approach the point of departure is the 
maximum grid capacity for distributed generation as set by South African NRS standard. Second, 
an approach is used based on monetary criteria of individual households to invest in rooftop PV. If 
the first approach would be applied, this leads to a net loss of approximately 2,4% on the total 
electricity revenue of Stellenbosch Municipality. If the approach based on financial criteria of 
citizens is used this leads to a net loss of approximately 0,6% on the total electricity revenue. This 
research suggests three points that should be critically looked at. Firstly, one should examine 
decoupling as a tool to break the link between the utility’s recovery of fixed costs and volumes of 
kWh sales. Secondly, a fair and sustainable rate design for distributed generation owners for the 
electricity they provide should be reviewed. The last point looks at possibilities for ownership of 
renewable energy assets by the municipality.  

 

Keywords: renewable energy, revenue impact, electricity utility, South African municipalities 
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Sustainability of electricity generation sector in Brazil: Hydro vs Solar 
Juliana Barbosa1, Luís Dias2 
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Abstract 
Historically the Brazilian electricity matrix was one of the most sustainable in the world due its high 
disposable of hydroelectricity. Unfortunately, a deeper analysis reveal that in the recent years the 
Green House Gases (GHG) emissions intensity has doubled from 6.3x10-5 MtCO2e/GWh in 2006 
to 12.4x10-5 MtCO2e/GWh in 2013. This was due to the energy demand increase at a rate higher 
than the supply of hydroelectricity, causing the necessity to use the fossil thermal capacity. Until 
2030, is expected an increase of 122% in energy consumption in Brazil, though an imperative 
question rises on how this demand will be satisfied in a sustainable way. The official plan for future 
electricity supply is based on hydro expansion, manly in Amazon region raising environmental 
impacts that are not addressed. In addition, solar technology is not included, although the high 
level of available solar resource in the country and also large available areas for PV installation. In 
this way, we assessed the sustainability of current situation of the Brazilian electricity generation 
portfolio and two different scenarios for its future development through a multicriteria analysis 
considering different environmental aspects, namely: carbon footprint, resources use, morbidity 
due to pollution and reliability (product of capacity factor and availability of power generation 
plants) and energy efficiency and a proxy for biodiversity: Net primary productivity (NPP). The use 
of NPP in the assessment of the sustainability of current and future Brazilian electricity generation 
sector is vital as it provides the inclusion of its impacts on biodiversity that is typical not included. 
For this, it was considered the average of Net Primary production (NPP) of the Brazilian 
municipalities with top ten larger utilities for each energy source multiplied by the average area 
occupied by the corresponding technology. The multicriteria analysis assumes the weakness 
sustainability hypothesis, where the substitutability between different capitals forms. The different 
electricity generation technologies analyzed were: hydroelectricity, coal, natural gas and oil 
thermalpowerplants, nuclear, solar power, wind power and biomass thermalpowerplant. In addition 
to the analysis base year (2010) situation, the two scenarios for future Brazilian electricity 
generation mix correspond to: the official defined electricity supply expansion (Hydro-based 
scenario), and an alternative scenario considering a possible inclusion of solar photovoltaic in the 
mix in substitution of hydro power (Solar scenario). The results show that the general sustainability 
index for the base year situation is 0.470. In the official scenario (Hydro-based scenario) the index 
can reach 0.5149 as an consequence of the deployment of more hydro power. In the alternative 
scenario (Solar scenario), where is considered the possibility of part of the expansion of the 
hydropower, namely two plants at Tapajós River with installed capacity expected of 8500GW, were 
substituted by solar power, the index rises to 0.508. This concludes that, although the increase of 
hydro power in the electricity mix can provide benefits in the sustainability of future Brazilian power 
sector, it can be significantly improved if the some future hydropower utilities are substituted with 
solar technologies. 

 

Keywords: Sustainability of electricity generation; solarpower; hydropower 
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Climate Change and Sustainable Energy in Rural Bangladesh – An 
Innovative Approach 
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* Corresponding author, email: shahana.ac@gmail.com 

Abstract 
Being a densely populated country with limited natural resources, Bangladesh is severely suffering 
from the energy crisis since the past few decades. Due to the limitation in fossil fuel reserve, the 
only way to minimize the supply-demand gaps in the energy sector is switching towards the 
alternative renewable energy sources. Kazi Shahid Foundation (KSF) has been working in 
partnership with rural villagers for over 15 years. In order to make rural people’s lives healthier and 
more productive, KSF has developed “Biogas Program”. The continuous burning of biomass fuels 
leads to long term health issues, predominantly among women. The amount of wood consumed, 
also contributes to an increase of green house gas emissions and partly responsible for 
deforestation. Bangladesh has a long standing tradition of utilizing dung exclusively as the 
feedstock for biogas plants where as India has focused mainly on food waste. This project has 
taken mixed approach, using both dung and waste food to produce cooking fuel by allowing the 
Biogas Plant to operate more efficiently. Attempting another first for Bangladesh, KSF is utilizing 
the same “no cash” microfinance repayment system, where KSF will be reimbursed the cost of the 
Biogas Plant through the effluent slurry, as well as, excess cow dung or milk. KSF hopes to 
continue the Biogas Program by bringing biogas to the rural villages of Panchagarh district. In 
order to make biogas a viable alternative to the current biomass fuels used in cooking, this multi-
purpose approach was developed through careful research into the latest technologies available in 
Bangladesh. In depth understanding of the needs and concerns of the village people; a 
comprehensive training program was developed, provided full support structure able to deal 
quickly with both simple and complex problems and finding innovative methods to use the bio 
slurry as a regular income generating asset. 

 

Keywords: climate change, low carbon emission, biomass energy, sustainable approach 

 

Introduction 
Energy Need of Bangladesh 

Bangladesh is a developing country with a population of 160 million in an area of only 147,570 sq. 
km. About 85% of the population lives in rural areas where agricultural is the dominant occupation. 
In densely populated rural Bangladesh energy scarcity is already an acute problem and will worsen 
as the population continues to increase. It is widely accepted that the availability of energy is a 
necessary condition for sustainable economic and human development. For countries such as 
Bangladesh, which have relatively low per capita energy consumption, small increases in energy 
consumption are associated with substantial improvements in education, life expectancy and 
income levels (GCM resources, 2014). Biomass energy is the oldest type of fuel used by humanity 
and still an important energy source in Bangladesh, especially in rural areas. Bangladesh’s rapidly 
increasing population has led to unsustainably use of the countries forests by the  rural poor for 
fuel-wood, bamboo, fodder, medicines, herbs and roof materials. Deforestation has gradually upset 
the natural recycling system, as well as, led to an increase in the cost of fuel wood, both in terms of 
financial cost and time spent, creating a vicious circle and further deforestation. Enormous amount 
of labour time is spent in gathering fuel wood and agricultural residues, with the work mainly being 
done by women and young children. 

Relevance of Biogas 
Over 2 billion people worldwide lack access to clean, safe and sustainable domestic energy 

services. Lack of access to adequate, affordable, reliable, safe and environmentally 
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sustainable energy sources is a severe constraint on development. A lack of access to clean and 
affordable energy can be considered a core dimension of poverty. Biogas technology has clear 
economic, social and environmental benefits for rural households, such as reducing environmental 
pollution by safely recycling manure and providing households with a clean cooking fuel alternative 
to fossil fuels or firewood. The technology is simple and construction materials are readily 
available. The biogas can be used for a range of purposes including cooking, household lighting, 
heating, running a television or radio and even operating small machines. Energy from commercial 
sources accounts for only 8.6% of all energy used in the domestic sector (Ahmmed and 
Chaudhury, 2000). Promotion of biogas technology is motivated by the need to address the 
following problems in rural areas: lack of clean cooking fuels; indoor air pollution from burning solid 
biomass (such as firewood) in poor cooking stoves; water pollution and water-borne infection from 
human and animal waste; soil degradation due to the wide application of inorganic fertilisers; and 
forest deterioration caused by the over-collection of firewood, among others. 

In the context of energy demand homestead biogas as cooking fuel is a crucial step by rural 
women who benefit the most directly from it. Infrastructure Development Company Limited 
(IDCOL), (2006) surveys have found that users in Bangladesh save, on average, depending on the 
size of the plant, between 65 and 80 minutes per day compared with burning biomass. Most of the 
time saved is due to shorter cooking and cleaning time as well as the reduced time spent collecting 
biomass. In saved time, women potentially can spend this on education, productive and other 
activities (SNV, 2010). Biogas users also benefit from improved indoor air quality and health 
outcomes as biogas is smokeless (Dasgupta, 2004). The bio-slurries amassed as a by-product of 
a biogas plants is an effective and organic plant fertilizer and can be used or sold by Biogas users 
as a cheap and safe alternative to manure and in-organic fertilizers, contributing towards better 
food safety of citizens. 

Improved health, increased crop productivity, saved time for women are some of the major benefits 
to the users. It also provides economic benefit to the country through reduced deforestation and 
carbon trading. In addition, by reducing green house gas emission, the technology helps in 
mitigating global warming and climate change. Thus biogas is a renewable, sustainable and clean 
source of energy that provides multiple benefits; locally and globally. Cattle dung has been used 
primarily as an input and the technology is limited to households only. Biogas project in large scale 
livestock farms will generate not only local environmental benefits, but also international 
greenhouse gas mitigation benefits. In this paper, the benefits of biogas project towards the 
greenhouse gas (GHG) mitigation as well as the additional economic benefits, organic farming, 
improved livelihoods of the rural people are described.  

General Constraints in the Biogas Systems of Bangladesh 
As reported by Biogas Audit of Bangladesh 2011-13, the major constraints in biogas systems 
which are barring biogas plants from being efficient and more widespread are construction flaws, 
operations irregularities, and problem of appliances, energy inefficiency and lack of after-sales 
services. What adds further to these issues is the general lack of sustainable investment and an 
effective payment method by the users. The lack of quality control, institutional transparency in 
subsidy disbursement, price uniformity of materials and rates of interest for loans also make the 
biogas plant sector of Bangladesh inefficient and unfriendly to users. 

KSF Biogas Program 

Kazi Shahid Foundation (KSF) is currently running a homestead biogas project in Panchagarh 
district. The objectives of the project are to provide a clean, healthy and environmentally 
sustainable source of energy for cooking, lighting and small to medium size power generation. It 
also had a community empowerment agenda where besides increased productivity and health/ 
environmental benefits, the users of the technology would be able to generate some income out of 
selling by-products of the operation (bio-slurry). The payment for buying and using the technology 
was made efficient through KSF Dairy Cooperative Program's non-traditional form of micro-credit 
as a barter system-- the household would repay KSF the cost of the plant through bio-slurry, dung, 
milk and so on.  
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Program Area and Biogas Plant Implementation 

Panchagarh District is situated in the extreme north of Bangladesh and is part of the Rangpur 
Division.  The area has one of the highest poverty rates in Bangladesh according to the 
Bangladesh Bureau of Statistics (BBS) with acute need of energy initiatives  Panchagarh District is 
well covered by vegetation with widespread availability of fruit bearing trees such as jackfruits in 
addition to large tea estates, farming area, such as, paddy, corn and sugarcane production. Along 
with using household waste materials above available organic waste could be tested in this 
proposed project for enhanced biogas production which could be sustainable. 

 
Figure 1: Panchagarh District 

Reviewing the technological efficiency and user-friendliness of the traditional biogas plants, one of 
the major constraints identified was low portability/ transferability and rigidity of their structure. KSF 
has looked into best practices elsewhere in the world and found that one possible opportunity can 
be building biogas plants in a floating dome model (instead of a fixed dome model) which would be 
made of plastic/ jute/ fibreglass (instead of brick and mortar). The flexibility of this technology 
coupled with easier handling, repairing and mobility is assumed to be most useful and applicable to 
the unpredictable circumstances of the Panchagarh District. Its soil is sandy, alluvial and bears 
close affinity with the soil of the old Himalayan basin. On the northern part of the district there 
exists underground layer of pebbles. It is 150 feet high from the sea level. The proposed scientific 
research in question will either affirm this hypothesis, or potentially drive KSF to an alternative 
avenue of applied technology. 

There is an opportunity for training and development in after-sales service and quality assurance, 
which is proposed to be taken up by KSF to substantially increase the usage efficiency of its 
plants. KSF places a lot of importance on providing end-to-end solutions to its user groups, and its 
community involvement through its parent company’s agro and dairy projects strengthens its role 
as an integrated biogas solution provider rather than a one-off biogas plant seller. Both the KSF 

experience and Biogas Audit 2011-13 indicate that smaller biogas plants are substantially 
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more energy efficient than larger ones. Generally, only 40%-60% of anticipated average gas 
production is obtained, whereas smaller plants show better results than bigger plants. With the 
experience of some of its previous biogas plant projects, KSF has noted that scarcity of cow-dung 
is a big constraint in operating larger plants. 

Methodology 
Selection of the Study Area and Household survey and individual interview 

There are six unions in Atwari Upazilla and the study was concentrated only in four unions. There 
are five Upazilla in Panchagarh district namely: Panchagarh sadar, Tentulia, Boda, Debiganj and 
Atwari (Map of the study area, Figure 1). In this study 600 households were surveyed. A semi-
structured interview was organized with the selected respondents. There was a guided interview 
with the KSF beneficiaries both having homestead biogas plant owner and without biogas plant; 
different aspect of bio-gas plant, perception of bio-gas, current cooking system, fuel types with 
sources, use of cow dung and bio-fertilizers and as well as their socio-economic status.  

Collection of qualitative data  

Following tools (PRA) including Focus Group Discussion (FGD), group interview, key informants 
interview were carried out in getting in depth information related to the study. 

Additionally, few cases were mapping for citing as a success story and or drawbacks of 
intervention. 

Key Informants Interview  
Key Informant Interview were carried out with the Agriculture Extension Officer, Upazilla Livestock 
Officer, prospective farmers, Bio-gas plant owners, a person from Grameen Shakti and KSF staff. 
This was to elicit details information problem and prospects of bio-gas and bio-fertilizers in the 
study area.  

Focus Group Discussion  

Focused Group Discussions (FGDs) were carried out separately with male and female 
participants. Details information on traditional cooking, fuel type cooking time, prospect and 
perception of bio-gas plant, current uses of cow dung, incidence related to traditional cooking were 
collected.  

Results and Discussion 
The current episode of global warming is attributed to increasing emissions of CO2 and other 
greenhouse gases into Earth's atmosphere. The global annual mean concentration of CO2 in the 
atmosphere has increased by more than 40% since the start of the Industrial Revolution, from 280 
ppm in the mid-18th century to 402 ppm as of 2016 (Dlugokencky, 2016). The GHGs are 
responsible for increase in earth temperature.  There is a need to develop GHG mitigation 
strategies to reduce the adverse impacts of climate change. Biogas technology provides an 
excellent opportunity for mitigation of GHG and reducing global warming through, 

(i) replacing firewood for cooking,  

(ii) replacing kerosene for lighting and cooking,  

(iii) replacing chemical fertilizers, and  

(iv) saving trees from deforestation.  

A family size biogas plant (3 m3 capacity), operated with dung produced by four cattle, commonly 
reared in a household, was calculated using the relationship of 0.5 m3 biogas with per kg of dry 
dung (Khendelwal and Mahdi 1986). It was assumed that 80% of generated biogas would be used 
for replacing firewood and 20% for replacing kerosene as fuel. This implied that a family size 
biogas plant would save the calculated quantities of kerosene and firewood, which would otherwise 
emit GHG to the atmosphere upon burning as fuel. Carbon dioxide emissions from burning of 
kerosene and firewood were taken as 2.41 kg/L (w/v) and 1.83 kg/kg (w/w) respectively. Firewood 
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burning also emits CH4 and per kg of CH4 produces 3.0 g of C. 

Biogas slurry, a by-product of biogas plant, is applied as manure to substitute chemical fertilizer. 
As there is negligible mass loss of substrate (cattle dung) as biogas, it was assumed that 1 t of 
cattle dung would generate similar amount of biogas spent slurry containing 1.4% N, 0.5% P and 
0.8% K on dry weight basis (Subrian et al. 2000; Tandon 

and Roy 2004). Substitution of chemical fertilizer with spent slurry reduces CO2 emission, which would emit 
for production of fertilizer.  Saving of N fertilizer due to replacement by biogas slurry would also reduce 
emission of nitrous oxide at a rate of 0.7% of the applied N (Bhatia et al. 2004; Malla et al. 2005). 

Demonstration of Cost-Benefits 

Kazi Shahid Foundation (KSF) has been working in partnership with rural villagers for over 15 
years. In that time it has developed many successful programs including its Dairy Cooperative 
Program for female entrepreneurship. A first of its kind in Bangladesh, this cashless microfinance 
program provides its members with cows with the ownership transferred in exchange for milk and 
cow dung instead of cash. 

In order to help its membership live healthier and more productive lives, KSF has developed its 
Biogas Program. The continuous burning of Biomass fuels such as wood or dung leads to long 
term health issues, predominantly among the women of the household. The amount of wood 
consumed, also contributes to an increase of carbon emissions and is in part responsible for 
deforestation. Burning dried cow dung is a cheap alternative compared to other Biomass fuels. 
However, the process is labour intensive, unsanitary, and the fumes from burning contain 
carcinogens. The use of improved cook stoves helps with the efficiency but doesn't address the 
health related issues.  

Other than the use for cooking or burning, the biogas can be used for lighting and fuel for vehicle 
involving farming. Once the demonstration phase is completed with positive results a full-fledged 
future intervention of “Biogas Model” and up scaling plans will benefit the users as well as the 
people of the country using waste converted energy.  

The production and use of biogas from waste management will reduce natural pollution and 
deforestation and overall costs compared to the present cost of Liquefied Petroleum Gas (LPG). 
The “Biogas Model” will increase energy efficiency by about 25% or more. The homemaker’s 
significant time saving can be employed for additional production which will inject increasing Gross 
Domestic Production (GDP) and ultimately it will generate a positive impact on Per-Capita Income. 
The benefits can be quantified and compared to the cost involvement. Initially, cost saving for the 
member of household in the working area of Panchagarh District will be calculated and based on 
the description given below, using which  we can determine total saving across the country.  

The cost-benefit analysis is stated below-  
 
# Benefited Item/Field Time 

Saved/ 
Month 
(hr) 

Hourly 
Rate 
BDT 

No. of 
KSF 
Member/ 
User 
(6,000) 

Current 
Cost/ 
Unit 
BDT 

Biogas 
Intervention 
Cost/Unit 
BDT  

Monthly 
Cost-Saved 
for Target 
User BDT 

1 LP Gas Vs Biogas each 
Household/Month 

-     -           516  1,200       1,079       62,350  

2 Biogas Vs Fuel & 
Power/Month 
(Kerosene/Diesel/Firewood
/Electricity) 

-       -        5,484  1,200         1,079            
6,62,650  
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3 Homemaker Time (hr) 
Saving & 
Productivity/Month 

      75  20 6,000   -    -      90,00,000  

4 Health-Treatment (@4 
member/family) 

     -              -                   
6,000  

          
100  

                     
30  

        
16,80,000  

5 Bio-Slurry/Bio-fertilizer for 
Organic Farming 

         -              -                   
6,000  

-                   
2,250  

    
1,35,00,000  

  Total BDT            2,49,05,000  

* Environmental pollution & deforestation will save and it is not quantified/calculated in terms of money. 

 

Conclusion 
Although Bangladesh is a developing country and emits only very little amount of the GHGs in 
atmosphere, many practices here in Bangladesh are contributing for mitigating and adaptation of 
the climate change, that may be potential for the Clean Development Mechanism (CDM) in 
Bangladesh and Reducing emissions from deforestation and forest degradation (REDD). Biogas 
technology is considered as the one of the best clean energy sources that is economically 
affordable for the rural people, also reduce the emission of the GHGs. It is one of the effective and 
appropriate mitigation effort in Bangladesh. 

The reduction in global warming should encourage the policy makers to promote biogas 
technology to combat climate change and integration of carbon revenues will help the farmers to 
develop biogas as a profitable activity. With the large number of existing and potential biogas 
plants, Bangladesh has a good opportunity to solve its energy crisis, reduce global warming and 
earn substantial revenue under the new regime of carbon marketing. The mechanism of carbon 
market should be used to promote installation of biogas plants by making these financially viable. 

Acknowledgement 
We would like to thank Ms. Momtaz Chowdhury, CEO, KSF. A special thanks for the whole KSF 
Panchagarh field team members, without their help this study would not be possible.  

Reference 
Alam, S. 2006. Production of organic manure in Bangladesh, Bangladesh Livestock Re- 

search Institute’s Report, Savar, Dhaka, Bangladesh.  

Ball, J. (2007). Cows, climate change and carbon credits. The Wall Street Journal-Online, B1 
(June 14, 2007). 

BBS. 2011. Bangladesh Bureau of Statistic - Population Census 2011.   

Bhatia, A., Pathak, H., &Aggarwal, P. K. (2004). Inventory of methane and nitrous oxide emissions 
from agricultural soils of India and their global warming potential. Current Science, 87(3), 317–324. 

Biogenic Methane Potential Method:  DIN 38414 and VDI 4630. 

Chaudhury, A.H. and Ahammed, S. 2000. Diffusion of biogas technology: a community 

based approach. Khulna University Studies, 2(1): 7-22.  

Dasgupta, P. 2004. “World poverty: causes and pathways.” In B. Pleskovic and N. H.  

Stern (eds). World Bank Conference on Development Economics. Washington, DC: World Bank 

Dlugokencky, E (5 February 2016). Annual Mean Carbon Dioxide Data. Earth System Research 
Laboratory. National Oceanic & Atmospheric Administration. Retrieved 12 February 2016. 

Gautam, R., Baral, S. and Heart, S. (2009). Biogas as a sustainable energy source in Nepal: 



22nd International Sustainable Development Research Society Conference (ISDRS 2016), Vol. 1 
School of Science and Technology, Universidade Nova de Lisboa, Lisbon, Portugal, 13-15 July 2016 

 

787 
 

Present status and future challenges. Renewable and Sustainable Energy Reviews 13(1): 1248–
252.  

Grameen Shakti .Website: http://www.gshakti.org/ics.html  

http://web.b.ebscohost.com/ehost/pdfviewer/pdfviewer?sid=eddfe4a6-e872-4e91-aa09-
7a5091dfc761%40sessionmgr114&vid=2&hid=103 

http://extension.psu.edu/natural-resources/energy/waste-to 
energy/resources/biogas/projects/biogas-from-manure 

IDCOL. Official Website of Infrastructure Development Company Limited.  

http://www.idcol.org/  

Imam, B., (2013). Energy Resources of Bangladesh, Published by University Grant Com- 

mission of Bangladesh, Dhaka, pp. 283-297. 

IPCC. (2001). Climate Change 2001: The Scientific Basis. Contribution of Working Group I to the 
Third Assessment Report of the IPCC. Intergovernmental Panel on Climate Change. Cambridge 
University Press, UK. 

Katuwal, H. & Bohara, A.K. (2009). Biogas: A promising renewable technology and its  

impact on rural households in Nepal. Renewable and Sustainable Energy Reviews. Volume13(9): 
2668–2674. 

Khendelwal, K. C., & Mahdi, S. S. (1986). In biogas technology: A practical technology (pp. 128). 
New Delhi: Tata McGraw-Hill. 

Kumar, S., Malav, L.C., Malav M.K. and Khan, S.A. (2015). Biogas Slurry: Source of Nutrients for 
Eco-friendly Agriculture. International Journal of Extensive Research 

2:42-46. 

Karim, K., Hoffman, R., Klasson, T., Al-Dahhan, M.H. (2005). Anaerobic Digestion of Animal 
Waste: Effect of Mode Mixing, Water Research. 39. 

Malla, G., Bhatia, A., Pathak, H., Prasad, S., Jain, N., & Singh, J. (2005). Mitigating nitrous oxide 
and methane emissions from soil under rice-wheat system with nitrification 

and urease inhibitors. Chemosphere 58(2), 141–147. 

Meher, K. K., Ranade, D. R. and Gadre, R. V. (1990). Res. Ind., 1990, 35, 115–117 

Mohan B. Chand, Bidur P. Upadhyay, Rejina Maskey, (2012). Biogas option for mitigating and 
adaptation of climate change. Rentech Symposium Compendium, Volume 1, March 2012. 

Pathak, H., Jain, N., Bhatia, A., Mohanty, S., Gupta, N. (2009). Global warming mitigation potential 
of biogas plants in India. Environ Monit Assess (2009) 157:407–418 

DOI 10.1007/s10661-008-0545-6. 

Puyuelo, B., Ponsá, S., Gea, T., Sánchez, A. (2011). Determining C/N ratios for typical organic 
wastes using biodegradable fractions. Chemosphere.85(4): 653-9. doi: 
10.1016/j.chemosphere.2011.07.014. Epub 2011 Aug 6. 

Rasi, S. (2009).  Biogas composition and upgrading to biomethane. Dissertation. University of 
Jyväskylä 

SNV. (2010). Biogas Support Programme Fuels Rural Household Energy Supply in Nepal. Paper 
for UNCTAD Expert Meeting on Green and Renewable Technologies as Energy Solutions for 
Rural Development, Geneva, 9-11 February 2010. Geneva. Netherland Development 
Organization. 

Subrian, P., Annadurai, K., & Palaniappan, S. P. (2000). Agriculture: facts and figures. pp. 133–
134. New Delhi: Kalyani. 



22nd International Sustainable Development Research Society Conference (ISDRS 2016), Vol. 1 
School of Science and Technology, Universidade Nova de Lisboa, Lisbon, Portugal, 13-15 July 2016 

 

788 
 

Tandon, H. L. S., &Roy, R. N. (2004). In integrated nutrient management — A glossary of terms. 
New Delhi: Food and Agriculture Organization of the United Nations, Rome and Fertiliser 
Development and Consultation Organization. 

Uddin, M. M. and Mojumder,M. S. S. (2011). Biogas Production From Municipal Waste: Prospect 
in Bangladesh. Cyber Journals: Multidisciplinary Journals in Science and Technology, Journal of 
Selected Areas in Renewable and Sustainable Energy (JRSE).  

Ullah, M.H., Hoque, T. and Hasib, M.M. (2012), Current Status of Renewable Energy sector in 
Bangladesh and a proposed Grid Connected Hybrid Renewable energy system, International  
Journal of Advanced Renewable Energy Research, Vol. 1, pp. 618, 621-624. 

UN. (2010). Renewable Energy Technologies for Rural Development. A Paper Presented in the 
United Nations Conference on Trade and Development. United Nations. 

Vavilin, V.A. (2010).  Anaerobic degradation  of  organic  waste:  An  experience  in  mathematical 
modeling. Microbiology 79:334-341 

Wadud, Z., Graham, D. J.,and Noland, R. B. Gasoline, (2010). Demand with Heterogeneity in 
Household Responses, The Energy Journal, Vol. 31, No.1, pp 47–73, 2010. 

Yadvika; Santosh; Sreekrishnan, T.R.; Kohli, S.; Rana, V. (2004). Enhancement of biogas 
production from solid substrates using different techniques––A review. Bioresour. Technol. 95, 1–
10 

Zuzhang, Xia, (2013). Domestic biogas in a changing China Can biogas still meet the energy 
needs of China’s rural households?, International Institute for Environment and Development (UK), 
ISBN: 978-1-84369-955-2 



22nd International Sustainable Development Research Society Conference (ISDRS 2016), Vol. 1 
School of Science and Technology, Universidade Nova de Lisboa, Lisbon, Portugal, 13-15 July 2016 

 

789 
 

Walkability City Tool (WCT): measuring walkability 
Miguel Zuza Aranoa1, Cristina Rivas Allo2, Isabel Pérez-Ilzarbe Serrano3  
1 Miguel Zuza Aranoa, suma-USC, correo@suma-usc.com 
2,3 Cristina Rivas Allo, Isabel Pérez-Ilzarbe Serrano, suma-USC, correo@suma-usc.com  

Abstract 
Public space is the essence of the city but almost 70% of this public space is occupied by surfaces 
meant for cars. And yet citizens who walk are the ones who give meaning to this public space. The 
habit of walking benefits both the individual and the community to which they belong, both of which 
are widely documented. The needs of the roadway networks have been repeatedly analyzed but, 
what about the pedestrian network? Prints of the streets that work the best or worst are often 
examined without analyzing pedestrians’ reasons for choosing different streets to walk on. 
Likewise, interventions on the pedestrian network are not made using clear criteria. There is a 
significant body of scholarly work that has researched this topic, with prominent figures in urban 
planning (Jane Jacobs, Jan Gehl...), sustainable urban planning certification systems (BREEAM, 
LEED, CASBEE) and even indexes that work on some of the factors that influence walkability 
(PERS, WalkScore...). The development of WalkabilityCityTool emerged in response to the needs 
detected stemming from the lack of compiled, precise, objective information on the walkable 
network when taking strategic decisions on the city that affect pedestrian mobility (and its influence 
on the model of city, retail, tourism...). WCT examines the factors studied via five topics: Modal 
Distribution: division of space between the different means of transportation (number of lanes, 
parking, public transportation...); Urban Grid: characteristics of the sidewalks (width, condition of 
pavements, obstacles...); Urban Scene: information on the environment around us as we walk 
(activities on street level, trees...); Safety: perception of safety when walking (street lighting, 
presence of people...) and Environment: factors that influence walkers (noise level, pollution...). 
The methodology of the tool starts with gathering a wide range of information on the street from 
each of the sidewalks and intersections (accessibility, danger...) in order to get a geo-referenced 
weighted WCTscore, yielding a walkability “heat map” that allows city managers to draw from 
extraordinarily valuable analytical information. Application: One of the most recent applications of 
the WCT was in the financial district in Panama as part of the Emerging and Sustainable Cities 
Initiative (IDB). Using the WTC allowed the city managers to have precise, objective information on 
the state of the network of sidewalks and intersections in one of the city’s most centrally-located, 
emblematic neighborhoods in order to make decisions and establish priorities on the investments 
to be made. Conclusions: Current mobility policies are encouraging citizens to use their private 
vehicles less, restricting access and lowering the amount of surface area devoted to vehicle 
circulation and parking. However, pedestrian spaces should not be characterized solely by the 
absence of cars, since there is a host of factors that affect their quality and make them true public 
spaces in the broadest sense of the term. The application of WCT helps the pedestrian network to 
be regarded not only as a leftover from the roadway network but more as a grid in itself which 
should be improved in order to support modal change policies towards non-motorized means. 

Keywords: pedestrian network, sidewalks, pedestrians, analysis, Geographic Information 
Systems. 

1. Introduction 

1.1 Cities and public space  

Today the physical city where we interact is made up of our squares, parks and streets: public 
space is the essence of the city. Almost 70% of this public space is occupied by surfaces that 
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serve cars. But walking citizens are the ones who give meaning to public space, where they walk, 
look, interact, shop, meet, have fun, rest, travel, work… they perform an endless series of activities 
that should be encouraged by providing them with appropriate spaces. 

1.2 Cities and mobility 

The design of our cities and the steady increase in the number of inhabitants means an increase in 
the use of private vehicles, leading to the usual congestion of the streets. Zoning, low intensities, 
poor strategic design and poorly planned public transportation are just some of the factors that 
contribute to aggravating these mobility problems within the city and everything they entail. 

1.3 Why encourage walkability? 

Cities should work on measures that encourage modal shift to non-motorized means and collective 
transportation. The fact that walking should bring benefits to both the individual and community in 
which they live is both well-grounded and amply documented. 

1.4 Why analyze walkability? 

The needs of vehicle roadways have been extensively analyzed: the number of vehicles circulating 
on the street are tallied, wait times at traffic are studied, the traffic situation is reported, work is 
done on lane width and speeds, etc. This allows us to evaluate the road network and act on the 
points where it is most needed in the most appropriate way. 

But what about the pedestrian network? It is often dealt with using impressions on which streets 
work better or worse without analyzing the reasons pedestrians choose one street over another. 
The interventions, such as the creation of pedestrian zones, ramps, parking, etc., are not 
performed with clear criteria. 

In recent years, a great deal of effort has been invested in the quality of the urban space and 
walkability, or how friendly an area is to walking. Numerous factors come into play in the 
experiences of citizens who walk around the city. 

1.5 Current state of the technique in this field  

Below is a description of the current state of the technique from three of its vantage points: 

1.5.1 Development of scholarly research  

As a landmark figure in the shift in how we view cities, particularly from the standpoint of the 
pedestrian, we should cite Jane Jacobs (1916-2006), a popular Canadian scientist, urban planning 
theoretician and socio-political activist who was born in the United States. Her most influential work 
was “The Death and Life of Great American Cities” (Jane Jacobs, 1961). Contrary to the schematic 
city models that lead to the destruction of public space and communities, she asserts that dense 
neighborhoods and mixed uses make for vibrant places to live and work. 

In his work “Tivoli Gardens” (John Lyle, 1969), John Lyle analyzes which benches are used the 
most on paths. Subsequent studies have further plumbed this kind of issue, such as “Seating 
Preferences on Kongens Nytorv” (Louise Kao, 1968), “Pedestrians” (Jan Gehl, 1968) and “The 
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Livable Environment: Psychological Aspects of Homes” (Jan Gehl, 1971a).  

In his book “Life between Buildings” (Jan Gehl, 1971b), Jan Gehl introduces the relationships 
between the shape of the urban space and social behavior. 

These authors cited have transformed our way of understanding urban space in relation to citizens, 
but there is a host of scholarly studies that analyze how the characteristics of the urban space 
influence the people who walk there. Many of these studies come from the world of medicine, 
regarding the health benefits of walking. Others relate the price of housing and therefore quality of 
life with an area’s ease of walking. 

1.5.2 Vision of sustainability certification systems 

Currently, the most influential sustainable urban planning certification systems are BREEAM, 
LEED and CASBEE. 

BREEAM (Building Research Establishment Environmental Assessment Methodology) was 
conceived in the United Kingdom in 1990. There are different schemes of BREEAM certification; 
BREEAM Communities is the one applied in urban planning.  

BREEAM assesses factors like accessibility, the distance to green areas, the design of safe 
spaces (in terms of the characteristics of the building facades, lighting, the existence of furniture, 
etc.), whether façade design encourages street activity (number of shops, number of gaps, blind 
zones, etc.). 

LEED (Leadership in Energy & Environmental Design) is a certification system developed by the 
U.S. Green Building Council in 1998, in which projects earn points for meeting specific criteria. 
There are different kinds of LEED certification; LEED for Neighborhood Development is the one 
applied in urban planning. 

LEED assesses factors that directly affect walkability, such as sidewalk width, building facades 
(number of entrances, glassed-in areas, etc.), the accessibility of parks, recreational facilities, etc. 

CASBEE (Comprehensive Assessment System for Built Environment Efficiency) is a Japanese 
certification system that started being developed in 2001. A variety of different tools have been 
developed; CASBEE for Cities and CASBEE for Urban Development are the ones applied in urban 
planning. 

CASBEE assesses what it calls social aspects such as traffic safety and crime safety, 
environmental quality aspects like shade and universal accessibility, and other factors. 

In Spain, Salvador Rueda from the Urban Ecology Agency of Barcelona has developed a system 
of sustainability indicators which evaluates the degree of city model fit both at the start of the urban 
development (planning) and once the action has been implemented and is running (use and 
management) (Certification of Ecological Urban Development, Urban Ecology Agency of 
Barcelona, 2014). It studies factors related to the quality of urban space within the following areas: 

• Public space and livability. Accessibility of the public pedestrian routes, air quality, acoustic 
comfort, thermal comfort, spatial perception of urban green. 
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• Mobility and services. Proximity to transportation networks other than cars, proximity to 
bicycle parking, proximity to bicycle loan service, parking, loading and unloading. 

• Urban complexity. Balance between business activities and residences, local activities, 
knowledge-dense activities. 

• Green spaces and biodiversity. Functionality index of parks and gardens, tree density per 
roadway, diversity of urban trees. 

• Social cohesion. Availability of facilities.  

1.5.3 Existing tools that work on walkability 

The research performed analyzes the factors and features of other tools that deal with walkability, 
such as WalkScore, Walkonomics, PERS, MAPS, PEDS, SPACES and IAAPE. In each case we 
studied their sources, factors and objectives in order to discriminate and choose the most valid, 
least subjective ones with the greatest influence on walkability and less complex to obtain. 

2. Methods  

Walkability City Tool was developed in line with the preceding research. It is an analysis 
methodology based on Geographic Information Systems that allows the walkable network to be 
customized and measured, including technical, environmental, social, tourist and economic factors, 
in order to analyze, interpret and plan improvements in them. It can be used to support strategic 
decisions on the city based on evidence instead of on intuitions and subjective opinions. 

2.1 How does the Walkability City Tool analyze walkability?  

The factors that most significantly influence walkability have been gathered, culled and studied. 
The working base of the data-gathering with the WCT is the sidewalk, the place where people 
walk, and not streets or roads. They are grouped into five thematic areas: 

• Modal distribution. Figures on the division of space between the different means of 
transportation: number of lanes, parking lots, bicycle lanes, pedestrian zones, public 
transportation, etc. 

• Urban grid. Characteristics of the sidewalks: width, pavement condition, protective strip, 
obstacles, intrusions, slope, etc. 

• Urban scene. Figures on the environment around the pedestrian when walking: activities, 
homes, trees, characteristics of the façades, urban furniture, etc. 

• Safety. Factors that influence the perception of safety when walking: street lighting, 
direction signs, presence of activities, etc.  

• Environment. Environmental factors that influence the activity of walking: noise levels, 
sunlight, pollution, dominant winds, etc. 
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Crosswalks are analyzed from three perspectives: delay (time it takes to cross them), safety and 
accessibility. 

2.2 Methodology 

2.2.1 Data-gathering 

2.2.1.1 City and experts 

The first information-gathering phase comes from studying the city and the working area with the 
help of experts in different fields who are familiar with the city, including planning, mobility, 
education, safety, governance, a range of associations, existing working groups, etc. 

2.2.1.2 Citizen participation 

A participation strategy is devised to gather information from citizens who live or perform some 
kind of activity in the area being studied. Depending on the kind of population sample, open 
information-gathering sessions are organized, some of whose results are later used to prioritize the 
actions. 

2.2.1.3 Field data 

The exhaustive gathering of the information needed on the sidewalks, the overall setting and 
crosswalks takes place on the street. The way the information is gathered is determined based on 
the scope of the project, although it usually happens by training auditors or in-house staff. 

2.2.2 Data analysis 

By weighing the data, a score is assigned to each stretch of the sidewalk and each crosswalk 
indicating their degree of walkability. 

The data gathered and the scores are fed into a Geographic Information System. The WCT tool is 
completed with the Massachusetts Institute of Technology’s “Urban Network Analysis” freeware, 
applying its calculations to flows among nodes. 

The data obtained is used to create graphic information that is easily interpretable by managers: 
“heat” maps assessing the streets, dysfunctions in the network, black spots, repercussions of 
actions, etc. 

3. Results 
As part of the Emerging and Sustainable Cities Initiative of the Inter-American Development Bank, 
Walkability City Tool has been applied in the Financial District of Panama City (Figure 1). 
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Figure 1. Area of study in Panama City. 

A walk through the district reveals that there is much room for improvement on the streets: the 
sidewalks are invaded by cars and even disappear, and there are obstacles, holes, steps, etc. 
Efforts are needed to design the pedestrian service, protect against vehicles and improve 
crosswalks, but it is imperative to be able to see all of these deficiencies in an objective way. 

When applying the methodology described above, in the first phase information was gathered from 
the local authorities and experts: the mayoral team, the urban planning team, the team from the 
Inter-American Development Bank, neighborhood representatives, wheelchair users, etc. 

The second phase involves citizen participation, in which people of different ages and conditions 
discuss the factors that influence them the most when walking. 

Finally, the fieldwork is performed, led by the city’s urban planning team. The auditors receive 
training which enables them to gather the data, specifically 42 items on each sidewalk and 13 
items on each crosswalk. 

Once all of the data have been fed into the WCT tool, the results enable us to develop an analysis 
and diagnosis of the walkability of the zone. The average score of the area (Figure 2) gives an idea 
of its degree of walkability. Furthermore, each stretch of sidewalk and each crosswalk can be 
analyzed through their overall WCT Score (Figure 3) or thematically. 
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Figure 2. Average WCT Score of the area of study. 

 
Figure 3. WCT Score on stretches of sidewalk. 

The average score per zone (Figure 4) allows us to compare the different walkability conditions in 
each neighborhood. 
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Figure 4. Average WCT Score per neighborhood. 

The picture reflects the walkability of the streets projected over the area (Figure 5), revealing the 
focal points of positive influence, such as parks and the more walkable streets, compared to the 
zones with the most dire shortcomings. 

 

 
Figure 5. WCT Score in área. 

In addition to the analysis from the map with the overall scores of each stretch of sidewalk, 
studying the different thematic areas separately or even certain particular items by neighborhood 
(Figure 6) allows us to determine the priority strategies of action. 
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Figure 6. Example of neighborhood analysis. 

All the subway stations and their coverage are also analyzed (Figure 7). The roadway network 
surrounding the subway stations, with their sidewalks and crosswalks, is what provides the 
pedestrian coverage needed to allow the public transportation network to be used to its fullest. 
Improvements in the walkable network near the stations will lead to an improvement in their 
accessibility and a consequent increase in the number of users. Two stations are located within the 
area of study, situated with a service radius of between 400 and 500 meters (approximately a 5-
minute walk). However, this is a theoretical radius which could be transformed into real distances if 
routes are taken along sidewalks and crosswalks. Thus, these 400 meters considered suitable for 
the station service are reduced considerably in some areas due to the morphology of the urban 
fabric, such as large city blocks, few crosswalks, etc. (Figure 8). 
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Figure 7. Theoretical radial coverage of the stations. 

 
Figure 8. Coverage by sidewalks and crosswalks. 

If we further this analysis with the influence of the characteristics of the streets when walking (WCT 
Score), we can see how the theoretical distance of 400 meters contracts when the scores are low 
and expands when they are high (Figure 9). This reflects the fact that people are willing to walk 
more on some streets than others. A superimposition of the study of this coverage with the 
theoretical initial radius of 400 meters reveals that in some cases the characteristics of the streets 
are effectively shrinking the area covered by the infrastructure (Figure 10). 
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Figure 9. Coverage with WCT Score. 

.  

Figure 10. Comparison of coverages. 

A sound strategy to foster and support the use of the subway network is working on the factors that 
affect the walkability of the areas around the stations. Some of the factors are quicker and easier 
to improve than others, and some are the outcome of others and happen naturally over time. 

4. Discussion 

The WCT tool groups together and weighs the factors that affect walkability by assigning values to 
the network of sidewalks and crosswalks. Thus, the areas can be analyzed by both the overall 
value of the streets and the partial scores by areas (Modal Distribution, Urban Grid, Urban Scene, 
Safety and Environment) and, of course, by viewing the maps of each of the items covered. Just 
like any database, it has to be consistently updated so that the city managers can have a clear 
picture of the situation of the streets, establish priorities and intervention strategies and manage 
the available resources, aimed at investments that seek clear objectives instead of merely 



22nd International Sustainable Development Research Society Conference (ISDRS 2016), Vol. 1 
School of Science and Technology, Universidade Nova de Lisboa, Lisbon, Portugal, 13-15 July 2016 

 

800 
 

generating maintenance costs. 

5. Conclusions 

In order to ensure that pedestrian mobility is borne in mind at the same level as vehicle mobility in 
mobility policies and plans, it is essential to have objective data. Walkability City Tool captures 55 
main parameters of the pedestrian network (sidewalks and crosswalks) which are weighed to yield 
a walkability index. Feeding the information into a GIS allows the network as a whole to be 
analyzed, as well as each element independently, and it also allows routes to be calculated. The 
tool can be applied in countless ways: making strategic decisions on the city, developing specific 
indicators to monitor its evolution, laying out specific routes for groups (walks to school, tourism, 
the disabled), comparing grids, the influence of the walkable network on actions on the urban grid, 
etc. 

Walkability City Tool is therefore a powerful analytical tool for sustainable urban management:  

- Environmental sustainability, since intelligently managing mobility based on an analysis of 
the pedestrian network allows decisions to be made aimed at encouraging less-polluting 
means of transportation in order to lower emissions, noise, congestion and accidents and 
improve air quality, acoustic quality and citizen health. 

- Economic sustainability, since establishing and monitoring parameters and indicators on 
urban pedestrian activity allows actions to be planned and prioritized, transforming 
spending into investment. Furthermore, the tool also provides data to help take strategic 
decisions on retail and tourism, the economic engines of many of our cities. Indirectly, the 
environmental and social improvements also translate into economic savings for citizens 
(for example, less pollution and improvements in healthy living habits lead to lower 
healthcare spending). 

- Social sustainability, since the main goal of intelligently managing the city is to improve its 
inhabitants’ quality of life. The Walkability City Tool allows factors to be identified that can 
lower social exclusion, foster integration, improve social relations and quality of life in the 
city and minimize conflictive spots. Furthermore, the improved quality of our public spaces 
and their transformation to the scale of citizen on the street improves social relations and 
life in the city. 

Analyzing each street and each crosswalk allows us to study urban grids as a whole in the quest 
for a model that increases complexity, cohesion, compactness, information and knowledge so the 
compact, diverse city head towards sustainability and the Smart City. 
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Abstract 

The management of bio-wastes has become a critical issue in terms of global warming and 
contamination of natural resources. Anaerobic Digestion (AD) offers the opportunity to produce 
both biogas and other valuable sub-products derived from the digestate such as Low-Grade 
Activated Carbon (LGAC). The biogas is suitable for grid injection or for fuel transportation when 
upgraded to Green Gas (GG) (methane > 97% v/v), and LGAC can be used for biogas upgrading 
to GG. Two types of wastes that are quite suitable to AD are the Organic Fraction of Municipal 
Solid Waste (OFMSW) and Maize Residues (MR). OFMSW is produced worldwide in high 
amounts, while maize, the most produced cereal in the world, generates wastes that often exceed 
the organic-C quantity needed for soil fertilization, being available as a non-economic waste. Maize 
residues (MR) can be valorised directly for producing LGAC or can be, after a proper pre-
treatment, co-digested with OFMSW for biogas production. This work corresponds to the 
preliminary phase of a recent European project and comes across the optimization of AD 
operational conditions and process adjustments for biogas conditioning and upgrading to produce 
GG through a bio-refinery concept. To run an AD lab-scale unit, it was used a pre-hydrolysed 
OFMSW obtained from the hydrolysis tank of an industrial AD plant. In order to increase its 
digestibility, the MR was ground and submitted to different pre-treatments: Microwave Irradiation 
(MWI) assisted pre-treatments catalysed by sodium hydroxide (Na(OH) 2, 4, 6, 10 and 20 % w/w, 
an High Boiling Solvent (95 % glycerol + 5 % H2O, 95 % glycerol + 5 % Na(OH) 1.0 M and 95 % 
glycerol + 5 % Na(OH) 1.5M) and hydrogen peroxide (H2O2) at 0.125, 0.25, 0.5 and 1.0 
H2O2/biomass ratios). A room temperature chemical pre-treatment with hydrogen peroxide 0.125, 
0.25, 0.5 and 1.0 H2O2/biomass ratios is carried out. The pre-treated MR with higher lignocellulosic 
biomass solubilisation, low inhibitors content and higher sugar yield is feed into the digester 
operated with the OFMSW. The efficiency of (i) the anaerobic digestion of the hydrolysed OFMSW 
and (ii) the co-digestion of the hydrolysed OFMSW and hydrolysed MR will be assessed through: 
a) the conversion efficiency of the organic substrate into biogas and b) the biogas quality. The 
biogas produced, before being introduced into the upgrading system, has to be previously 
conditioned to reduce hydrogen sulphide (H2S) and possibly carbon dioxide (CO2) content. In this 
project phase, activated carbon columns are installed. In a later stage, Pressure-Swing Adsorption 
(PSA) technology using the activated carbon produced from the MR and from AD digestate will be 
applied in the ongoing project, fulfilling the requirements of the bio-refinery concept proposed.  
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Abstract 
Energy demand from buildings is of particular importance as it accounts for a significant amount of 
the final energy use, offers massive savings in terms of environmental impacts, and restricts the 
speed of change through the long lifetime in our build environment. State-of-the-art technologies 
such as heating systems present a major opportunity to reduce buildings’ energy demand and 
mitigate environmental impacts drastically in the next couple of decades. In this context, an 
important issue is to get a deeper understanding of homeowners’ decision-making process 
identifying factors which foster or hinder heating system adoption decisions. Although the number 
of studies which investigate factors influencing such decisions increased in recent years, this study 
addresses some outstanding issues by (i) conducting real preference research; (ii) operationalizing 
homeowners’ behaviour based on innovation and behavioural models; and (iii) considering heating 
system adoption decisions as a process. The purpose of this study is to empirically research 
private homeowners’ decision-making process for heating system replacements and new 
installations identifying their motives to invest, information channels, actors and factors influencing 
the adoption to specific types of heating systems. In this context, a systematic literature analysis 
and four guided interviews with experts in the field of heating engineering were conducted (April 
2015). These interviews aimed at validating and exploring the decision-making process of private 
homeowners. The results of the literature analysis and interviews served as a valuable basis to 
design a quantitative questionnaire. In an empirical survey (September – October 2015) data was 
collected from private Austrian homeowners of existing or newly build single and double-family 
houses. A representative sample of 1.000 homeowners was randomly selected by the professional 
research survey service provider Qualtrics, the world’s leading panel survey software company 
(adopters with N = 560, non-adopters with N = 440). The first results of the empirical survey show, 
that the decision for specific heating systems is not only depended on building characteristics and 
economic factors, but is also determined by the (i) motives homeowners have to invest in a new 
system; (ii) information channels they use and suggestions by contacted actors; and (iii) by 
ecological factors or factors concerning supply security issues. The results of the study give new 
insights into the decision-making process of private homeowners and enable to derive policy 
measures fostering renewable heating systems. Decisions for heating technologies in the private 
building sector are important as these decisions have long-term effects not only on the future 
building infrastructure, but also on the future energy demand and our climate. 

Keywords: Heating systems; private homeowners, decision-making process 
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Abstract 

Small hydropower schemes (SHPs) are often defined as schemes with installed capacities up to 
10 MW. Due to their small size and exploitation mode they are usually recognized as 
environmental-friendly technologies. However, they modify the river flow regime, especially along 
the river reaches between the water intakes and the powerhouse tailraces. Based on twelve SHPs 
located in Portugal, the study aimed at characterizing the alterations in the river flow regime due to 
schemes and their effects on the aquatic and riparian vegetation. For each scheme a comparison 
is done between the flow regime prior and after its construction, by means of indicators of 
hydrologic alteration (IHA) applied to the natural flows and to the flows resulting from simulation 
studies. Three river reaches were considered: the one upstream the water intake with natural flow 
regime; the interfered reach located between the water intake and the powerhouse of the SHP 
which assumable will denote the most significant alteration; and the modified regime downstream 
powerhouse and which is most sensitive to the storage capacity of the reservoir of the SHP. 
Information about the riparian and the aquatic vegetation in river stretches where the schemes are 
located was collected and summarized in the form of metrics. To identify relationships among the 
IHA and the river regimes a PCA was performed. It was concluded that there is significant 
alteration in the flow regime in the river reaches between the water intakes and the turbine 
tailraces. On the other hand, little or no change was observed between the flow regimes 
downstream the powerhouse and upstream of the water intakes. Based on the results of the 
vegetation metrics for the monitoring locations, a small decrease in the ecological quality of the 
interfered and modified river stretches, when compared with natural ones was observed. Finally, 
plant traits were assigned to each species and functional, compositional and structural metrics, 
with expected responses to flow alterations were obtained and compared between monitoring 
locations and analysed, according to expected responses. The study showed that (i) the river flow 
alterations are mostly relevant in the interfered river reaches; (ii) a decrease of the ecological 
quality is observed in reaches with interfered and modified river flow regimes, which might be 
indicative of the effects of hydrologic disturbance in the vegetation communities and in their lateral 
and longitudinal structure, making it deserving surveillance; (iii) though responses of metrics were 
mostly concordant with what was expected under disturbance, the magnitude of changes was 
small, in comparison with the magnitude of alterations in the flow regime; (iv) despite the similarity 
between natural and modified regimes, further studies are required in order to analysis the effects 
of the sub daily flow variations in the structure and composition of vegetation downstream of 
powerhouses; (v) the methodology applied to these case studies can be replicated for other small 
hydropower schemes, with the careful prior analysis of other environmental and habitat variables, 
so that the study of the disturbances due to river flow regime alterations is reliable. 

Keywords: Small hydropower schemes; natural, interfered and modified flow regimes; indicators 
of hydrologic alteration; river flow modelling; aquatic and riparian vegetation 
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Abstract 
Coal combustion is related with emission to the atmosphere of many pollutions occurring 
in the flue gas stream among others: NOx, CO2, SO2, CO, Hg (gaseous form and solid 
particles). Considering purification of sulphur or nitrogen pollution there are exist many 
efficient methods for removal of them from flue gas. In case of carbon dioxide one of the 
CO2 reduction option is CCS (Carbon Capture and Storage) technology. the problem is too 
high cost of carbon dioxide capture stage, where its cover up to 75% of the total cost of 
CCS. Therefore there is a necessity to search new, cheaper sorbents of CO2. The second 
problem constituted a presence of mercury compound in the flue gas during carbon 
dioxide capture. Mercury compounds, although occur in very small amounts in the exhaust 
gas stream they reduce of CO2 sorbents efficiency. Besides during transport of carbon 
dioxide via pipelines mercury cause their corrosion. Therefore the main aim of the studies 
was to evaluate possibility of synthesis of micro/mesoporous materials from fly ash in 
order to evaluate their sorbents properties from point of view mercury removal to avoid air 
pollution. Tested materials constituted zeolites (Na-X type) and mesoporous materials 
(MCM-41) obtained from fly ash (coming from hard coal combustion). Derived micro-
/mesoporous materials were characterized by mineralogical (XRD, SEM-EDS), chemical 
(XRF) and textural analysis (BET surface area, PSD - Pore Size Distribution). Carried out 
examination have shown that Na-X zeolites have micro-/mesoporus nature where MCM-
41 is mesoporous. Chemical composition of tested materials revealed a significand 
amount of silica in both tested materials: Na-X (SiO2 = 40% wt.) and MCM-41 (SiO2 = 
88%). Besides in X type zeolite it is observed a large amount of aluminum ( Al2O3 = 28%). 
In SEM observation Na-X have cubic crystals however MCM-41 have spherical shape 
grains. Preliminary test of mercury removal carried out on raw zeolite material have shown 
that this material remove neglect amounts of Hg. Only silver activation of Na-X significant 
improve mercury sorption (event five times better than commercial active carbon with 
bromine). Therefore tested porous materials can be promising material for removal of 
mercury compound but only after activation of them by silver compound or etc.   
 
Keywords: Mercury, CO2 sequestration, micro-/mesoporous materials, fly ash 
This work was financed from National Centre for Research and Development (NCBR) contract 
number LIDER/384/L-6/14/NCBR/2015 
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Abstract 
From the historical response of the United Nations Framework Convention on Climate Change 
(UNFCCC) two critical hindrances to effective global mitigation are identified: a) its top-down 
nature does not fully articulate stakeholders’ interests and b) the progressive concentration of 
these gases outpaces the existent mitigation ability.  We argue that solutions to these hindrances 
are critical for successful mitigation. Hence we present a case-study of the city of Hong Kong (HK), 
aimed at identifying complementary modes of governance, coupled with a means of acceleration of 
magnitude in greenhouse gases offsets. We identify the advantages of downscaling the 
UNFCCC's policy cycle (quantification, evaluation, differentiation and target-setting) and 
transnational municipal networks as enablers for multi-level stakeholders integration. We identify 
urban information modeling as an enabler of horizontal stakeholders integration and finally urban 
4E (energy, environmental, economical, engineering) analysis as an enabler of progressive 
mitigation.  Based on this, to facilitate the local Climate action plan, we advance a prototype 
decision support system dubbed Energy Efficiency Information Platform. This platform is consistent 
with the Intergovernmental Panel on Climate Change and the International Energy Agency 
methodologies and serves both the evaluation of compliance of HK's voluntary carbon intensity 
target (-55% by 2020) and to identify progressive mitigation solutions for its achievement.  As such, 
we determined the base carbon intensity (CI) scenario upon which we simulated citywide energy 
efficiency optimization; thus responding to stakeholders integration and mitigation acceleration in a 
new world context.  This simulation runs on a simplified HK MARKAL-MACRO within which we 
identify a Priority Set of Systems and simulate its energy optimization. This process therefore 
represents the potential offset yield of a citywide energy optimization iteration and the 
corresponding result is tracked in a CI benchmark index of the overall urban system. The results 
from this offset, in reference to 2015, are: i) the identified Priority Set of Systems belongs to the 
space conditioning end-use, from leased areas of commercial buildings and comprises only 2% of 
the total units within its specific demand sub-sector end-use, ii) it achieves -3.3% from the 55% 
HK's CI target, iii) it offsets 1.7% from the overall HK CO2-equivalent emissions (-905 Kilotonnes 
CO2-eq) and iii) represents $40,963,000 HK in CO2 emission quotas (Shenzhen exchange, Jun. 
2014). Thus we demonstrate that: a) by carbon policy dialectics and bottom-up 4E modeling a 
citywide optimization algorithm with high offset potential can be identified and b) through integral 
methodological compatibility it can benefit from the critical properties of iteration, recursion and 
scalability within global Climate frameworks. Hence we conclude that the Energy Efficiency 
Information Platform would i) foster integral collaboration, ii) contribute to simplify the global 
mitigation framework and iii) render a finite nature to mitigation problems. These are invaluable 
features for: a) Differentiated and refined regulatory frameworks, b) to support integrally compatible 
carbon finance (financial securitization of energy efficiency, citywide certified emissions reductions, 
etc...) and c) to identify additional clean urbanization principles. All of which compatible, both at the 
UNFCCC and transnational municipal networks level.  

 

Keywords:  Mitigation,Integral, Simplification, Evolutionary, Optimization 
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Abstract 
Climate change, population growth, urbanisation and pollution all mean that society faces an 
urgent need to adapt to reductions in natural resource availability and reductions in energy 
consumption. Consequently, most countries are implementing national and regional programs to 
reduce carbon emissions from many industrial sectors.  The water industry has a significant role to 
play in achieving this goal, as wastewater treatment is an energy-intensive operation. The largest 
energy usage in wastewater treatment is found in the vigorous aeration of settled sewage in the 
activated sludge process (ASP), which alone contributes to over 55% of the energy costs 
associated with wastewater treatment. Energy consumption has increased significantly in the last 
two decades, and further increases of 60% are forecast in the forthcoming 10-15 years. These 
increases have been brought about primarily in response to tightened legislation and regulation 
surrounding the discharge of final effluent from WwTWs to watercourses. The quality of 
wastewater is generally assessed using physical, chemical and microbiological tests. Among these 
techniques, reliance is often placed on biological oxygen demand (BOD), chemical oxygen 
demand (COD) and total organic carbon (TOC). However, these global parameters depend on 
expensive or time-consuming methods, offering only snapshots of moments in time. Consequently, 
water utilities often over-aerate in order to ensure compliance with final effluent standards. This 
means that there is a significant opportunity to save energy by optimizing aeration control in the 
ASP in order to minimize energy consumption whilst maintaining final effluent compliance. It is 
estimated that 40 % of the energy consumption in wastewater treatment works could be reduced if 
an effective method is used for effluent quality monitoring. Fluorescence has been shown to be a 
valuable technique in characterizing dissolved organic matter (DOM) and tracking sources of 
pollution in surface water. Therefore, this study aims to use fluorescence spectroscopy as an 
innovative and robust method to monitor and control the chemical and microbiological quality of 
wastewater in ASPs. The removal efficiency of DOM in five wastewater treatment works, at 
different processing stages, was investigated. Samples of crude, settled and secondary treated 
wastewater (activated sludge), and final effluent were collected. Fluorescence was measured for 
unfiltered and filtered (0.45 and 0.20 µm) samples. The measurements were correlated with BOD, 
COD and TOC. Moreover, the potential of using portable fluorimeters was explored in comparison 
to laboratory-based instruments. Good correlations were observed for filtered and unfiltered 
wastewater samples between fluorescence intensity and BOD (r = 0.78), COD (r = 0.90) and TOC 
(r = 0.79). BOD displayed a higher correlation at the 0.20 µm filtered samples compared to COD 
and TOC. Slightly better relation was seen between fluorescence and conventional parameters at 
the portable fluorimeters compared to laboratory-based instruments. The results indicated that 
fluorescence spectroscopy could be used for continuous, real-time assessment of DOM removal 
efficiency in wastewater treatment works. [This work was funded by Core Program, under the 
support of ANCS, project OPTRONICA IV, PN 16.40] 

 

Keywords: energy, wastewater treatment works, fluorescence spectroscopy, dissolved organic 
matter 
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Abstract 
The assessment of the environmental services provided by ecosystems can be considered one of 
the new tools about the prospects for land surface with human occupation. The expectation that 
such services may provide regulatory process and the provision of goods, meet the new demands 
for sustainable development. This paper seeks to establish some mechanisms of evaluation for 
some of the hydro environmental services in areas under pressure by human occupation, in order 
to use, these services, for regional development. Remote sensing technology tools and digital geo 
physical data were used to analyze the diagnoses semi arid local ecosystem. Vegetation index, 
albedo and the relief of watersheds were used in the assessment of the behavior of the surface 
temperature, and consequently give support to the potential assessment of climatic and hydric 
comfort. The vegetation associated with the physical characteristics of the relief formed a set of 
very important variables in explaining surface temperature. Just the vegetation, limited or no by 
their physiological characteristics, already could be a very important interference factor for that 
region. Knowing the importance of environmental services and the difficulties of managing natural 
resources in theses semi-arid areas, the conservation of natural vegetation areas could potentially 
provide much of the climatic and environmental water services on a regional scale. Thus, local 
authorities should be interested in the results of this assessment, because the mapping of 
environmental services areas, associated with surfaces under anthropic pressure for resources 
consumption, can be considered for regional development and creation of new public policies. 

Keywords: Geoprocessamento; Sensoriamento remoto; Hidrologia; Semiárido. 

1. Introduction 
The concept of Environmental Services (ES) came up with the need to demonstrate that 

natural areas are responsible for complying essential functions in the maintenance processes of 
life, in opposition to the false idea that preserved or intact ecosystems are considered 
“unproductive” or “obstacles to the economic development”.  This means that the entire 
ecosystem is a natural system that produces a number of benefits of which man appropriates 
(such as water, wood and food) or consumes (such as landscape, climate regulation and air 
purification) (CAMPANILI and SCHAFFER, 2010). 

 The characterization of environmental services is not simple and the evaluation of their 
qualities even less, this is because the ecosystems are rich in specifics, and questions about the 
balance, stress and potential about provision of the service may suffer considerable variations. 
This complexity makes it relatively expensive a systematic experimental analysis for an ecosystem 
of large or medium scale, being necessary to the development of new strategies such as the use 
of applied technology.  

 With the development of the remote instrumentation, that is an increment of hardware and 

software applied to obtain physical data without direct contact, mainly from the 70s, became 
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possible the increasing use of mechanics, thermophysical and computational technology directed 
to the environmental studies, so appears the field of scientific studies based on remote sensing. 

 Through the images and data obtained by remote sensing is viable to analyze terrestrial 
targets based on photodynamic spectral characteristics. This technology is emerging as an 
alternative of experimental realization of dynamic environmental research for large scales, from the 
stimulus and geoprocessing appropriate to the directed interpretation. 

 Orbital images obtained by diverse types of satellite can also be useful tools for evaluation 
of the space distribution and the status of environmental components. In turn, hydric elements 
present potential for practical applications of orbital remote sensing, because it has easiness in 
interacting with the electromagnetic energy and presents a great strategical importance. (ZWART 
& BAASTIANSSEN, 2007). 

 So, the objective of this research was to use the orbital images of the satellite Landsat 5 
(sensor TM), generated from the remote sensing of the Brazilian semi-arid region's surface, as a 
technical subsidy to develop strategies of evaluation of the regional hydroclimatic environmental 
services, estimating its cause and local integrity based on visual interpretation and statistical 
analysis. 

The region selected for the propose of this assessment is important for the development of 
the state of Pernambuco – Brazil, because, according to the Water Agency (ANA) in your Atlas 
(2005) and the local strategic planning for water, Pernambuco (2008), the region concentrates a 
mix of conditions naturally adverse to human installation and the production of goods, with a very 
limited water supply (intermittent rivers) and political conflicts. At the same time has a rate of 
irradiance perfect for irrigated production and production of photovoltaic electricity, beyond the 
strategic positioning for the development of semi-arid region of Northeast Brazil. 
 
2. Materials and Methods 

2.1 Description of the study area 
The Pajeú's River watershed fits into the context of experimental and representative basins of 

the SUDENE (CIRILO et al., 2007), which is located between the geographical coordinates of 
07°16’20” and 08°56’01” south latitude and 36º59’00” and 38°57’45” west longitude of Greenwich. 
It is inserted in the physiographic region of the Pernambuco’s backwoods, in the microregions of 
the Pajeú, of the Sertão do Moxotó, of the Salgueiro and of the Itaparica (CIRILO, 2008). 

 The Pajeú's watershed is limited to the north by the states of Ceará and of Paraíba, to the 
south by the third group of basins of small interior rivers GI3 (UP22) and the Moxotó’s watershed, 
to the east by the Moxotó’s watershed and the state of Paraíba, and to the west by the watershed 
of the Terra Nova river (UP10) and the fourth group of basins of small interior rivers GI4 (UP23).  

It is one of the Pernambuco's basin that belong to the strand of the São Francisco River 
and also is the most extensive among the river basins of the state, with an area of 16685.65 kmª, 
which corresponds to 17.02% of the state surface (SRHE-PE, 2006). The area has a annual 
rainfall averages less than 800 mm, concentrated in the months February, March and April, period 
in which the precipitation represents up to 70% of annual total (SECTMA-PE, 2006) and where are 
located the sources of the river system's first makers.  

In the Pajeú’s basin, and throughout the Pernambuco’s backwoods mesoregion, rainfed 
agriculture and livestock are the main economic base of the region, and the extreme exploration of 
livestock, is a determinant for the fragility of the economy. Irrigation is present with little influence 
due to water potential generated within the region. 
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Figure 1: Determination of the crop area, in this case, the south-central portion of the Pajeú’s 
watershed. 

2.2 Methods 
The choice of the area’s limits to perform the modeling obeyed to the mosaic’s cut of the 

integrated Brazilian watersheds referring to the Ottobacias project of the National Water Agency – 
ANA, thus forming a landscaped fractional fragment from the central region of Pernambuco, 
corresponding to a big part of the watershed of Pajeú.  

From the image TM of the Landsat 5 satellite, precisely of the orbits 216 point 66, on 
20/11/2009 the procedures for application of the model were performed. The images were 
geometrically corrected and then it was possible to safely perform the step of deleting the gray 
areas, which mean, areas with cloud cover. 

The initial step in modeling was the computation of the spectral radiance of each band   (
), obtained by transforming the digital number (DN) of each pixel in monochrome spectral 

radiance, process which is also known as radiometric calibration.  

The radiance represents the reflected solar energy for each pixel, per unit of area, time, 
solid angle and wave length, measure to the level of the Landsat satellite 5 TM. For the spectral 
bands, it represents the energy emitted by each pixel, which can be obtained according to the 
equation of Markham & Baker (1987): 

 

Lλi=ai+bi−ai254DN−1           (1) 

Where: "a" and "b" are the minimum and maximum spectral radiance (Wm-2 sr-1µm-1) reported by 
Chander and Markham (2007), DN is the pixel intensity (integer between 0 and 255) and "i" is each 
band of Landsat 5 TM. 
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In the second stage it was gotten the computation of monochromatic reflectance of each 
band , which is defined as the ratio between the flux reflected radiation and the flux incident of 
radiation. From the data about the maps of spectral radiance of each band, information about the 
cosine of the solar zenith angle and spectral irradiance at the top of the atmosphere according to 
Chander and Markham (2007), was estimated the global spectral reflectance in each band by 
equation Allen et al. (2002), based on the first approach described in Bastiaanssen, (1995): 

ρλi=π∙Lλikλi∙cosZ∙dr	  (2) 

 

is the spectral radiance of each band,  is the spectral irradiance of each band at the top of 

the atmosphere , Table 2), Z is the solar zenith angle and  is the square of the 
ratio Earth-Sun’s distance average (ro) and the Earth-Sun distance (r) at a given Julian day of the 
year (JD) according to Iqbal (1983). 

To make the model more sensitive to surface variations, the proposed calculation for the 
solar zenith angle for each pixel was used. In areas with steep slopes the angle of incidence of 
solar radiation depends on the surface slope and its aspect, that is, the azimuth of the normal to 
the surface, requiring in this case, the Digital Elevation Model Land – DEM and which was 
obtained by the equation proposed by Duffie e Beckman (1991): 

 

cosθrel=sinδsinɸcoss−sinδcosɸsinscosγ   (3) 

+cosδcosɸcosscosω 

+cosδsinɸsinscosγcosω 

+cosδsinγsinssinω 

 

In what δ is the sun declination (positive in the summer of the northern hemisphere); φ is the 
latitude of the pixel (positive for northern hemisphere and negative for the southern hemisphere); s 
is the surface slope, s=0 for horizontal and s=π/2 rad for a decreasing inclination in the vertical line 
(s is always positive and represents the decrease of the inclination in some direction); ϒ is the 
angle of the surface's aspect, and ϒ=0 for inclinations guided for south, ϒ=-π/2 rad for inclinations 
guided for east, ϒ=+π/2 rad for inclinations guided for west and e ϒ=±π radianos for inclinations 
guided for north. The parameter ω is the hourly angle, in what ω=0 to the half day, ω is negative 
during the morning and positive in the afternoon. All trigonometric functions are in radians. In the 
case of a flat surface, in which the aspect and the inclination are ignored, Equation 3 is reduced to 
the following equation:  

 

cosθhor=sinδcosɸ+cosδcosɸcosω      (4) 

  
Getting the elevation angle of the sun (E), the solar zenith angle for a plain and horizontal 

surface can be calculated as the difference between the solar culmination angle and the angle of 
the rise, to a flat surface, as can be seen below: 

 

Cosθ=cos(90°−E)       (5) 
 

 Another important characteristic is that through the correction of cosZ for the cosθhor it is 
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possible to reorganize the albedo not adjusted to the atmospheric transmissivity that now will use 
the value of the cosθhor for each pixel.  

The next step is the computation of planetary albedo , which is the albedo 
uncorrected to the atmospheric effects, obtained by linear combination of the monochromatic 
reflectance: 

αtoa=0,293ρ1+0,274ρ2+0,233ρ3+0,157ρ4+0,033ρ5+0,011ρ7   (6) 

 e  are the planetary reflectance of the bands 1, 2, 3, 4, 5 and 7. 
 

 The surface albedo or also known as albedo corrected to atmospheric variations could be 
calculated based on the expression (Bastiaanssen et al., 1998): 

 

α=αtoa−αpτsw2     (7) 

 
Where αtoa  is the planetary albedo, αp  is the albedo of the atmosphere itself, that range between 
0.025 and 0.04 and τsw is the atmospheric transmissivity, gotten for clear sky conditions by 
equation proposed by ASCE-EWRI (2005).  
 

τsw=0.35+0.627exp[−0.00146PKtcosθhor−0.075	Wcosθhor	0.4]   (8) 

P=101.3293−0.0065z2935.26...(9) 

W	=	0.14eaPair+	2.1   (10) 

 

Where P is the atmospheric pressure (kPa) - Eq. (7); W is the precipitable water (mm) - Eq (8); θhor 
is the solar zenith angle with the horizontal surface - Equation (4); Kt is the coefficient of turbidity of 
the atmosphere - Kt=1 for clear sky and Kt=0,5 for extreme turbidity, with many particles or polluted 
air (ALLEN 1996; ALLEN et al., 1998).   

In sequence is the calculation of vegetation indices. First, the Normalized Difference 
Vegetation Index (NDVI), which is obtained by the differences in the reflectivity of near infrared 
(ρIV) and of the red (ρV), through the sum of the both: 

 

NVDI=ρIV−ρVρIV+ρV     (11) 

 

ρIV and ρIV  represent the planetary reflectance of the bands 4 and 3 of the TM - Landsat 5.  

  

To calculate the Soil Adjusted Vegetation Index – SAVI, which is an index that aims to 
soften the effects of the soil background, was used the expression of Huete (1988):  
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SAVI=1+LρIV−ρVL+ρIV+ρV     (12) 

 

In what “L” is a function of the soil type. In several studies it was observed that L may vary from 0.1 
to 0.5, and this last value is the most frequent value. For this study it was used L = 0.1 (Huete 
&Warrick, 1990; Accioly et al., 2002; Boegh et al., 2002). 
 

The Leaf Area Index (LAI) was defined as the ratio between the leaf area of all vegetation 
per unit of area used by this vegetation. The LAI is an indicator of the biomass of each pixel, and it 
was computed by the following empirical equation obtained by Allen et al. (2002): 

 

LAI=−ln0,69−SAVI0,590,91     (13) 

To obtain the surface temperature, was used the Planck equation inverted, valid to a black 
body. Since not each pixel emits electromagnetic radiation with a black body, it is necessary to 
introduce the emissivity of each pixel in the spectral domain of the thermal band εNB, which is: 10.4 
- 12.5 µm. In turn, in relation to the compute of longwave radiation emitted by each pixel, it is to be 
considered emissivity in the entire domain of longwave radiation - ε0 (5 – 100 µm). According to 
Allen et al. (2002), the emissivities εNB and ε0 can be gotten, to NDVI > 0 and LAI < 3, based on:  

 

εNB=0,97+0,0033.LAI     (14) 

ε0=0,95+0,01.LAI     (15) 

 

For pixels with LAI ≥ 3, the εNB = ε0 was considered equal to 0.98, and for the water bodies 
(NDVI < 0), εNB = 0.99 and ε0 = 0.985, according to recommendations of Allen et al. (2002). 

Finally, to calculate land surface temperature (LST), were used the spectral radiance of the 
thermal band (Lλ,6) and the emissivity obtained in the last step. This way it was computed the LST 
(K) for the study area, by the following expression: 
 

TST=K2lnεNBK1Lλ,6+1     (16) 

 

Where, K1 = 607.76 W/m² sr-1 µm-1 and K2 = 1260.56 K, are constants of the thermal band of 
Landsat 5 TM (Allen et al., 2002; Silva et al., 2005).  

 

To perform a statistical geoprocessing, was elaborated a sampling grid, type fish net, from 
where were collected the physical data from the pixel's centroid. The points have an equidistant 
disposal to 3 km of ray of any another amostral point. In total, 1055 points were scattered on the 
image semi-arid surface, as can be seen in the Figure 2. 
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Figure 2. Methodological structure for environmental data sampling from the 
geoprocessing products and remote sensing products of the watershed in question. 

3. Results and Discussion 
3.1 Surface Temperature 

 
 The land surface temperature (LST) is spatialized from the detection of longwave radiation 
emitted in the thermal infrared range detected by satellite sensors. The LST is a variable that 
refers to the heat flux given in terms of the balance of radiation that reaches and leaves a body, 
and has a spatial variation influenced by the received insolation, the surface nature, the distance 
from the hydric body, the relief, the nature of prevailing and temporal winds, conditioned mainly by 
seasonal variations in the volume of the received radiation, which varies with the latitude and the 
degree of continentality. 

The air temperature, which depends of a number of external factors (incidence of radiation, 
daily and annual cycle, latitude, topography, altitude) and internal factors (moisture, chemical 
composition of the elements of the soil, and others), usually answer quickly to changes in land 
cover, since the presence of vegetation cover assists in thermal regulation of the surface by means 
of the evaporation process. The LST is very important for understanding the interactions between 
the surface and the atmosphere and for the modeling of air temperature in the lower layers of the 
urban atmosphere, been used in many studies, as example, for the development of climatic 
models. In addition to studies of climate issue, the LST, that is quite sensitive to vegetation and soil 
moisture, is used to detect changes in land cover (MALLICK et al., 2008; AMIRI et al., 2009; 
IFATIMENHIN and ADEYEMI, 2008). 

In this study it was possible to observe that the surface temperature was lower in areas with 
apparent vegetation cover with concentration of moisture and indirectly to the presence of water. 
The minimum values for the used image were 19.6°C, observed in water reservoirs. In turn, the 
maximum values were 45.3 ° C, observed in areas of rocky outcrop, possibly of gypsum formations 

in the region, and values close to these were also observed in areas of intense urbanization. 
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The average value of the surface temperature for the south-central region of the Pajeú to this 
imaging was 35.8°C at the time of image capture.  

 

 

Figure 3. Map of the surface temperature (LST) in the south-central region of the Pajeú’s 

watershed. 

 
 
3.2 Surface Temperature x NDVI 
 

 The value of F (regression) referring to the analysis of the temperature dependence in 
relation to the NDVI is very significant (p < 0,0001), rejecting the nullity hypothesis and accepting 
the alternative that the surface temperature varies with the positive and negative variations of the 
NDVI. It is evidenced, in this example, from the adjusted coefficient of determination (R²), that 
48.68% of the dependent variable is explained by the predictive variable, should other factors act 
as additional predictors on the temperature variation.  

 As can be seen below in Figure 4, the data distribution from the pixel extraction grid shows 
a visibly predictive trend. 
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Figure 1. Study of the dependence of LST variable in relation to NDVI. 

 

3.3 Multivariate analysis: LST x ALBEDO x NVDI x SAVI x LAI 

  

The result of this analysis could incorporate other environmental factors as contributors to 
explain the variation of LST.  With an adjusted R² in 51% of explicability, a p<0.0001 and a multiple 
correlation coefficient of 72%, it is considered that the judged variables are highly explicable for the 
dependent variable. Even so, it was possible to observe that the multivariate regression test 
rescued an explicability just a little bigger than the previous linear analysis, where was confronted 
just the NDVI's participation. In the Figure 5 below, it can be observed the performance of the 
linear trends for each prediction. 
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Figure 2.  Regression test between the addressed variables in the construction of the surface 
temperature map. The component A refers to the surface albedo, B to the SAVI and C to the LAI 
component. 
 

Each observed variable as a sub-product for construction of the surface temperature map 
(LST) has an implication in the explicability of the temperature’s superficial variation in the south-
central region of Pajeú. It was possible to be observed in Figure 7, but, the applicability of the set 
of associated variables to the surface characteristics were not sufficient to relate totally or almost 
entirely the temperature variation. This way, it is necessary to do others dependency studies, 
relating physical factors to the surface temperature, like the altitude.  

 

3.4 LST and Altitude 

 The temperature is influenced by several factors, including the amount of insolation 
received, the surface nature, the distance from watercourses, the relief, the predominant winds, 
beyond the ocean currents (AYOADE, 2010). 

 The altitude and the temperature follow complementary paths and Fritzons et al. (2008) 
describe that in tropical and subtropical regions, an altitude diference of a few hundred meters 
causes significant changes in the climate, soil, vegetation and consequently in the adaptation of 
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animals and plants and in the land use.  

 This dependence study between the surface temperature and the altitude of the south 
central region of Pajeú obtained a value of F (regression) very significant, (p<0,0001), rejecting the 
nullity hypothesis and accepting the alternative that the surface temperature really varies with 
oscillations in the terrain altitude. The explicability according to the adjusted R² was 17% and the 
correlation coefficient 41%. Considering that many environmental factors are admittedly 
interferentes to the explicability model, the altitude starts to be one of its more important 
constituent, increasing the 51% previously observed, for a value close to 70% of prediction. 

 In Figure 8, of visual expression 3d, can be clearly observed that the highest areas have 
lower temperatures,as well as areas of hydric reservoirs and accumulation bodies. Such relations 
of temperature variation in relation to the altitude and its particularitities to the environment are 
studied with frequency, as Barry (2008), Bonan (2008) e Pape (2009), but not in order to 
characterize the provision of environmental services and their consequent variations. 

 
Figure 3. 3d Model cut of the study area showing the surface temperature tendency to be milder in 

areas of higher altitudes or in wetter areas. 
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3.5 Evaluation of Environmental Hydroclimatic Services 

 When the landscaped natural limits are used for determination or evaluation of ecosystem 
functions and of environmental services, and further, when these limits are watersheds, these 
phenomena can be named as hydroclimatic by these services are particularly related to the 
transport phenomena of water between the atmosphere and land surface. 

 When compared, the micro watersheds of the database of Agência Nacional de Águas 
(ANA), it was possible to observe a definite standard of average temperature for the vocational 
groups. The basins with 70% or more of surface area characterized for being soil exposed areas 
had presented an average temperature of 40.81ºC, with a maximum of 45°C and a minimum of 
27.5°C. Meanwhile, the micro watersheds that preserved at least the corresponding to the 
percentage of legal reserve defined by law (20%), or more, had presented an average temperature 
of 30.75°C, with a maximum of 45 ° C and minimum of 19.8ºC.  

 Through comparative analysis between NDVI and surface temperature is observed that the 
vegetation index NDVI presents lowest values where there is a greater amount of surface 
temperature and vice versa. This mechanism contributes to the decrease of the surface 
temperature and of the air through the direct effect of shading and evapotranspiration (SILVA et 
al., 2013). The amount of solar radiation arrives to the surface below the pantry is reduced in areas 
with dense vegetation, since a part of incident solar radiation is absorbed by the leaves and used 
for photosynthesis, and another fraction is reflected back into the atmosphere (SANTOS, 2011). 

 Many other important environmental factors can also be influencing in the explicability of 
the surface temperature, and this is just one of the strategic components for understanding the 
radiation flux and energy, being able to be used for understanding more complex environmental 
services. More specifically, the information about balance of energy flows of the earth's surface is 
indispensable necessary to determine the vegetal hydric stress (KUSTAS & NORMAN, 1999). The 
requirement or not of water for agricultural production is a data that can be used to know the 
efficiency of conversion of resources for the grains production. Such concepts can be investigated 
from other models, and with this explain other issues associated to the environmental regulation 
services, this can be especially useful in arid regions or in semi-arid climates with strong limitations 
of water and temperature. Generally, water productivity (ZWART et al., 2010) or radioactive 
efficiency are issues addressed to integrate environmental impacts to the forecast of liquid 
biomass productivity, thus, it is had limitation's forecast and potential of biomass production in 
relation to the hydric offer, whether natural or artificial (BASTIAANSSEN and ALI, 2003). 

 Through the remote sensing and its products linked to the use of thermal bands, it is 
possible to perceive in regional scale the limit key condition in the transport of groundwater to 
vegetation and the atmosphere (KUSTAS et al 2007; KUSTAS and ANDERSON 2009). Thus, the 
remote sensing of land surface temperature serves as an important metric to the detection of the 
state of surface moisture and vegetation, which, in turn, will influence the evapotranspiration, 
carbon assimilation (ANDERSON et al., 2007a; 2007b) and income of the culture or vegetable 
production in general. Therefore, the forecast of income of the cultures by means of water or of 
photosynthetic productivity would be of great advantage to the understanding of hydric balance 
and potential of biomass production in function of the scarce hydric resources in the semi-arid 
regions.  

4 Conclusion 

 Measure the surface temperature, extract its complex interaction with environmental 
variables and know the situations of hydric balance in the provision of regulatory environmental 
services in the semi-arid, still represents a challenge to be conquered and dominated, even that 
might have an idea of how these processes may be important in water management and crop.  

 Above of being a strategic question for the local hydric management, the products in this 
study were also influenced by the General Assembly of the United Nations, which happened in 
April 2000, when, the general secretary of the United Nations (UN) at the time, Kofi Annan, pointed 
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the Millennium Ecosystem Assessment – MA as the necessary effort to assess the situation of the 
main ecosystems of the planet. 

 Involving governments, private sector, non-governmental organizations and hundreds of 
scientists from several countries around the world, the MA studies were realized between 2001 
and 2005 to assess the consequences of ecosystem change on human well-being, and to 
establish the scientific basis of the actions needed to improve the conservation and the sustainable 
use of ecosystems and to satisfy human needs.  

 Although this is a way to go, the necessary information for its complex execution need to be 
constructed  and updated constantly from the development of new tools for analysis and action. It 
is in this direction that the development of new tools of ambient analysis proves being useful to the 
measure that multidisciplinary incorporates the mission of integrated and continuous diagnostics. 

 Therefore, by this document it was possible to conclude an initial proposal of directed 
environmental studies, knowing that this tends to be developed and expanded with the use of other 
more complex tools. The efficient management of natural resources, on the various ecosystems of 
the world, depends on the evolution of new tools of analysis and interpretation, mainly with the use 
of remote sensing and geoprocessing. Thus, will be possible the simple understanding of the 
several interactions of the terrestrial ambient physical, chemical and biological, on large scales, 
and consequently, we will be able to develop a reaction to its complex management. 
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Abstract 
The past decade was the best in economic terms of the modern history of Latin America. An 
overwhelming majority of countries showed growth rates, allowing the improvement of their social 
situation and the rise of millions of people in poverty towards the new middle class. Consequently, 
Latin America has reproduced certain growth patterns that affect heavily on environmental and 
social issues: the higher levels of demand for energy. However, the climate change and the need 
to manage diminishing fossil fuel reserves are, nowadays, one of the challenges facing the 
humankind. It is widely accepted that we must act now to reduce energy consumption and 
substantially cut greenhouse gases. World leaders have resolved to tackle global warming by 
signing the UN Climate Convention, the Kyoto Protocol and the Paris Agreement to reduce the 
greenhouse gases emissions. The Latin America participation in these climate negotiations has 
been highlighted, especially to promote the Clean Development Mechanism (CDM) projects. Thus, 
the paper aims to describe the main features of the countries’ positions in the CDM renewable 
energy projects in Brazil, Mexico, Chile and Peru. The first effort was to evaluate the CDM portfolio 
concentrating on renewable energy projects. Moreover, a special analysis was in the public policy 
in order to identify how political-institutional and economic aspects have influenced the 
development of CDM projects. The paper shows that these four countries have very different 
policies regarding stimulate CDM projects in the renewable energy sector. However, they have 
similar discourse in the complex relationship with both sustainable economic development and 
environment in the public policy.Each one of the four countries needs to face important obstacles 
in order to advance in the environment topic and contribute to climate change mitigation.  

 

Keyword: Renewable Energy, CDM, Economic Growth, Public Policy, Sustainable Development, 
Latin America. 
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Abstract 
The Philippines, being a developing country, has been struggling to become energy independent. 
Considering the current share of imported fossil fuel for electricity generation is relatively high, the 
country’s security of energy supply has been vulnerable to sudden changes in prices of fossil fuels. 
Renewable energy is seen as a promising alternative to suffice the energy needs. However, 
investments on these projects are challenged by the perception as an expensive, intermittent, and 
not competitive source of energy. It is therefore important to make a study that analyzes the 
attractiveness of renewable energy investments to address the country’s concern on energy 
sufficiency and sustainability. This paper adopts the Real Options Approach to analyze investment 
decisions for energy projects in the Philippines. The main purpose is to evaluate the comparative 
attractiveness of either investing on renewable energy or continue importing coal for electricity 
generation considering the uncertainty of coal prices. This delves deeper into identifying which 
renewable energy source from wind, solar, hydroelectric, and geothermal is the most attractive for 
project investors. Dynamic optimization is used to maximize the value of each investment and to 
analyze the dynamics of the trigger coal price for shifting technologies from coal to renewable 
energy. The results find that renewable energy is a better option than continue importing coal for 
electricity generation. Among the renewable energy sources, geothermal is the most attractive, 
followed by wind, hydroelectric, and solar. The results identify that earlier shifting to renewable 
energy decreases the possible welfare losses from waiting to invest. This suggests that the 
Philippine government should boost its programs to reduce coal imports and invest on renewable 
energies earlier, especially with the current trend of rising coal prices. 

Keywords: real options analysis, renewable energy, stochastic fuel price, dynamic optimization, 
investment timing 
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Abstract 
Currently, hard coal is the main source for power generation in Poland. In 2014, 136 TWh of 
electricity were generated from hard coal and lignite, representing 85.46% of the total national 
electricity production, while only 4.5 TWh, i.e. 2.85% were produced from the so-called “clean 
fuels" (natural gas). Production of electricity based on coal is considered as one of the most 
harmful to the natural environment, emitting a number of pollutants. Recently, a progressive 
change in the manufacturing structure of Polish power sector becomes clearly visible, which 
contributes to a change in the domestic fuel mix. The factors determining this process are: 
European Union requirements imposed on Poland, mainly aimed at reducing the emissions of 
carbon dioxide, obsolete and depreciated boilers in Polish power plants and CHP plants, crisis of 
the domestic hard coal mining, commissioning of the LNG terminal in Świnoujście. The 
development of low-emission coal technologies, expansion of renewable energy sources, natural 
gas-fired electricity generation, and the opportunity to invest in nuclear power will affect the future 
costs of the sector and the level of pollutants emitted into the environment. There are many 
forecasts of development of the domestic electricity sector, unanimously assuming an increased 
share of clean energy technologies. The main aim of this article is to present the possibilities for 
the development of clean energy technologies in Poland in the context of current and future 
economic, legislative, and social conditions. A lignite-fired steam unit with supercritical parameters 
with the gross efficiency of 47% emits 0.868 kg of carbon dioxide per kWh of electricity generated, 
hard coal-fired steam unit with supercritical parameters with the gross efficiency of 48% emits 
0.685 kg of CO2/kWh, while natural gas-fired steam unit with supercritical parameters with the 
gross efficiency of 60% emits 0.329 kg of carbon dioxide per kWh of electricity. This places natural 
gas in the first place among the fossil fuels with the lowest emissions of pollutants into the 
atmosphere. Comparing various scenarios for the development of Polish structure of Polish power 
sector, the authors have estimated the reduction of CO2 emissions. 

Keywords: clean coal technologies, electricity in Poland, natural gas, hard coal, fuel mix, electrical 
power engineering, electricity generation, fuels for power industry 

1. Introduction 
Coal is the main source for power generation in Poland. For many years, it has been the basis of 
the Polish industry, particularly electricity generation, guaranteeing the energy security of the 
country. The documented balance resources of hard coal in Poland as of 31.12.2014 amount to 51 
960 million Mg and are more than two times larger than lignite resources amounting to 23 511 
million Mg (Bilans, 2015). The majority of generating capacity of the domestic power industry is 
basing on hard coal and lignite. What is more, new coal-fired units at the Kozienice, Jaworzno, and 
Opole power plants will be commissioned later this year. The combustion process of lignite and 
hard coal is responsible for significant emissions of carbon dioxide (CO2) into the atmosphere, 
hence the pressure on phasing out of these fuels from the energy sector. 

The European Union (Poland is the European Union Member State since 1st May 2004) has 
undertaken a number of actions to counter the global warming by reducing greenhouse gas 
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emissions and supporting the shift towards a low-carbon economy, which will be based on 
improved energy efficiency. Decarbonization of the European Union and – first and foremost – the 
introduction of the European Union climate and energy package extended to 2030 and 2050 
imposes a number of environmental obligations on Poland. The implementation of the guidelines 
contained in EU directives into national legislation is a very big challenge, especially for a country, 
where coal is the primary energy source. The European Union climate and energy package, the 
so-called 3x20%, obliges Member States to a 20% reduction of greenhouse gas emissions, a 20% 
increase in the share of renewable energy sources (RES) in energy production and a 20% 
increase of the energy efficiency. When it comes to the specific objectives for Poland, the target of 
a 15% share of energy from renewable sources by 2020 has been determined. The next stage of 
implementing the climate package was agreed in 2014 and will apply in the period 2021–2030; the 
objectives include a 40% reduction of greenhouse gas emissions and increasing the share of 
renewable energy sources to 27% (Wojtkowska-Łodej, 2014). Despite the fact that specific 
objectives for individual countries have not yet been determined, it can be stated that the EU policy 
directly affects the development of the market for raw materials and energy mix of the Member 
States. 

2. The Polish power generation sector 
The share of hard coal in electricity generation structure decreases each year, mainly in favor of 
renewable energy sources, natural gas, and (in recent years) lignite. Still, the share of solid fuels in 
the energy mix of the Polish power industry exceeds 89% (Fig. 1). 

 

  
Figure 1. The comparison of fuel structure of electricity generation in the Polish power sector in 2007 and 

2015, percentage values 

Source: (PSE, 2016) 

The majority of Polish coal-fired boilers are depreciated; over 60% of generation capacity is more 
than 30 years old. In addition, domestic coal-fired power plants usually have low efficiency, not 
exceeding 40%. Generally, hard coal-fired power plants are characterized by higher efficiency 
compared to lignite-fired power plants using lower-quality lignite. The aforementioned low 
efficiency is one of the reasons for high carbon dioxide emissions. At the same time it is worth 
noting that the draft of Polish Energy Policy until 2050, already submitted to consultations, 
assumes that coal will maintain its high share in the domestic energy sector despite the fact that 

Poland is currently facing the hard coal mining crisis. There are ongoing efforts to find 
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alternatives to hard coal used in power plants and to develop clean coal technologies (Hausner 
and Białecka, 2014; PEP, 2015). 

3. Legal regulations related to the energy-climate package 
The key regulation of the European Commission (EC) concerning the reduction of greenhouse gas 
emissions is the introduction of new guidelines for the CO2 emission trading system (EU ETS). The 
current target is a 21% reduction of emissions covered under the EU ETS compared to 2005 
levels.  

Increasing energy efficiency is implemented in accordance with the Directive of the European 
Parliament and of the Council 2012/27/EU of 25 October 2012 on energy efficiency, amending 
Directives 2009/125/EC and 2010/30/EU and repealing Directives 2004/8/EC and 2006/32/EC. 
The provisions of the directive have changed the energy efficiency target from 20% to 17%.  

In Poland, the implementation of the objectives set in the aforementioned documents is carried out 
largely by carrying out thermal modernization of buildings (Dyrektywa, 2012). In addition, 
cogeneration technologies are also being promoted – Directive 2004/8/EC of the European 
Parliament and of the Council of 11 February 2004 on the promotion of cogeneration based on a 
useful heat demand in the internal energy market and amending Directive 92/42/EEC (Dyrektywa, 
2004). 

The directive 2010/75/EU of the European Parliament and of the Council of 24 November 2010 on 
industrial emissions (the so-called IED Directive) is another regulation concerning the package. 
This document imposes emission limits for generation units with a capacity of over 50 MW; 
Member States shall apply the laws, regulations and administrative provisions adopted in 
accordance with this Directive from 1 January 2016 (Dyrektywa, 2010). 

Directive on the geological storage of carbon dioxide – CCS affects the energy sector (Dyrektywa, 
2009b).  

Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009 on the 
promotion of the use of energy from renewable sources and amending and subsequently repealing 
Directives 2001/77/EC and 2003/30/EC is crucial for renewable energy sources (Dyrektywa, 
2009a). 

Directive 2008/50/EC of the European Parliament and of the Council of 21 May 2008 on ambient 
air quality and cleaner air for Europe is also of great importance (Dyrektywa, 2008). 

Directive 2011/92/EU of the European Parliament and of the Council of 13 December 2011 on the 
assessment of the effects of certain public and private projects on the environment (Dyrektywa, 
2011). 

Additional regulations of the Committee on the implementation of the Directive have also been 
adopted. 

Accepting the regulations prepared by the European Commission significantly affected the 
changes in the internal regulations of the country. 

4. The development of low carbon technologies 
 

Currently in Poland, a large emphasis is placed on the development of low carbon technologies. 
These include both investments in the development of renewable energy sources and low-
emission coal technologies. A project to build a nuclear power plant is also being considered. 
According to the Polish program of nuclear energy, this technology will become an important 
element of the energy sector after the year 2025 (Uchwała, 2014). 

The development of clean coal technologies is important for the Polish coal industry. Currently, the 
term "clean coal technology" (CCT) describes technologies designed to improve the efficiency of 
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extraction, processing, and utilization of coal and to increase the acceptability of these processes 
from the environmental point of view (Kubica et al., 2007). The development of clean coal 
technologies includes primarily the following processes: the enrichment and processing of coal 
surface and underground gasification, co-firing of biomass with coal, capture and storage of carbon 
dioxide, processing of coal in the production of liquid fuels and hydrogen to power fuel cells. The 
most important problem of Clean Coal Technologies is a very high cost of CO2 capture at power 
plants (Hausner and Białecka, 2014). 

The abovementioned changes will significantly affect the total operating costs of the sector and the 
level of pollutants emitted into the environment. However, the use of natural gas is related to a high 
volatility of prices due to the fact that this fuel is imported from a single source, namely the Russian 
Federation. Moreover, the prices of gas remain at a relatively high level (Olkuski et al., 2015; 
Szurlej et al., 2014). 

In Poland, gas fuels are also increasingly used in the form of Compressed Natural Gas (CNG) or 
Liquefied Natural Gas (LNG), mainly in urban transport vehicles (Orzechowska and Kryzia, 2014). 

The extraction of gas from shale formations gives hope for both lower prices of this fuel and the 
energy independence. It is estimated that Poland has an average of 378 billion m3 of exploitable 
gas resources in shale deposits (Table 1). It is reported that Polish shale belt covers about 37 
thousand km2, i.e. 12% of the country (Weigensperg, 2013). 

Table 1. Estimated exploitable reserves of shale gas in the EU 

Reserves  

[billion m3] Ordinal number Country 

minimum average maximum 

1 Austria 116 147 241 

2 Bulgaria 183 395 1000 

3 Denmark 178 710 1360 

4 Estonia 2 9 17 

5 France 705 2819 5822 

6 Germany 339 636 2266 

7 Hungary 270 473 1000 

8 Ireland 35 62 109 

9 Latvia 4 14 25 

10 Lithuania 0 0 113 

11 Netherlands 41 165 1105 

12 Poland 234 378 4193 

13 Romania 172 687 1445 

14 Spain 140 1224 2966 

15 Sweden 57 227 425 

16 The United Kingdom 18 71 737 

Total UE 2494 8017 22824 

Source: (ICF, 2014) 

Wind power is the most dynamically growing among renewable energy sources. The year 2010 
marked the rapid development of wind power, which doubled when compared to the previous year 
and amounted to 1180 MW, accounting for over 46% of the total installed capacity in renewable 
sources. In the following years this share continued to increase; in the years 2013 and 2014, the 

capacity of wind power plants accounted for 61% and 62% of the domestic balance of 
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renewable energy sources, respectively (Mirowski et al., 2015). The installation of new capacities 
based on renewable sources saw the involvement of domestic prosumers, since the owners of 
smaller installations have priority access to the network and guaranteed preferential fixed-price 
tariffs thanks to the implemented regulations. In this case, energy systems based on photovoltaic 
cells are of significant interest (Mirowski and Sornek, 2015). 

The development of renewable technologies causes a decrease in the demand for hard coal for 
electricity generation, replaced by biomass fuel combusted in dedicated blocks or co-fired with coal 
in conventional blocks (Malec et al., 2016). Currently, co-firing of biomass with coal is the preferred 
technology. It is important that co-firing can be done in already existing power plants. The 
combustion process can be carried out in three ways, namely (Niedziółka and Szpryngiel, 2014): 

• direct biomass firing that is entering streams of coal and biomass into the combustion 
chamber. In this case, it is possible to mix the biomass and coal before the feeding system 
and entering the mixture to the combustion chamber using the carburizing system; 

• indirect biomass firing process taking place in two stages. The first stage involves burning 
biomass or biogas in the so-called Dutch oven and the second involves the gasification of 
biomass in the gasifier and the combustion of resulting gas using gas burners; 

• parallel firing (including hybrid systems); conventional and renewable fuels are burned in 
separate combustion chambers while maintaining the process requirements for each of the 
fuels. 

This technology appears to be reasonable in the case of a country with great potential for coal and 
biomass production. 

5. Scenarios of development of the domestic manufacturing structure 
An analysis of the impact of the rate of development of CCS technology on the level of 
consumption of coal in the domestic energy sector has shown the possibility of using coal in the 
domestic energy sector. The three possible scenarios of demand for coal for power industry, 
developed with the use of methods of mathematical modeling and specialized models for analysis 
of fuel and energy systems, implemented on computing platforms, are presented below (Gawlik et 
al., 2013; Gawlik and Mokrzycki, 2014; Gawlik and Lorenz, 2014). 

The aforementioned scenarios assumed a certain level of demand for electricity in the perspective 
of 2050; the EU policy, as set out in the Energy Roadmap 2050 set out in the Road Map 2050, has 
been implemented (Roadmap, 2011). This has been done by determining the growth path of prices 
of CO2 emission allowances and the required minimum share of electricity production from 
renewable energy sources, estimating fuel prices and the development of individual energy 
technologies, taking into account changes in investment and operating costs. The aim was to 
choose the optimal – from the point of view of system costs – investments in order to ensure 
meeting the long-term demand for electricity. 

Owing to the uncertainty regarding the development of CCS technology, the three scenarios 
regarding the pace of development of this technology have been established: 

• Scenario 1 – it was assumed that the technology will develop quickly and will be ready for 
commercialization in 2025, 

• Scenario 2 – it was assumed that the CCS technology will be ready for implementation in 
2030, 

• Scenario 3 – it was assumed that the CCS technology will not be available for commercial 
use in the analyzed period – that is, until 2050. 

Fig. 2 shows the optimal choices regarding installation of new production capacities necessary to 
cover the demand for electricity in light of decommissioning old, depreciated generation units and 
the growing demand for electricity broken down by technologies and fuel types. All scenarios point 
to the need for installation of an additional 3.6 GW of power based on hard coal in the coming 
years in order to ensure the continuity of electricity supply. The development of energy sector 
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based on renewable energy sources is very similar in all scenarios, which in turn results from the 
assumption regarding the required shares of these sources. The structure of other sources 
depends on the assumed rate of development of CCS technology. 

The availability of CCS technologies in 2025 (Scenario 1) stimulates the use of low-carbon 
technologies: the construction of hard coal-fired units with carbon capture and storage system and 
the total capacity of 11.4 GW, together with additional 1.5 GW of nuclear power, 6.4 GW of power 
based on lignite (also with CCS) and 3.2 GW gas power is the optimal solution. If CCS technology 
will be available later – in 2030 (scenario 2) – the total capacity of hard coal-fired units with carbon 
capture and storage system will amount to 9.8 GW, while a greater use of nuclear power (3 GW) 
and natural gas (3.4 GW) will be the optimal solution. 

However, if CCS technology will be unavailable (scenario 3), further investments using solid fuels, 
other than the construction of hard coal-fired units with the total capacity of 3.6 GW before 2020, 
are not expected. The optimal development of the energy sector requires the construction of 3 GW 
of nuclear power and 19.4 GW of gas power.  

 
Figure 2. Installation of new capacities in power generation, required to meet the demand for electricity, in 

the years 2015–2050, GW 

Source: own work based on (Gawlik et al., 2013) 

The use of hard coal in power generation depends on whether the clean coal technologies will 
have a chance to develop. 

Fig. 3 shows the use of coal in the individual scenarios of development of CCS technology.  



22nd International Sustainable Development Research Society Conference (ISDRS 2016), Vol. 1 
School of Science and Technology, Universidade Nova de Lisboa, Lisbon, Portugal, 13-15 July 2016 

 

831 
 

 
Figure 3. The demand for hard coal for power generation in different scenarios of technological development 

of CCS technology, PJ 

Source: own work based on (Gawlik et al., 2013) 

The impact of the availability of CCS technology on the demand for coal for electricity production 
after 2025 is clearly visible. The rapid development and possibility of early commercial use of this 
technology will help to maintain a high level of consumption of coal in power generation; after the 
year 2040, it will be at a higher level than it is today. In case of the unavailability of carbon capture 
and storage (scenario 3), hard coal will be gradually withdrawn from use as a fuel for power 
generation. 

  
Figure 4. The demand for lignite for power generation in different scenarios of technological development of 

CCS technology, PJ 

Source: own work based on (Gawlik et al., 2013) 

The demand for lignite (Fig. 4) is heavily dependent on the availability of the CCS technology. 
Without this technology, the construction of new lignite-fired power plants is not the optimal 
solution. The currently existing lignite mines will supply old power plants until depletion of 
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resources or decommissioning of a power plant. The CCS technology creates the opportunity to 
open new lignite mines after the year 2040. 

 
Figure 5. The demand for natural gas for power generation in different scenarios of technological 

development of CCS technology, PJ 

Source: own work based on (Gawlik et al., 2013) 

Given the current and projected prices of natural gas, the energy sector based on this fuel is not 
profitable in Poland (Fig. 5). The demand for natural gas by 2030 is lower than the current for all 
scenarios. Natural gas, as a low-emission fuel, is an alternative to solid fuels in the case when the 
CCS technology is not available for implementation (Scenario 3). 

 
Figure 6. The demand for nuclear fuel for power generation in different scenarios of technological 

development of CCS technology, PJ 

Source: own work based on (Gawlik et al., 2013) 

The implementation of the ambitious objectives of the EU in terms of reducing CO2 emissions 
raises the need to include nuclear energy into the structure of electricity generation in Poland. The 
demand for nuclear fuel (Fig. 6) depends on the analyzed scenarios. In the case of scenario of 
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rapid development and implementation of CCS already in 2025, the construction of a power 
generation unit with a capacity of 1.5 GW, which should be commissioned in 2035, is required. In 
this case, the demand for nuclear fuel in the next few years will remain at a level of about 115 PJ 
by 2050. However, if the CCS technology will not reach technological maturity before 2025, its use 
will require the construction of two nuclear power units and commissioning them in 2025 and 2030.  

The possibility of use of CCS technology makes coal technologies in the energy sector more 
environmentally friendly. Fig. 7 shows the total carbon dioxide emissions for each scenario. The 
effect of reducing carbon dioxide emissions from the current level of about 167 million Mg to just 
under 50 million Mg is visible when coal-fired power units are equipped with CCS technology. 
When CCS technology is not available, the reduction of CO2 emissions in the sector is lower, 
reaching a level of about 86 million Mg of carbon dioxide in 2050. 

 
Figure 6. The emissions of carbon dioxide from the electricity generation sector for different scenarios of 

technological development of CCS technology, million Mg 

Source: own work based on (Gawlik et al., 2013) 

What is more, coal technologies (including CCS) are relatively cheaper: the cost of electricity 
production in 2050 are the lowest in scenario 1 and amount to PLN 299.1 / MWh, while in scenario 
3 they amount to PLN 310.5 / MWh. 

6. Conclusions 
Historical conditions, resulting from the available resources, are the reason why the Polish energy 
sector is based on coal. The energy generated from coal is relatively cheap, while the use of own 
resources contributes to greater energy security of the country. Further economic development will 
require modernization of the existing and installation of new production capacities in the energy 
sector. The development of the power sector must take into account the fact that the solid fuels 
burned in power plants are the reason for significant emissions of CO2 into the atmosphere. The 
future energy mix should be diversified, primarily due to its impact on the environment. The 
directions of development will depend on the adopted energy policy of Poland, which will be 
created in response to the targets set by the EU climate policy. When it comes to the 
manufacturing structure of the energy sector, the depreciated coal-fired units will have to be 
replaced with modern energy sources, which will be accompanied by the expansion of renewable 
energy sources (mainly wind power).  

The results presented in this article indicate that it is possible to change the structure of the energy 
sector in order to achieve a significant reduction in emissions of pollutants into the 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1 

0 0 0 0 0 0 0 0 

C
O

2 e
m

is
si

on
 fr

om
 th

e 
se

ct
or

, 
m

ln
 M

g 

#REF! #REF! #REF! 



22nd International Sustainable Development Research Society Conference (ISDRS 2016), Vol. 1 
School of Science and Technology, Universidade Nova de Lisboa, Lisbon, Portugal, 13-15 July 2016 

 

834 
 

environment. The share of coal, gas and nuclear power in the structure of power generation will 
depend on the investment decisions. 

The development of carbon capture and storage will be of key importance for the possible wide 
use of coal in the future. The development of clean coal technologies is particularly important for 
Poland, the only country in the European Union with substantial gas resources. The use of this 
technology, assuming the implementation of the basic elements of sustainable development 
including: the high energy security resulting from the use of own resources and the availability of 
energy for the economy and population at (relatively) low prices and in an environmentally 
acceptable way, allows meeting the electricity demand in 2050. 
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