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Abstract

China’s spectacular economic growth during the last decade has brought many benefits 
and challenges. As China poised to leapfrog today’s global economics creates huge 
negative environmental impact thus make China becomes one of the biggest potential to 
reduce its emissions. Further, China made rapid progress in learning how to mitigate its 
pollution by becoming the major player of the global carbon market with expecting to 
have its own cost efficient for reducing greenhouse gas emissions by learning through 
the Clean Development Mechanism (CDM). However, to assist Annex I countries in 
meeting their greenhouse gas emissions reduction targets with cost-effective reduction is 
not the only goal of CDM  but also to achieve sustainable development in non-Annex I 
countries. Nonetheless, the first objective is measurable in term of the greenhouse gas 
reduction amount while the second objective is difficult to determine due to lacking of 
clear procedure and well proven methodologies and limited knowledge on the 
application of CDM sustainable development assessment. As China being the major 
player in CDM market especially in renewable energy projects therefore sustainability 
assessment are needed to ascertain if CDM  projects are actually contributing to 
sustainable development. The research question that this paper aims to answer: How to 
measure sustainability performance from CDM renewables projects in China? I will 
discuss and propose a sustainability assessment tool which is based on quantified data. 
To provide solutions to this problem, the aim translates into a set of six specific research 
questions: 

• What is the definition and criterion for CDM projects in regards to its 
contribution to sustainable development in China?, 

• What are the requirements for an effective sustainability assessment for CDM 
renewables projects?, 

• How suitable are the existing methodology in respond to determine sustainable 
development performance?, 

• Is the developed methodology applicable with CDM renewables projects in 
China?, 

• What is the best sustainable CDM renewable energy project for China?, 

• What will China benefit in implementing this developed methodology?. 
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A SWOT analysis distinguished the MATA-CDM methodology from the other 
methodologies, and an appraising tool was further developed. With a flexibility and 
people related preferences, this tool is applicable to any size of project. As one of the 
objectives of the thesis is to help China define better sustainable development criteria 
and indicators, the ultimate sustainability performance ascertainment tool offers the 
height of rarity and possibility to ensure sustainability performance results for each and 
every examined CDM  renewable energy project in China. The results of the five-
registered CDM projects are actively exhibited that they have positively promoted 
sustainable development in China, even though a few projects have been ineffective in 
the development. Thus to improve sustainability performance of a project, project 
developer need to understand the implication of China’s sustainable development 
criteria and better understand the activities that can truly improve project sustainability 
performance an with the developed methodology, China can improve its society, 
environment, and nation economy in terms of  sustainable development. 

Key words: Clean Development Mechanism, Sustainable Development, Sustainability Assessment
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Abbreviations

AHP    Analytic Hierarchy Process

Annex I   Member countries of  the OECD in 1992, plus countries in transition

BAU    Business As Usual

CDM   Clean Development Mechanism

CERs   Certified Emission Reduction

CBA    Cost and Benefit Analysis

DOE   Designated Operational Entities

EB    Executive Board

EIA    Environmental Impact Assessment

ET    Emission Trading

GDP    Gross Domestic Product

GHG   Greenhouse Gas

GRI    Global Reporting Initiative

GS    The Gold Standard

GWp    Giga Watt hours

IRR    Internal Rate of  Return

JI    Joint Implementation

KM    Kilometers

MATA   Multi-Attributive Assessment

MATA-CDM  Multi-Attributive Assessment of  CDM

MAUT   Multi-Attributive Utility Theory

MCA    Multi-Criteria Analysis

MW    Mega Watt

NDRC   The National Development and Reform Commission
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NGO   Non Governmental Organization

OECD   Organization for Economic Co-Operation and Development

OJT    On-the-job training

PDCA   Plan-Do-Check-Action Cycle

PP    Project Participants

SD    Sustainable Development 

SSN    South-South-North Matrix Tool

SWOTs   The Strengths, Weaknesses, Opportunities and Threats Analysis

UNEP   The United Nations Environment Programme

UNFCCC   The United Nations Framework Convention on Climate Change

USD    US Dollar
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1 Introduction and Overview

1.1 Structure of the Thesis

The thesis is structured into four main parts: Introduction, Theory, Practiced, and 
Synthesis. In the first part, the study approach and methodology is described and the 
background, objectives, and research questions are acquainted. In the second part, the 
key challenges are explained and sustainability criteria for CDM renewable energy 
project are elucidated. In the third part, the proposed methodology is developed and 
applied to the proposed method for case studies in China. In the last part, methodology 
conclusions are made and recommendation concerning which type of project is best 
suited for sustainable development in China is described. 

1.2 Value of the Study

The thesis is intended to help CDM related parties define the appropriate sustainable 
development criteria and indicators especially for renewable energy projects and propose 
China making an investment in the most sustainability performing type of project, based 
on the results and the developed methodology arising from this study. By bridging these 
insights, this thesis is anticipated to ensure the contribution of sustainable development 
from CDM renewable energy projects and contributing to sustainable growth in China. 

1.3 Background

Over the half decade, the Clean Development Mechanism has become a popular flexible 
mechanism in developing countries because it is the one and only mechanism among 
three market-based mechanisms – Emissions Trading (ET), Joint Implementation (JI) 
and the Clean Development Mechanism (CDM) that allows non-Annex I countries earn 
revenue and contribute to sustainable development. Promising as CDM is for sustainable 
development, it has increased participation of many developing countries especially 
China. Furthermore, according to information from United Nations Environment 
Programme (UNEP) Riso Centre website, CDM projects in China were already in the 
pipeline in 2004 and has steady increased until present. 

However, according to the Marrakech Accords “it is the host party’s prerogative to 
confirm whether a clean development mechanism project activity assists it in achieving 
sustainable development” (United Nations, 2001). For this reason, sustainable 
development definition and criterion were portrayed by host countries and yet there is 
no internationally accepted definition of sustainable development on the concrete 
project level (Bell and Morse, 2000). Nevertheless, sustainable development criteria 
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which were issued by National Development and Reform Commission (NDRC)1  are 
ambiguous. The sustainable development criteria must therefore be clarified in order to 
be measurable. 

In accordance with lack of clear procedure, well proven methodologies and limited 
knowledge of the application of CDM sustainable development assessment, it is 
challenging in the case of the purposed CDM sustainability performance appraising 
methodology by measuring how much sustainability performance of CDM could 
contribute without compromising the ability of its greenhouse gas emission reduction in 
a cost-efficient manner. Therefore the new methodology has to be developed in a 
proper way in order to differentiate sustainability result from each type of the CDM 
renewable energy projects precisely.

1.4 Objectives and Research Questions

Good research requires clear objectives and research questions. This includes a careful 
set up of the linkage between them. As a result, the objectives of the thesis are to create 
an understanding of CDM renewable energy projects in the sense of what they can it 
contribute to sustainable development, and to develop a methodology that can assess 
sustainability performance from CDM renewable energy project. These two objectives 
can be elucidated into a set of  six specific research questions listed in Figure 1.1.

Objectives          Related Research Questions

1. Create an understanding  for in what way CDM re-     1.1 What is the definition and criteria for CDM renewables project                     
newables projects actually are contribute to SD                     in regard to its contribution to SD in China?                                                              

           1.2 What are the requirements for an effective sustainability assess- 
                 ment for renewables projects?

           1.3 What is the key challenge in regard to sustainability decision-ma-          
                 king?

2. Develop a method to assess sustainability                  2.1 How suitable existing methodology respond to the determination of                          
of  CDM renewables projects                                                SD performance for CDM renewables project?             

           2.2 Is the developed methodology applicable with CDM renewables 
                 projects?

           2.3 What will China benefit if  implementing this developed methodolo-      
                 gy?

Figure 1.1: Objectives and research questions
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1.5 Approach of the Study and Methodology

This thesis seeks to understand a concept of analyzing CDM renewable energy project 
in terms of its contribution to social progress, environmental protection and economic 
development through, for example, employment generation, wages distribution, CO2 
reduction cost, and biodiversity loss in order to maximize its interference with the life-
supporting ecosystems. Sustainable development definition and criteria are very 
important commencement for economic, social, and environment development in China 
and in order to promote long-term sustainability, ambiguous definition of sustainability 
must be transferred into measurable benchmark. 

Under such concept based on the international experience and Chinese practice, the 
Multi-Attributive Utility Theory (MAUT) is likely to be one of the forefront 
methodology for China which applicable for energy-related CDM projects (Liping et al., 
2009). However, there are limitations to obtain the precise result due to the ill-defined 
sustainable development indicators and criteria that are not encompassed in every 
aspects of sustainable development. Therefore, the study will be followed by reviewed 
existed methodologies, specifically in Multi-Criteria Analysis (MCA) based 
methodologies in order to pursue the suitable sustainability performance assessment 
methodology. 

The study will be based upon both quantitative, semi-quantitative, and qualitative 
analysis. The identified hypothesis will be used to screen the existed methodologies. The 
selected methodologies that are applicable to the CDM renewable energy projects will be 
analyzed, reviewed by SWOTs analysis. It will then be followed by identified and 
highlighted issues related to sustainability performance assessment base upon 
sustainability measurement of CDM in China. Additionally, in order to test the 
generated hypothesis and the proposed tool, questionnaires will be carried out toselected 
related parties.

 6
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2 The Clean Development Mechanism

2.1 The Current Status of the CDM Renewable Energy Projects in China

Over the half decade, CDM has become a popular flexible mechanism in developing 
countries because it allows non-Annex I countries earn and contribute to sustainable 
development while reduce GHG emissions. The CDM is developing considerably fast 
since it started as well as the situation in China. Regulations have been made more 
explicit, the awareness of project owners has increased to a certain extent together with 
institutional arrangements are enhanced (Junfeng, 2005). Even the growth of the CDM 
pipeline is rising dramatically in the first period of implementation, currently trend of 
CDM pipeline shows the steady growth. The Figure 2.1 shows that 51% of CDM 
projects are hosted by China and it also shows the proportion of number of CDM 
projects and the Figure 2.2 shows volume of Certified Emission Reductions (CERs) 
until 2012 in Asia. As can be seen in the Figure 2.1, China has become the biggest player 
among Asian countries with 51% also, by 2012, the percentage of volume of CERs 
produced by China are increasing to 67%. As a result, it is clear from the figure that the 
biggest host country for CDM projects in the pipeline is China. The statistics are 
revealing that China has become the most favorite host country for CDM project 
investments.

By March 2010, China’s renewable energy projects participated in 1,405 projects of 
1,980 projects in the CDM pipeline. There are 4 types of renewable energy project 
including hydro power, wind power, biomass energy, and solar power project. The 
greater percentage are 60% of renewable energy projects while the other pay (40%) 
constitute another category as shown in the Figure 2.3. Despite 60% of the CDM 
projects are renewables, they only add up to 35% of the CERs (UNEP, 2009). Even 
renewable energy projects are able to generate fewer CERs when compare to HFCs 
project, there is a prospect future for the growth of renewable energy segment. In 
regarding to China’s 11th Five-Year Plan, China made a significant shift away from its 
previous energy policies which gave top priority to economic development underpinned 
by the expansion of energy production (Maeda, 2007). In addition, China is firmly 
committed to sustainable development and implemented its Nation Climate Change 
Programme in COP15 (NDRC, 2009). China has a strong intention toward sustainable 
development as it prioritize energy conservation in specific numerical goal.
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Figure 2.1: Number of CDM Projects in Asia by Country as of March 2010

Figure 2.2: Volume of CERs until 2012 in Asia by country as of March 2010

Source: CDM Projects by Host Region, Available at: http://cdmpipeline.org/cdm-projects-region.html



Source: CDM Projects by Type, Available at: http://cdmpipeline.org/cdm-projects-type.html

2.2 Concept Clarification

With growing number of studies in sustainable development, there is a consensus that 
sustainable development should encompass with three dimensions: economic 
development, social responsibility and environment protection. A balance between them 
sometimes referred to as the triple bottom line (Epstein, 2008). However, when 
translating the consensus concept into practical and concrete assessments of CDM 
sustainability performance, it is faced with difficulty in approaching to the assessment 
due to each of a single methodology that is universally approved. Among non-Annex I 
countries, China has a strong policy in which it prioritize to economic progress 
underpinned by the expansion of energy production (Maeda, 2007). Besides the rigid 
discipline to national sustainable development, the presence of sustainable development 
criteria especially for CDM is crucial. That is why this study selected a specific type of 
CDM project, renewable energy projects, along with a specific country, China, in order 
to make an effective methodology to measure sustainable development performance. 
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Figure 2.3: Number (%) of CDM Projects in Each Category of Types as of July 2010



In moving toward the above idea, the evaluation of triple bottom line2  impacts are 
necessary to make a better decision-making process in which squeezing sustainability 
performance of CDM renewables projects at the optimum level. Moreover, a large part 
(72%) of the total portfolio’s expected CERs are likely to represent real and measurable 
emission reductions, and less than 1% are likely to contribute significantly to sustainable 
development in developing countries (Sutter and Parreño, 2007). Thus criteria must be 
straightforward and specific enough to be able to concrete assess CDM projects. It must 
be able to reflect people’s preferences as well as measurable correspondence. 

2.3 Existing Sustainable Development Criteria

The historical divide between the two concepts, climate change and sustainable devel-
opment, is well analyzed and described in the literature (Cohen et al. 1998; Michaelis, 
2003; Najam et al., 2003; Swart et al., 2003). Thus to develop linkage between two 
notions and integrate them is hardly to reflect the whole picture. Since then an emerging 
and growing literature has dealt with a range of issues identifying synergies and trade-
offs between global climate change and sustainable development (Olsen, 2005). With 
growing attention to sustainable development toward economic, social and 
environmental issues, ideas on sustainability are also emerging in China and the 
internationally accepted definition has come from the traditional definition of 
sustainable development from the Report of the Brundtland Commission3 which states 
that development is sustainable when it “meets the needs of the present generation 
without compromising the ability of future generations to meet their own 
needs” (WCED, 1987: 47) and by blending both conservative concepts and modern 
thinking. Sustainable development criteria have been defined for CDM activities in 
China in Figure 2.4: 
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2 Triple bottom line is sometimes referred to as balance between economic development, social responsibility and environmental 
protection (Adrian H. and Julie R. 2004)

3 Brundtland Commission report, Our Common Future, was convened by the United Nations in 1983. The report concern about the 
accelerating deterioration of the human environment and natural resources and the consequences of that deterioration for economic 
and social development (UN, 1987). The report deals with sustainable development and the definition inside the report is often cited.

China’s CDM Sustainable Development Criteria

• Complement national economic and environmental strategy;

• Transfer of  technology and financial resources;

• Sustainable ways of  energy production;

• Increasing energy efficiency and conservation;

• Poverty alleviation through income and employment generation;

• Local environmental co-benefits.
Source: Shengmin (2005)



Figure 2.4: China’s Clean Development Mechanism Sustainable Development Criteria

Realizing that CDM, through its definition and criteria, can either strengthen or weaken 
sustainable development in host country Parties through decision-making process. In 
addition, ambiguous definition of sustainable development could make the sustainability 
appraising methodology miss the boat. Additionally, weak sustainability criteria set of 
China could lead to failure of CDM in contribution to one of the twin aim - sustainable 
development. Regarding existing six criteria above, to make a better sustainability 
ascertain methodology reflect true sustainability performance, more details are necessary 
to put together this set of  criteria. 

2.4 Key Challenges

While China CDM sustainability criteria does not address on sustainable development as 
much as it could be,  there is a possibility that these six criteria could eventually lead to 
competition among non-Annex I parties and resulting in a “race to the bottom” 4  
problem because non-Annex I parties try to undercut each other in order to attract 
CDM investments (Kelly and Helme, 2000). Hence CDM dual aims is less likely to be 
achieved if the United Nations Framework Convention on Climate Change (UNFCCC) 
still affirm that “it is the host Party’s prerogative to confirm whether a clean 
development mechanism project activity assists it in achieving sustainable 
development” (UNFCCC, 2002: 1). 

Over the past decade, a number of catastrophic events led to concern in inefficient 
economic development harming the environment. Human activities might relate to these 
events. This made the emerging of sustainable development concept in a series of 
meetings but it  had not been promoted widely until 1970s. Without a clear role of 
government and private sector, concerns about environment protection and poverty 
alleviation were neglected. Until the early implementation phase, post-Marrakesh5 
(2001), the board started its work to design every details of CDM from the cradle to the 
grave but they overlooked their enshrined definition of sustainable development and left 
the ambiguous definition to the hand of naive CDM host country Parties. Inexperienced 
developing countries probably encountered difficulty in judging whether the CDM 
projects that took place in their country actually contribute to sustainable development 
in their nation or not.  
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5 The Marrakesh period took place in 2001 in Marrakech, the Kingdom of Morocco regarding the conference of the Parties serving as 
the meeting of the Parties to the Kyoto Protocol and at that time it reached its seventh session of the Conference of the Parties 
(COP7).



Although China has a set of CDM sustainable development criteria, they are not strong 
enough to make the assessment tool reflect the genuine performance of sustainable 
development and to be able to prevent CDM renewable projects from failing to deliver 
CDM contribution to sustainable development. Six existing criteria have to be 
completed in all areas of sustainable development. The key challenges to this thesis is to 
define the suitable set of criteria that are applicable with sustainable development for 
renewable project in China with three different areas of the triple bottom line along with 
ascertaining sustainability performance from CDM projects implementation, by pursuing 
the appropriate approach which can measure degree of differences regarding different 
set of  indicators. 

2.5 Summary

As China become the major player of the global carbon market together with its top 
priority to the expansion of energy production before its economic development, the 
absence of either national or international CDM sustainability measurement standards 
could lead to a race to the bottom as CDM host country Parties try to undercut each 
other to attract CDM investments. While ambiguous definition of sustainable 
development together with a cloudy role for government and private sector could make 
the sustainability appraising methodology miss the boat. Further, China’s six CDM 
sustainability criteria probably led to failure of CDM projects in contribution to 
sustainable development. However, the six existing CDM sustainable development 
criteria must be straightforward and specific enough to be able to assess sustainability 
performance from the concrete CDM projects. Additionally, the original criteria should 
be ameliorated by adding more details to encompass all areas of sustainable 
development where CDM renewable energy projects can actually contribute. In addition, 
the adjustable characteristic of criteria in regard to people preference cannot be 
overlooked as well as measurable correspondence requirement in order to be able to 
reflect genuine sustainability performance of  examined projects. 
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3 Sustainability Assessment: At the Project Level

3.1 Requirements of Assessment Method

One of the most compelling issues to develop a good sustainability assessment tool are 
commenced with the right requirements. With carefully reviewing existing criteria, the 
strengths and weaknesses are spotted hence the requirements for assessment 
methodology are developed. One of the important issue in developing sustainability 
appraising tools are to link social, environmental, and economic impacts and 
stakeholders’ understanding in how to combine them. Trustworthiness and expertise or 
so-called credibility are essential because it is necessary to influence people’s minds by 
providing reliable subjective factors with objective measurements and placing report in 
context. Therefore, the quality of being trusted is the first requirement to the assessment 
methodology. 

To better integrate a specific set of requirements of sustainability performance 
measurement into the developed tool, considering the existence situation of CDM 
sustainable development contribution. Transparency of criteria selection has not yet 
been realized according to each in documents providing an overview of the sustainable 
development requirements of the respective countries (Müller-Pelzer, 2008). Therefore, 
transparency in criteria selection and evaluating process are the second requirement. 
Additionally, the transparency in set up the clear boundaries of the criteria is essential to 
producing a credible report. As well as objective measurements, subjective preferences 
must be made in a transparent way. Indeed, the assessment practice that embrace the 
transparent criteria set up will increase the creditability of  a project.   

Although the transparency in thorough methodology is necessary, objective measure-
ments and subjective preferences still related to the examined projects. As there are 
different category of projects within the CDM pipeline, the criterion condition for each 
category and type of project are different as well. The dissimilarity of situations in each 
country make it difficult for a fixed set of criteria and indicators to be used 
internationally. Hence, the set of criteria and indicators must be able to adjust in order to 
suit a specific condition in a specific location. Adjustable characters to the set of criteria 
and indicators can ensure that they are encompassed different situations and conditions 
within China. Therefore, the third requirement of sustainable development appraising 
tool is the adjustable set of  criteria and indicators.
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The fourth requirement is based upon the anticipation and desire of each stakeholder in 
the aspect of sustainable development contribution because issues over sustainability 
criteria often entails people preferences. Hence, measuring the payoffs of CDM 
sustainability cannot be done without providing weighting features. Additionally, to be 
able to reflect stakeholders’ preferences, weightings empower decision-makers to obtain 
truly sustainability performance. Besides the importance of weightings, an approach that 
can reflect a real achievement in sustainable development from one project must be 
addressed. However, there are numerous approaches that can be used to ascertain 
sustainability performance from CDM projects, the multi-criteria approach is currently 
used extensively in CDM sustainable development ascertain tools. 

Being helped in dealing with complexity especially when confronting with more than 
one decision-making criterion is one of the merits of multi-criteria technique (Afgan 
and Carvalho, 2001; Liping, 2009). Since the thesis is focused particularly in renewable 
energy projects in China, four renewable energy project types including hydro power, 
wind, biomass energy, and solar power, the last requirement is to pursue an appraising 
tool that use multi-criteria techniques and be able to apply exclusively to renewable 
energy project in order to further develop the most suitable methodology for China. 
However, the developed tool’s criteria are inspired from the various existing sets of 
sustainable development criteria, for instance, the existing sets of sustainable 
development criteria are selected from Global Reporting Initiative (GRI) as a foundation 
in the way to support development of  credibility methodology. 

As discussed above, the five key requirements for the determination of sustainable 
development at the project level was developed from the idea and concepts from several 
authors6. Regarding multi-criteria approach in dealing with complexity, there is no CDM 
sustainability measurement standard (Afgan and Carvalho, 2001). Therefore, three 
sustainability appraising tools that are likely to meet the five requirements that are based 
on multi-criteria approach, South-South-North Matrix Tool (SSN)7, Gold Standard 
Method8, and Multi-Attributive Assessment of CDM  (MATA-CDM)9 are selected to  be 
examined by SWOT analysis in order to match the best suited method which will be 
further developed to be the most appropriate sustainability apppraising tool for China.
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7 Abstract from South South North Website which can be found at http://www.southsouthnorth.org. 

8 For more information on the Gold Standard can be found at http://www.cdmgoldstandard.org/index.php. 

9 MATA-CDM is the method for appraising the sustainability of CDM projects which is developed by Swiss Federal Institute of 
Technology, the World Business Council for Sustainable Development and International Emission Trading Association (Liping et al. 
2009).



3.2 Determine Different Approaches to Ensure Sustainability by SWOT analysis 

Strengths, Weaknesses, Opportunities and Threats (SWOTs) originates from the 
business management literature and there are numerous example of successful 
application of SWOT analyses in the various areas10. Additionally, a holistic perspective 
regarding the results of SWOT analysis is utilized as baseline to match the best suited 
methodology with five requirements as explained in the chapter 3.1.

3.2.1 SWOT Profile of Three Multi-Criteria Methodologies

(1)South-South-North Matrix Tool (SSN)
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10 SWOT analysis is commonly use in sales, advertising, production, research and development, finance, customer service, inventory 
control, quality control, and other areas (Ferrell and Hartline, 2007).

Internal

Positive

Negative

External

Strengths Opportunities

ThreatsWeaknesses

• This tool is relatively simple to use, it is 

based on subjectively assigned scores 

(Olsen, 2005).  This tool is specifically de-

signed for energy projects (Cosbey et al., 

2006).

• SSN is a network-based non-profit organi-

zation sharing two decades of  experience 

in the fields of  climate change and social 

development (SouthSouthNorth, 2010). 

• Transparent selection for sustainable de-

velopment indicators, indicator grading, 

etc.

• Too many criteria, high level of  subjectiv-

ity associated with using scores to qualita-

tives criteria (Amous, 2004).

• No weight is set for each indicator with 

this method and only the structure of  

each indicator is simply added (Liping et 

al., 2009).

• The broad criteria are too general in order 

to be quantifiable (Burian, 2006).

• Checklist tool for appraising the suitability 

of  potential CDM projects.

• Lack of  desire to continue SSN3 (South-

SouthNorth, 2008).

• Only positive contributions to all indica-

tors made CDM project qualified SSN 

sustainable development regarding to 

SSN corresponding meter [-2, +2].

• A hand-on approach to learning-by-doing 

led to counterproductiveness in sustain-

ability achievement.

• SSN matrix tool is widely recognized as 

Sustainable Development Tool (Thorne et 

al., 2007).

• Not only benefit from sustainable develop-

ment ascertaining from SSN matrix that 

CDM host countries will acquire, but also 

the global SSN network benefits which over 

the last decade has been engaged in devel-

oping and supporting SSN network by en-

able further sharing and learning across the 

various countries in the network (Braa et al. 

2007).

• Regional co-operation (fund), largely funded 

by the Department of  Foreign Affairs of  

the Netherlands (SouthSouthNorth, 2010).



(2)Gold Standard method
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Internal

Positive

Negative

External

Strengths Opportunities

ThreatsWeaknesses

• High-quality emission reduction with high 

environmental integrity and secured local 

social, environmental and economic bene-

fits projects are ensured by stricter re-

quirements (Cosbey et al., 2006).

• The transparency of  method due to the 

Gold Standard is owned and managed by 

an international coalition of  non-govern-

mental organization (NGO).

• The Gold Standard employs UNFCCC’s 

Additionality Tool, which provides a step-

by-step method for showing that a project 

goes beyond BAU in term of  positive 

environmental impact (Gold Standard, 

2010).

• Sustainability matrix, an Environmental 

Impact Assessment (EIA), and a stake-

holder consultation are included.

• Gold Standard projects engage local 

stakeholders and ensure sustainable de-

velopment (Gold Standard, 2010).

• Rely on the participation of  developers 

and local governments.

• Sustainable development matrix will mal-

function when each indicator of  projects 

has not got benefits in the true sense.

• The Gold Standard relies on the subjec-

tive judgement of  auditor rating a project 

activity on each criterion between + and 

-2 (Hansjürgens and Antes, 2008).

• Limits to certain types of  projects be-

cause it is exclude large hydro project 

(Michaelowa, 2005).

• CERs from Gold Standard projects be-

come notably more costly than ordinary 

ones (Nussbaumer, 2009).

• Longer time consumption due to rejec-

tion of  the existence validity of  the CDM 

project’s additionality already approved as 

its conservative approach.

• The total score of  sustainability apprais-

ing CDM project must be positive in or-

der to obtain the Gold Standard label and 

if  there is any indicator score of  -2, CDM 

project will not be qualified the Gold 

Standard.

• Market penetration for the Gold Standard 

CDM projects is crucial because of  higher 

willingness to pay for a high cost of  

CERs (Burian, 2006).

• The Gold Standard is the world’s only 

quality standard for carbon emission re-

duction projects with added SD benefits 

and guaranteed environmental integrity 

(Gold Standard, 2010).

• CDM projects with demonstrable ‘devel-

opment dividends’ can demand a price 

premium for their CERs (UNDP, 2008). 

If  CDM project can be labeled by Gold 

Standard, the price of  its CER can expect 

to obtain a 10 EUR premium on top of  

the standard price (UNDP, 2008).

• Certified Emission Reduction (CER) buy-

ers can choose to pay a premium to avoid 

reputation risks, and Annex-I govern-

ments can set additional SD requirements 

for the use of  CERs.

• Well established position with a well de-

fined carbon market niche.



(3)Multi-Attributive Assessment of  CDM (MATA-CDM)

3.3 Comparison of SWOTs Result  

In the following, the result of three methodologies from SWOT analysis is presented 
and counterpart with the five requirements: methodology credibility, transparency in 
objective measurement, adjustable clearly defined relative to national sustainable 
development criteria, subjective preferences through appraising process and able to 
reflect in regards to preferences, and built for energy related areas. Even though all tools 
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Internal

Positive

Negative

External

Strengths Opportunities

ThreatsWeaknesses

• Provide weightings feature by using the 

direct weighting and Analytic Hierarchy 

Process (AHP) to derive the weightings.

• The methodology is relatively simple to 

apply and does not require advanced 

knowledge in multi-criteria techniques 

(Nussbaumer, 2009). 

• Scientifically sound although pragmatic 

multi-criteria assessment methodology 

(Sutter, 2003)

• Quantitative project assessment can pro-

vide more transparency and validity in the 

CDM approval process than the qualita-

tive application of  guidelines (Heuberger 

et al., 2007).

• 9 indicators of  MATA-CDM do not fully 

encompass all areas of  sustainable devel-

opemnt (Liping et al, 2009).

• Taking all stakeholders interest into ac-

count is difficult for the bigger projects 

(Burian, 2006).

• Weightings derived from participatory 

processes would be ideal, but difficult to 

meaningfully implement (Nussbaumer, 

2009).

• The assessment of  qualitative and semi-

quantitative indicators is flexible, which 

weakens the objectivity of  the assessment 

results to some extent (Liping et al, 2009).

• No possibility to increase the price of  

CERs if  MATA-CDM cannot become the 

world’s quality sustainability appraising 

standard as same as the Gold Standard. 

• MATA-CDM is only officially applied in 

limited countries to date (Hansjürgens and 

Antes, 2008).

• There is a potential to be one of  the 

world’s quality standard for carbon emis-

sion reduction project since there is no 

weighting feature in competitive tools that 

can reflect stakeholders’ preferences 

about economic development, social re-

sponsibility, and environmental protection 

priorities.

• MATA-CDM is the exclusively tool which 

able to weight and score for non quantifi-

able attributes (Nussbaumer, 2009).



qualify transparency requirement with the same score, the first two methodologies does 
not have a score in weighting feature requirement because SSN is an early version of a 
multi-criteria approach for CDM  project assessment (Sutter, 2003). SSN has not got any 
ranking and weighting function to adjust the preferences of different stakeholders as 
well as the Gold standard which implements South-South-North’s sustainable 
development tool (Gold Standard 2010). Therefore, MATA-CDM is more likely to be  a 
method that meets the five requirements. 

The South-South-Norht’s concept, learning by doing, is more likely to rely on Plan-Do-
Check-Action (PDCA)11 cycle. The main treat of SSN could led to counterproductiving 
in sustainability achievement according to time consumption for the hand-on approach. 
Likewise, Gold Standard need a longer time consumption for conduction of explicit 
public participation together with a requirement of Environmental Impact Assessment 
(EIA) (Sutter, 2003). Still, the total score of CDM project sustainability appraising must 
be positive in order to obtain Gold Standard label and this could cause higher 
willingness to pay for a high cost of CERs (Burian, 2006). While, MATA-CDM  has the 
less opportunity in increasing the price of CERs, the less willingness to pay for a lower 
cost compared to the projects which labeled by Gold Standard. This could bring 
favorable circumstance to MATA-CDM to the next level by becoming a compulsory 
tool that sustainability performance of every CDM renewable energy projects must be 
assessed before the project owners can sell their CERs.

SWOT results reveal threats as well as opportunities. First of all, the SSN matrix tool is 
widely recognized and has a long history for being a sustainable development tool 
(Thorne et al., 2007) and not only benefit from sustainable development ascertaining for 
SSN matrix that CDM  host countries will acquire but also the global SSN network 
benefits which it has over the last decade in enabling further sharing and learning across 
the various countries in the network (Braa et al., 2007). While, Gold Standard is the 
worlds’ only quality standard for carbon emission reduction projects which add 
sustainable development benefits and guarantee environmental integrity (Gold Standard, 
2010). Furthermore, CDM projects with Gold Standard label can expect to obtain a 10 
EUR premium on top of the standard price (UNDP, 2010) as well as benefit from 
avoiding reputation risks when buying Gold Standard label projects’ CERs.

Compared with the first two methodologies, MATA-CDM own an exclusive opportunity 
as there is not any weighting feature in the others. In addition, MATA-CDM is able to 
weight and score for non quantifiable attributes (Nussbaumer, 2009). However, the 
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11 The PDCA Cycle is popular and useful paradigm utilized for quality improvement and the idea is to plan the approach, implement 
(“do”) it, check on how things are working, act on the results of that checking, and continue the cycle (Young, 2007).



SWOT analysis of multi-criteria methodologies was conducted with the intention to 
build on strengths and eliminate weaknesses. Thus reinforcement of all strengths as well 
as weaknesses mitigation are made and applied into the developed methodology and 
described in a greater details in chapter 4.

3.4 Overview of Multi-Attributive Assessment of CDM (MATA-CDM)

Multi-Attributive Assessment of CDM was introduced by Sutter (2003) to evaluate the 
sustainable development contribution in host country of CDM projects. This 
sustainability performance ascertainment of CDM  projects on the basis of succeeding 
CDM sustainable development objectives based on the the Multi-Attribute Utility 
Theory (MAUT)12. Sutter (2003) stated that the decision to develop MATA-CDM was 
made because particular shortcoming were identified in the existing methods and he 
wanted his tool to be able to combine subjective sustainability preference in a 
transparent way with objectively measurable parameters. Furthermore, he claimed that 
MATA-CDM  is free of many of the shortcomings that have been observed in other 
approaches proposed by different authors because MATA-CDM is designed to generate 
a holistic overview assessment of the sustainable development contribution of CDM 
projects unlike the others (Sutter and Parreño, 2007). 

As the main contents of this method are to set the indicator systems of sustainable 
development to respond and cover with the three aspects of economy development, 
social responsibility and environmental protection. To become meaningful at the project 
level, MATA-CDM was designed to assess only contributions towards sustainable 
development and its method was expected to cover the issues required for sketching the 
holistic concept of sustainability (Sutter, 2003). MATA-CDM is able to aggregate the 
results of the various criteria by an additive model that computes and overall utility (U) 
of the CDM project between -1 and +1 (Sutter, 2003). The application of this 
methodology is the assessment of CDM projects related to energy activities (Liping et 
al., 2009). It is necessary to explain that the central formula of MATA-CDM to 
transform results from each indicators into overall utility of  CDM projects could be:

 20

12 MAUT is a kind of multi-criteria decision making (MCDM) The research of MCDM is mainly about the decision issue when peo-
ple face with more than one decision-making criterion (Liping et al., 2009). For an overview of MAUT, see e.g. De Mantis et al. 
2000.

Legend: 	   P 	 = CDM Project	 	   Wi 	 = Weighting of criterion I	 	   U 	 = Overall Utility

	 	   Ci  	 = Sustainability criterion I	   Ui  	 = Single utility of criterion I	 	



There are 5 steps involved in the core equation of MATA-CDM to compute the overall 
utility of  CDM projects:

Step 1: Sustainability Criteria Identification

Within 5 steps, the criteria and indicator system for sustainability performance 
appraising is considerably to be the critical part of the methodology. As there is not any 
existing set of criteria available for specific project, selecting and forming a set of 
sustainability criteria cannot be completed without normative decisions together with the 
necessity to define a threshold level for each criteria. In addition, the criteria used for 
each project must be elaborated and discussed with stakeholders. The criteria 
establishment should concern not only the reflection of sustainable development 
contribution from CDM projects but also reflections of the overall preferences of 
stakeholders in decision-making process. 

Step 2: Defining Indicators and Utility Evaluation

After establishing sustainability criteria, it is necessary to carry out indicators 
specification. Each sustainability criteria must be able to measure with its own indicator 
and it can be characterized as quantitative, semi-quantitative or qualitative. While, the 
concept of utility allows the quantities to be normalized with different units and 
aggregated in a single value (Sutter, 2003), the utility functions have to be order 
preserving (Fishburn, 1988). It is supposed that utility function of each indicator could 
be determining the result of projects contribution whether each indicator could be 
positive or negative. Since the MATA-CDM utility function varies between -1 and +1 
and the closer the value is to -1 means the greater the net negative influence on impact 
of CDM project activities compared to the baseline case as well as the nearer the value is 
to +1, the higher opportunity to create positive influences on sustainable development 
of  the country.

Step 3: Criteria Weighting and Ranking

The need for weighting and ranking began with one of the requirements to map the 
decision maker’s individual preferences. Hence, MATA-CDM  assesses the sustainability 
preferences of involved decision makers and combines them to joint weighting of the 
group that is performing the assessment (Sutter, 2003). To make this work, MAUT is 
adopted as part of the methodology. As Thomas et al. (2001) systematically discuss the 
advantages and disadvantages of different ranking and weighting methods suitable for 
the sustainability ascertainment of CDM projects a weighting for individual can be 
determined by the Analytic Hierarchy Process (AHP).
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Step 4: Assessment of  Rated Criteria

One important procedure for evaluating tool’s objectives with results is the assessment 
step. Appraisal is critically important because it associate the results to the principles of 
sustainable development contribution from CDM projects. To drive the methodology 
through sustainable development issues, step 4, a project proposal must be assessed in 
each of the predefined sustainability criteria by means of the respective indicator (Sutter, 
2003). The critical point in step 4 is that each criteria must be rated unless it has to be 
measured by a stakeholder inquiry or estimated by the study team (Scholz and Tietje, 
2002).

Step 5: Aggregation and Interpretation of  Results

The results of equation formulation is being scrutinized in this step. Some criteria could 
have been ineffective in contribution for addressing sustainable development. Hence, a 
prime challenge is to aggregate the assessed rated criteria results in judging a project 
performance meeting the minimal overall utility Umin as well as evaluating how much 
sustainability performance that CDM project could contribute. 

3.5 Summary

Without appropriate methodology, CDM projects may not obtain the benefits associated 
with contribution in environmental protection, social responsibility and economic 
development issues. The alignment of establishing five requirements, a SWOT analysis 
on three existing methodologies and mapping requirements with different approaches 
are essential for pursuance the proper sustainability performance ascertain tool. This can 
be viewed in the comparison in Figure 3.1:

Requirement SSN Gold Standard MATA-CDM

Methodology Credibility 2 3 1

Criteria Selection Transparency 3 3 3

Adjustable for Clearly Define Criteria 1 2 2

Reflect Stakeholder Preference 0 0 3

Built for Energy Related 3 3 3

Total 9 11 12

Among methodologies to evaluate sustainability performance of CDM projects, Multi-
Attributive Analysis for CDM (MATA-CDM) can answer to all requirements. With the 
clear definition of each criteria along with its own level of threshold, transparent 
manner in objectively determinable project,  the developed methodology is ready to 
ensure valid results from the assessment. Moreover, SWOTs result reveals that MATA-
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Figure 3.1: Comparisons of SWOT analysis result.



CDM has a potential to be one of the world’s quality standard for carbon emission 
reduction projects. Yet there is an opportunity to increase the price of CERs likewise the 
projects that passed the inspection of  the Gold Standard. 

In managing sustainability assessment from CDM renewable energy projects, 
understanding and carefully proceed each step involved in the central equation of 
MATA-CDM  to compute the overall utility of CDM projects is crucial. Additionally, the 
standard procedure of MATA-CDM is divided into five steps. In the first step, 
establishing a set of sustainability criteria in regards to stakeholders’ preferences and 
defining a threshold level for each criteria. To be followed with defining indicators along 
with utility evaluation in the second step. The third step is determined the utility of each 
indicator respective to its criterion. It is important to assess each of the predefined 
sustainability criterion along with its threshold by means of the respective indicator. In 
the fourth step, weightings of individual preference can be determined by Analytic 
Hierarchy Process (AHP) and the weighting values are translated into numerical value. 
For each alternative criteria, the final step involves with interpretation of weighted 
criteria and its utility into single utility of criterion. Then each single utility is aggregated 
and judged for the project performance in terms of how much sustainability 
performance contribution can be received from the examined project.
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4 Multi-Criteria Assessment for Renewables Project

4.1 Identification of Sustainability Criteria for CDM Renewables Projects 

As CDM renewable energy project is the emerging giants of the global carbon market, 
the importance of sustainable development contribution from CDM projects can 
transform living standards for millions of people such as improving energy access. By 
integrating sustainable development concept alone it cannot ensure human well-being 
due to sustainable development ambiguous meaning. Even if it is vague, yet it is able to 
refer to a balance among economic progress, social responsibility and environmental 
protection (Epstein, 2008). To help understand what sustainable development is in the 
context of criteria, the triple bottom line is broken down into 17 sub-goal (see Figure 
4.1). The criteria will be used for the China case study, and have been elaborated and 
modified with several authors’ criteria. Additionally, a set of clearly define and 
straightforward sustainability criteria for CDM renewable energy projects can help the 
developed tool in achieving the thesis objective. 
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Figure 4.1: The 17 sustainability criteria for China’s CDM renewable energy projects in a hierarchical model. 
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The 17 criteria are developed from the experience over the past years of Epstein (2008), 
Heuberger (2003), Liping et al. (2009), Scholz and Tietje (2002) and Sutter (2003) 
including criteria from the guidelines for criteria of Global Reporting Initiative (GRI).  
Even Hübscher (1997: 16) stated that “it is not clear from the beginning on what the 
problem is and thus, what a solution is.”, the challenge in the case of an ill-defined 
meaning of sustainable development is to make it as clear as possible. With 17 (sub-) 
criteria, they highlight what is important in economic progress, social responsibility, and 
environment protection.

4.2 Defining Indicators 

It is critical to collect information for measurement of indicators to possess the actual 
sustainable performance. At least, environmental impact information of each renewable 
energy indicator should then be included to improve decision-making. However, data-
intensive indicators, quantitative and semi-quantitative, make it difficult in measuring 
things in numerical value. Without information from project design document, 
pursuance of input for each indicator make it also difficult in providing a complete 
assessment. With the scoring of the indicator, semi-quantitative and qualitative 
indicators can possibly supplement quantitative indicators (Sutter, 2003). The set of 
indicators can then be characterized as quantitative, semi-quantitative or qualitative in 
order to be as precise as possible to obtain an actual sustainability performance.  

The criteria for environmental, economic and social domain are used to refer in judging 
if the CDM projects decrease environmental impact, create positive effects on economic 
development, and contribute toward a prosperous society. Additionally, the 
environmental criteria examine to what degree projects have possess effects on the 
environment while economic criteria audit the performance in financial implications of 
project activities and the social criteria look closely at project operational activities  and 
consequences for positive contribution such as removal of social disparities. To follow 
the mentioned requirements in the previous chapter, description of criterion and 
measurement of indicators are defined with clear explanation. Criteria and its respective 
indicator are committed to minimizing misunderstanding to any stakeholder. At the 
minimum, the criteria and indicator fully complies with all related useful information. 
They strive for continuous improvement in the methodology efficiency with expectation 
to reflect the actual sustainable development performance. Even development of criteria 
and respective indicators is based on reviewing several authors’ idea and concepts, the 
following identification of criteria along with respective indicators and scales are partially 
modified from the assessment criteria of  Heuberger (2003) and Sutter (2003).
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Criterion 1: CO2 Reduction Cost

 26

C
ri
te

ri
o
n
 1

: 
C
O

2
 R

ed
u
ct

io
n
 C

o
st

Description of Criterion

When focusing on how much cost would contribute to the better quality of 
air and benchmarking with the highest and the lowest CO2 among the 
examine' project type, the better or worse in CO2 reduction implication of 
the examine project is reveal.

Indicator

Semi-quantitative indicator: CO2  reduction cost implication

Measurement of Indicator

The indicator benchmarking the cost that contribute to CO2 reduction of 
the single project with its maximum cost and minimum cost of CO2 
reduction contribution within its project type.

** Both the lowest and the highest investment cost / tCO2e must derive from the 
same type

Utility Function

CO2 Reduction =          

cost implication

Investment cost/tCO2e of  examine project - The lowest investment cost/tCO2e

The highest investment cost/tCO2e - The lowest investment cost/tCO2e

1

Utility

-1

CO2 reduction 
implication1.00.5-0.5-1.0



Criterion 2: CO2 Reduction Performance

 27

C
ri
te

ri
o
n
 2

: 
C
O

2
 R

ed
u
ct

io
n
 P

er
fo

rm
an

ce

Indicator

Semi-quantitative indicator; CO2  reduction performance

Description of Criterion

Contribution from  the project activities to improve air quality by lowering 
CO2 emission to the regional air quality is one of the vital criteria in 
environmental protection criteria.

Measurement of Indicator

Quantitative compilation of amount of CO2 reduction/ kW. The indicator 
bench-marking the performance that decreasing pressure on CO2 reduction 
to the regional air quality.

** Both the lowest and the highest tCO2e/kW must derive from the same type

Utility Function

1

Utility

-1

100%50%-50%-100%
CO2 reduction 
performance

CO2 Reduction =      

performance

Annual tCO2e/kW of  examine project - Lowest annual tCO2e/kW

Highest annual tCO2e/kW of  its class - Lowest annual tCO2e/kW

x 100



Criterion 3: Water Withdrawal 
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Description of Criterion

The amount of water drawn into the project system boundaries including 
surface water, ground water, rainwater, and municipal water supply can 
affect the environment by lowering the water table, reducing volume of 
water available for use, and etc. Understanding of the scale of potential 
impacts and risks that could significantly affect surroundings and the way of 
life of  people who live near the project site are necessary. 

Indicator

Semi-quantitative indicator with 5-step scale

Measurement of Indicator

The indicator measures the scale of water withdrawal from project 
operational activities.

A =  less than 5 kg/kWh of  electricity generation

B =  less than 15 kg/kWh but more than 5 kg/kWh of  electricity generation

C =  less than 30 kg/kWh but more than 15 kg/kWh of  electricity generation 

D =  less than 50 kg/kWh but more than 30 kg/kWh of  electricity generation 

E =  more than 50 kg/kWh of  electricity generation

Utility Function

Water consumption in kg per kWh 
of  electricity generation

Photovoltaic  10

Wind   1

Hydro   36

Geothermal  12-300

Source: Inhaber, 2004

Biomass-fired 10                             

power plant

Source: Wu et al., 2002

A

1

U
ti

lit
y

0
E D C B

-1

Semi-quantitative 
scale



Criterion 4: Biodiversity
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Description of Criterion

The over-exploitation of species from project operational activities play a 
negative role in conserving biodiversity which is one of the sustainable 
development criteria. Projects that contribute to the massive loss of species 
must not be financed. Therefore, biodiversity impact evaluation should 
carry on with all development projects.

Indicator

Qualitative indicator with 5-step scale

Measurement of Indicator

The indicator measure the scale of loss on biodiversity from operational 
activities. The scale is not based on scientific results. It will therefore serve 
as an example for China.

A =  improve biodiversity without compromising the others

B =  no biodiversity loss compare to baseline

C =  slightly affect to few species from operational activities

D =  moderately affect to many species from operational activities

E =  massive extinctions from operational activities

Utility Function

Semi-quantitative 
scaleA

1

U
ti

lit
y

0
E D C B

-1



Criterion 5: Habitat
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Description of Criterion

Almost always area where projects are located affect natural habitats, but the 
protection from any harm during operational activities and restoration on 
habitats are needed in order to prevent and redress negative impacts asso-
ciated with operational activities. Protection and restoring natural habitats is 
one way to promote sustainable development together with enhancing the 
reputation of  the CERs buyer.

Indicator

Qualitative indicator with 5-step scale

Measurement of Indicator

The indicator enables stakeholders to analyze how well project developer 
returning an effected habitat to a self-sustaining condition or as close as its 
pre-disturbed state. The scale is not based on scientific results. It 
willtherefore serve as an example for China.

A =  significantly improving habitat better than its pre-disturbed state.

B =  fairly improving habitat 

C =  no change compare to baseline

D =  moderately degrading habitats by project operational activities

E =  excessively degrading habitats by project operational activities

Utility Function

Semi-quantitative 
scaleA

1

U
ti

lit
y

0
E D C B

-1



Criterion 6: Electricity Generation Cost
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Description of Criterion

Electricity generation cost is used to diagnose by mean of contribution to a 
financial point of view. The lower generation cost the more benefit to 
project owner and the poor in term of  increase capability in energy access.

Indicator

Quantitative indicator; Investment cost / kW

Measurement of Indicator

The indicator benchmarking the cost for electricity generation of the single 
project with its maximum cost and minimum cost of electricity generation 
within its type.

** Both the lowest and the highest investment cost / kW must derive from the same type

Utility Function

Electricity Generation = 
Cost Implication

1

Utility

-1

1.0-1.0

Electricity Generation 
Cost Implication

Investment cost / kW of  examine project - The lowest investment cost / kW

The highest investment cost / kW - The lowest investment cost / kW

-0.5 0.5



Criterion 7: Electricity Generation Efficiency
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Description of Criterion

Renewable energy project efficiencies are typically related to economic 
choice. In order to finance a highly efficient project of renewable energy, 
technology and electricity generation efficiency must be well understood. 
Efficiency of electricity generation of renewable project can add value by 
yielding higher output for any existing input.

Indicator

Semi-quantitative indicator; Efficiency of  electricity generation

Measurement of Indicator

The indicator measures the project efficiency in electricity generation for 
each renewable project type and the efficiency of  each type are listed below: 

	 	 	 Photovoltaic   4 - 22%

   Wind    24 - 54%

   Hydro    > 90%

   Geothermal   10 - 20%
   Source: Inhaber, 2004

   Biomass-fired   12 - 17%                             

   power plant
   Source: Wu et al., 2002

Utility Function

0

1

Utility

Electricity 
Generation 
Efficiency50% 100%

-1



Criterion 8: Capital Budgeting
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Description of Criterion

By providing the discount rate that forces the project’s Net Present Value 
(NPV) to equal zero (Brigham, 2008), yield to maturity or project’s internal 
rate of return on investment is useful when deciding on a potential 
investment. The higher an internal rate of return of a project, the more 
desirable to project owner.

Indicator

Quantitative indicator; IRR of  a project

Measurement of Indicator

The indicator gives internal rate of return (IRR) information in order to 

make a decision-making process effectively. The rule of decision-making is 

to approve the project when IRR is more than 10% and with IRR less than 

10%, the utility is becoming negative value while IRR above 10% yield 

positive utility value regarding to the calculation of project IRR in Project 

Design Document (PDD).

                 
** Function description is modified from Sutter (2003)

Utility Function

** Utility figure source: Sutter (2003)

0

1

Utility

-1

IRR
10% 20%

( Project IRR - 20 )Capital Budgeting Utility  -  1  =   1 

 10



Criterion 9: Employment Generation
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Description of Criterion

Indicates the change in employment that are recruit by CDM renewable 
energy project compare to the project scenario and reference scenario. 

Indicator

Quantitative indicator; Additional man-month per CERs

Measurement of Indicator

The number of annually employment generation is counted and compared to 
the baseline project. 

Utility Function

Utility

-1

1
EG

-0.5-1

1

0.5

EGp - EGb

EGnet =

Where: EGnet =  net employment generation/1,000CER 

  EGp = employment generation in an examine project

  EGb = employment generation in baseline case

  AER =  annual emission reduction (ktCO2e)

AER



Criterion 10: Technology Transfer
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Description of Criterion

This criterion intends project to have long run of technology transfer. 
Technology transfer shares one thing in common which is transferred in 
skills and technologies. Annex-I countries must take all practicable steps to 
promote sustainable development in host country Parties.

Indicator

Qualitative indicator with 5-step scale

Measurement of Indicator

The indicator enables stakeholders to acknowledge technology transfer 
conditions. The scale is not based on scientific results. It will therefore serve 
as an example for China.

A =  the transferred technology can be maintained locally and be able to 

        implement the transferred technology with the potential capacity

B =  skills have been transfered with the assistance from outside with the 

 technology transfer and host country can do repair and maintenance works

C =  no technology transfer but China can do repair and maintenance works

D =  no technology transfer and host country has to rely on manufacturing

 company for repair and maintenance works on the major parts

E =  no technology transfer and the transferred technology cannon be kept in 

 the long-term with no potential capacity exist

Utility Function

Qualitative
scaleA

1

U
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y

0
E D C B

-1



Criterion 11: Stakeholders Engagement
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Description of Criterion

Individuals, groups or communities affected directly or indirectly by the 
project have a right to participating in the project development. But how 
many of stakeholders are participated? One rigid evidence is a questionnaire, 
therefore questionnaire/CERp can represent stakeholders engagement 
performance of  the project.

Utility Function

Indicator 

Semi-quantitative indicator; Stakeholders engagement implication

-1

2

Stakeholders 
Engagement 
Implication1

1

Measurement of Indicator

Semi-quantitative compilation of questionnaire / emission reduction. The 
indicator assesses the stakeholders engagement situation of  the project.

Where: CERp = emission reductions of  examined project 

Note: In case there is no residence within 10 km2  in any project, utility is equal to 0. 
Even if  project owner hold interview and the calculation result become negative,  utility 
is rounded up to 0. Moreover, if  there is no number of  surveyed people identified, but 
there is an evidence shown that project owner has good intention in stakeholder 
engagement, utility value is equal to 0.5

Stakeholders  engagement = 
Implication

Stakeholders Engagement in Questionnaire x 1000

                                   CERp

Utility



Criterion 12: Facilities Development
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Description of Criterion

New roads, better travel conditions, or new pipelines of drinking water are 
the example of facilities development that project could contribute during 
construction and operation. Even the indirect product besides electricity, if 
it can make use of and help in protecting the environment, is counted as 
one of facility development. As long as there is no social conflict, it is 
considering as a benefit for all neighboring residents. 

Indicator

Qualitative indicator with 5-step scale

Measurement of Indicator

The indicator indicates facilities and services that are built and provided for 
neighboring residents without social conflicts. The scale is not based on 
scientific results. It will therefore serve as an example for China.

A =  no social conflict and many facilities or services have been generated 

B =  no social conflict and few facilities or services have been generated

C =  no social conflict but not any facilities have been built

D =  social conflicts were incurred but few facilities or services were generated

E =  social conflicts were incurred and not any facilities and services have 

 been generated

Utility Function

Qualitative 
scaleA

1
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Criterion 13: Wages Distribution
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Description of Criterion

A rise in wage inequality results in differences in area development in the 
short run and long run, investment in a province which have lower monthly 
wage than average could prevent migrants and cause population density in 
the capital cities as well as improve balancing in quality of life in dispersion 
through nation.

Indicator

Semi-quantitative indicator; Basic wages differences among provinces

Measurement of Indicator

The indicator identify the ratio of the basic salary among provinces in 
China in each province in appendix. The following parameters is designed 
to calculate the basic salary of people who live in a province were project 
take place and are described in the following formula.

**Rural monthly wage of  project location can be found in wages index in appendix.

Utility Function

Utility

100700

-1

1

(Rural monthly wage of  project location - 250)Wage Distribution Utility - 1  =  

Monthly Wage 
(USD)400

 - 2 

 300



Criterion 14: Energy Access
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Description of Criterion

CDM renewable energy projects should not only use to strengthen nation’s 
energy security but it should also be used in order to promote energy access 
capability for the poor. Access to energy services is a fundamental 
prerequisite for poverty reduction and sustainable human development 
(Bates et al., 2009). Energy provision for the poor is essential because, for 
example, lighting for reading for their children could decrease their 
pressures on their livelihood.

Indicator

Semi-quantitative indicator; Energy access performance

Measurement of Indicator

The indicator determine increment/decrement of energy access by local 

and nearby community compared to the baseline.

** Both the minimum and the maximum installed capacity must be obtained from the same 

Utility Function

Energy Access     

Performance
=

Installed capacity of  examine project - The minimum Installed capacity

The maximum installed capacity - The minimum installed 

Utility

-1

1

Energy Access 
Performance

0.5

1



Criterion 15: Employment Capacity Building
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Description of Criterion

Project developer must engages in management or technical practices that 
promote professional development to its employee. The career 
development opportunities could generate benefits to the community and 
the company. Therefore, investment in employment practices is the good 
long-term interests to both local communities and companies. 

Indicator

Qualitative indicator with 5-step scale

Measurement of Indicator

Opportunities for career and capacity development is compared to baseline. 
The scale is not based on scientific results. It will therefore serve as an 
example for China

A =  considerably more opportunities and more offers training in programs, either 

       management or technical practices for career development

B =  opportunities for employment practices with few offers training in program

C =  not any practices available

D =  opportunities for employment practices available upon request

E =  no opportunity and refrain employees from the practices

Utility Function

Qualitative 
scaleA
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Criterion 16: Visual Impact & Noise Pollution

 41

C
ri
te

ri
o
n
 1

6
: 

V
is

u
al

 I
m

p
ac

t 
&

 N
o
is

e 
Po

llu
ti
o
n

Description of Criterion

The project should not produce noise pollution and visual impact more 
than the baseline. In fact, it should decreasing pressure on the regional noise 
pollution and visual impact.

Indicator

Qualitative indicator with 5-step scale

Measurement of Indicator

The indicator examines to what extent the project creates visual impact and 

noise pollution to stakeholders who live in the vicinity of the project location. 

The scale is not based on scientific results. It will therefore serve as an 

example for China.

A =  no noise pollution and people who lives nearby enjoy the visual scenario of
 the project
B =  no noise pollution and no visual impact on the surrounding environment
C =  project has slightly visual impact and creates noise output at an acceptation
 level or very low on the surrounding environment
D =  project has moderately visual impact and creates noise output at a low level 
 level on the surrounding environment/ project has extremely visual impact 
 and creates noise output at the significant level on the surrounding 
 environment
E =  project has extremely visual impact and creates noise output at the significant
 level on the surrounding environment

Utility Function

Qualitative 
scaleA
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Criterion 17: Tourism & Cultural Heritage
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Description of Criterion

In order to be labeled as a sustainability project cultural heritage 
conservation or tourist attraction must be taken into account because it 
helps a community preserve its history and environment yet protect 
economically valuable assets.

Indicator

Qualitative indicator with 5-step scale

Measurement of Indicator

Tourism  value and cultural heritage conservation are examined whether 
project is able to protect and increase tourism  value at the same time. The 
scale is not based on scientific results. It will therefore serve as an example for 
China.

A =  project extremely attractive to visitor while it can conserve all of  the 
 neighboring cultural heritage sites/project attract visitor but it conserve all 
 of  the neighboring cultural heritage sites
B =  project extremely attractive to visitor but it can conserve almost all of  the 
 neighboring cultural heritage sites/project does not attract any visitor 
 but it conserve all of  the neighboring cultural heritage sites
C =  no cultural heritage site is destroyed nevertheless it does not attract any 
 visitor
D =  project destroy few cultural heritage sites but it still attract visitor/ project 
 destroy few cultural heritage sites and it does not attract any visitor
E = project destroy all neighboring cultural heritage sites but it still attract 
 visitor or does not attract visitor

Utility Function

Qualitative 
scaleA

1
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0
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4.3 Verifying the Indicators 

The special feature of MATA-CDM is the ability in aggregating the results from 
qualitative indicators with different scales due to each indicator is computed into utility 
(U). The scale ranges between -1 and +1, where utmost satisfactory project would earn 
the maximum utility of +1 and a project with neither positive nor negative effects the 
medium utility of 0 (Heuberger et al. 2007). However, local air pollution, wages 
distribution, lack of energy access to relieve pressures on livelihood of the poor, 
biodiversity loss due to project construction or operational activities at significant 
location, and unsustained local development, these are example of critical criteria from 
seventeen criteria with respective indicators that can be determined as quantitative, semi-
quantitative and qualitative. The criteria of the social, environmental, and economic 
domain are targeted on contribution to sustainable development in China and each 
criterion is associated to a clearly defined indicator.  

4.4 Fulfill Sustainability Assessment with Missing Puzzle Pieces

Challenges to fulfill the objectives, the developed appraising tool need more than clearly 
defined criteria and the other five requirements to yield an actual sustainable 
performance, and it is true that one missing jigsaw could make a long-time building 
puzzle incomplete. As well as an extraordinary methodology, one missing detail could 
fail a whole system. Still one of the missing puzzle piece for the sustainable development 
ascertain methodology is revealing potential environmental protection efficiency, CO2 
reduction performance, through benchmarking within its project type. By disclose a 
point of reference against the others, specifically for financial implications, and 
opportunities of project activities in economic criteria domain, benchmarking let 
stakeholders make decision easier than before. Introducing the missing puzzle piece in 
10 indicators, the participants can draw a conclusion on how good the project is. Thus, 
benchmarking is a trigger for performance measurement since it is not a measurement 
itself but a process for establishing degrees of competitiveness and inducing actions for 
closing any identified gaps (Zairi, 1998). 

4.5 Summary

Most of the criteria are distilled from the study of renewable energy subject, sustainable 
development related courses and reviewing several authors. To follow the requirements, 
description of criteria and measurement indicators are defined with clarity explanation. 
As sustainability ascertainment for CDM is related to a transformation of living 
standards for millions of people, a real sustainable development contribution  from 
CDM renewable energy project is needed. To obtain an actual contribution, triple 
bottom line have been broken down into 17 sub-goals elaborated and modified with 
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several authors’ criteria. Nevertheless, after examining the existing methodologies, there 
is not any existing fixed set of assessment criteria as explained in the previous chapter. 
The summary proposal of 17 sustainability criteria with respective indicator in a clear 
and straightforward manner are introduced in summary in Figure 4.2.
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Figure 4.2:Overview of sustainable development criteria and respective indicators for CDM renewable energy project in China. 
Modified from Sutter (2003: 81).
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With the missing puzzle, it will bring the tool to completion by benchmarking both 
financial performance and operational performance in order to let stakeholders make 
decision more effectively. Through 17 well-defined criteria and indicators together with 
the missing puzzle piece, this can make the sustainable development appraising 
methodology better than before. Yet to fulfill thesis objectives the criteria and indicators 
need more than clear definitions and other four requirements. However, it cannot  be 
guaranteed that the tool will be able to incorporate theory with the real world. 
Therefore, the empirical part can proof by engaging academic dialogue to the actual 
situation as explained in the next chapter.
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Part III: Practice
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5 Implementing Sustainability Measurement Tool

5.1 Case Study for Impact on Sustainable Development from CDM Project in China

In assessing sustainability performance, a comprehensive set of criteria and indicators 
are employed including a case study for five selected registered CDM renewable projects. 
Since the type of projects are divided into 64.2% hydro power, 32.6% wind power, 2.8% 
biomass energy, and 0.4% solar power project type as of March 2010, two cases of 
hydro and wind power including one case from biomass energy were selected as the case 
studies (Figure 5.1). In each case, analysis is conducted by impact assessment based on 
17 criteria and indicators with the developed methodology.

No. Project Type Project Sub-type ID/Reference no. Installed Capacity

1 Hydro Power Run of  river CDM1068/1102 25 MW

2 Hydro Power New dam CDM1765/1749 135 MW

3 Wind Power Inland CDM0696/689 49.3 MW

4 Wind Power Sea-shored CDM0908/833 100.5 MW

5 Biomass Energy Agricultural residues: other 
kinds

CDM1001/778 24 MW

Figure 5.1: Overview of selected CDM renewable project.

5.2 Sustainability Development Impact Assessment

5.2.1 Case Study no.1 

5.2.1.1 Project Profile

Project name Yunnan Heier 25MW Hydropower Project

Project type/sub-type Hydro power/Run of  river

Project scale Medium

Project owner Shizong Heier Hydro Power Development Co. Ltd.

Location - Region/state/province Yunnan Province

Location - City/town/community Shizong County of  Qujing City

Installed capacity (MW) 25

Investment (USD) 15.11 x 106

Period of  construction (Year) 1

Expected annual emission reduction (tCO2e) 96.05 x 103

Electricity generation cost (US$/kW) 604.50

CO2 reduction cost (US$/tCO2e) 157.35

Environmental Impact Assessment report availability Yes
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5.2.1.2 Impact Assessment

Indicator 1: CO2 Reduction Cost

Investment cost/tCO2e of  examined project is equal to 157.35 USD.

The lowest investment cost/tCO2e within hydro power/run of  river is equal to 41.10 USD.

The highest investment cost/tCO2e within hydro power/run of  river is equal to 1,424.71 USD.

From calculation, utility for CO2 reduction cost is 0.83.

Indicator 2: CO2 Reduction Performance

Annual tCO2e/kW of  examined project is equal to 3.84.

The lowest tCO2e/kW within hydro power/run of  river is equal to 1.97.

The highest tCO2e/kW within hydro power/run of  river is equal to 5.80.

From calculation, utility for CO2 reduction performance is equal to 0.49.

Indicator 3: Water Withdrawal

Even utility function of criterion 3 in the previous chapter identified that hydro power plant 
consume water for 36 kg per kWh, there will not be significant effects from this project since 
this project does not have any storage and adjustment function, while a sort of effects on 
downstream will be presented by the gate construction (PDD of CDM no. 1068). Therefore, 
water withdrawal utility is equal to 0.

Indicator 4: Biodiversity

The construction and operational activities of the project would not bring any significant 
impacts to fish in Heier and surrounding valleys regarding to EIA report from the project 
design document of CDM no. 1068. In addition, there is no transmigration due to the 
proposed project and it is not affected to environment. Hence biodiversity utility is equal to 0.

Indicator 5: Habitat

Habitat is impacted by land occupation but not significantly impacts since 67% of the total 
land occupation areas is dry land and the rest are almost barren mountains.  Thus utility of 
habitats protected or restored is equal to 0.

Indicator 6: Electricity generation cost

Investment cost/kW of  examined project is equal to 604.50 USD.

The lowest investment cost/kW within hydro power/run of  river is equal to 207.74 USD.

The highest investment cost/kW within hydro power/run of  river is equal to 5,787.29 USD.

From calculation, utility for CO2 reduction cost is 0.86.

 49



Indicator 7: Electricity generation efficiency

Regarding to Inhaber (2004), most of the hydro electricity power has an efficiency of more 
than 90%, therefore, the electricity generation efficiency utility is 0.9.

Indicator 8: Capital Budgeting

Based on the data in PDD of CDM no. 1068, by implementing CDM, the internal return rate 
(IRR) was improved from 7.93% to 14.45% with CERs sales revenues. Thus, capital budgeting 
utility is 0.45. 

Indicator 9: Employment Generation

According to Liping et al. (2009) on-site survey, the number of employment generated equal to 
24 employees. Regarding to Singh and Fehrs (2001) and coal-fired power plant table in the 
appendix, total job created by coal-fired power plant can be estimated by multiply 0.18 to the 
installed capacity. Thus, net annual additional employment created by the project equal to   24 - 
(0.18 x 25) = 19.5 and therefore, utility of  employment generation is equal to 19.5/96.05 = 0.2.

Indicator 10: Technology Transfer

The project involves no technology transfer from abroad and all of the equipments used in the 
project came from domestic vendors (PDD of CDM no. 1068). The actual utility value for this 
item is 0.

Indicator 11: Stakeholders Engagement

Regarding the information in project design document of CDM no. 1068, even there is no 
evidence on number of surveyed people, the project owner showed good intention in 
stakeholders engagement, therefore, the utility value of  this indicator is 0.5.

Indicator 12: Facilities Development

Unsurprisingly, project construction brings benefits to residents who live nearby the project 
location. The facility benefit to local people are new roads which were built to speed up the 
construction. To sum up, the utility value of  this indicator is 0.5.

Indicator 13: Wages Distribution

The investment for the run-of-river project took place in Yunnan province which rural monthly 
wage is equal to 141.43 RMB. The highest rural monthly wage is 704.08 RMB while the lowest 
rural monthly wage is 115.83 RMB. According to the evaluation criteria, the utility value of this 
indicator is 1.

Indicator 14: Energy Access

Besides hydro electricity power project has helped in meeting the electricity demand for the 
local industries, it plays an important role in energy provision to the poor as well.
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Installed capacity of  examined project is equal to 25 MW.

The minimum installed capacity among the same project type is equal to 2 MW.

The maximum installed capacity among the same project type is equal to 210 MW.

From calculation, utility for energy access is equal to 0.11.

Indicator 15: Employment Capacity Building

The project owner will train the relevant personnel 3 months before the project operation 
(PDD of CDM no. 1068). Moreover, project owner will organize professional training 
periodically to improve the professional skill of the operators after the project operation (PDD 
of  CDM no. 1068). To sum up, the utility value is 1.

Indicator 16: Visual Impact & Noise Pollution

During construction period, the noise of exploitation, exploding, engineering transport and 
operation of equipment would be very high. However, this is run of river hydro power project 
and it is far from County centre, thus, the utility value of  this indicator is -0.5.

Indicator 17: Tourism & Cultural Heritage

The project is a run-of-river hydropower plant which nearly no storage capacity (PDD of 
CDM no. 1068). The project generated electricity whereby the natural flow and elevation drop 
of a river are used. Thus, not any cultural heritage site is destroyed or inundated. Furthermore, 
this run-of-river hydropower project is not attractive to any tourism. Based on comprehensive 
considerations, the utility value is equal to 0.

5.2.2 Case Study no.2 

5.2.2.1 Project Profile

Project name Hunan Xiaoxi Hydropower Project

Project type/sub-type Hydro power/New dam

Project scale Large

Project owner Hunan Xinshao Xiaoxi Hydropower Development Co. 
Ltd.

Location - Region/state/province Hunan Province

Location - City/town/community Xiaoxi Village, Pingshang Town, Xinshao County, 
Shaoyang City

Installed capacity (MW) 135

Investment (USD) 146.16 x 106

Period of  construction (Year) 4

Expected annual emission reduction (tCO2e) 457.06 x 103

Electricity generation cost (US$/kW) 1,082.71

CO2 reduction cost (US$/tCO2e) 319.79

Environmental Impact Assessment report availability Yes
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5.2.2.2 Impact Assessment
Indicator 1: CO2 Reduction Cost

Investment cost/tCO2e of  examined project is equal to 319.79 USD.

The lowest investment cost/tCO2e within hydro power/new dam is equal to 32.02 USD.

The highest investment cost/tCO2e within hydro power/new dam is equal to 638.11 USD.

From calculation, utility for CO2 reduction cost is -0.05.

Indicator 2: CO2 Reduction Performance

Annual tCO2e/kW of  examined project is equal to 3.39.

The lowest tCO2e/kW within hydro power/new dam is equal to 1.76.

The highest tCO2e/kW within hydro power/new dam is equal to 5.35.

From calculation, utility for CO2 reduction performance is equal to 0.45.

Indicator 3: Water Withdrawal

Hydropower consume water around 36 kg per kWh of electricity generation. Therefore, water 
withdrawal utility is equal to -0.5.

Indicator 4: Biodiversity

During construction, terrestrial wildlife in the areas affected by the project is ordinary small 
reptiles, small mammals and birds, whose survival will not be affected by the project 
construction and after completion of the construction, project owner released 250 million of 
fish into the affected river between April and June each year for the purpose of promoting the 
development of fishery in the area affected by the project (PDD of CDM no.1765). Based on 
comprehensive consideration to the baseline, biodiversity utility is equal to 1.

Indicator 5: Habitat

Land occupation and resettlement was undertaken under the building of the hydropower 
project. After the completion of the construction, 2.1 km2 of land was inundated entailing 
resettlement of  7,593 people (PDD of  CDM no. 1765). Thus the utility for this item is -0.5.

Indicator 6: Electricity generation cost

Investment cost/kW of  examined project is equal to 1,082.71 USD.

The lowest investment cost/kW within hydro power/new dam is equal to 84.69 USD.

The highest investment cost/kW within hydro power/new dam is equal to 2,108.41 USD.

From calculation, utility for CO2 reduction cost is 0.01

Indicator 7: Electricity Generation Efficiency

Regarding to Inhaber (2004), most of the hydro electricity power has an efficiency of more 
than 90%, therefore, the electricity generation efficiency utility is 0.9.

 52



Indicator 8: Capital Budgeting

Based on the data in PDD of CDM no. 1765, by implementing CDM, the internal return rate 
(IRR) was improved from 5.56% to 9.06% with CERs sales revenues. The calculated utility 
value of  this item is -0.09.

Indicator 9: Employment Generation

After project completion, 40 person are required to operate the dam (Liping et al. 2009). 
Regarding to Singh and Fehrs (2001) and coal-fired power plant table in the appendix, total job 
created by coal-fired power plant can be estimated by multiply 0.18 to the installed capacity. 
Thus, the number of additional employment is equal to 15.7. Therefore, utility of employment 
generation is equal to 0.03.

Indicator 10: Technology Transfer

The Project involves no technology transfer. The implementation of the project will have posi-
tive impact on technology progress of hydropower engineering in China (PDD). There is no 
technology transfer as identified in PDD, the actual utility value for this item is 0.

Indicator 11: Stakeholders Engagement

According to section E, stakeholders’ comments, project owner carried out the preliminary 
round of survey focus on the migrants of the project with totally 250 questionnaires 
distributed and as on October 20th, 2006, another 316 and 212 questionnaires were collected as 
the first and the second round (PDD of CDM no. 1765). In sum, totally 778 stakeholders 
participated in survey. The calculated utility value of  this item is 0.7.

Indicator 12: Facilities Development

Project construction cause resettlement of 122 people. However, there are many improve-
ments of the living environment condition that designated migrants received. New roads, 
transportation, and travel condition were greatly improved. Moreover, new water pipelines 
which built for the construction staff were benefited and alleviated the scarcity of drinking 
water for people in Xiaoxi village (Liping et al. 2009). Hence, utility value is equal to 1.

Indicator 13: Wages Distribution

The project located in Hunan province which rural monthly wage is equal to 245.46 RMB. The 
highest rural monthly wage is 704.08 RMB while the lowest rural monthly wage is 115.83 RMB. 
According to the evaluation criteria, the utility value of  this indicator is 1. 

Indicator 14: Energy Access

Installed capacity of  examined project is equal to 135 MW.

The minimum installed capacity among the same project type is equal to 3.75 MW.
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The maximum installed capacity among the same project type is equal to 309 MW.

From calculation, utility for energy access is equal to 0.43.

Indicator 15: Employment Capacity Building

To operate the project, it required experienced and skilled technicians to work and they have 
been entered the training program which encouraged for the future development of both 
trained technicians and project. Therefore, the utility value for this indicator is 0.5 since there is 
opportunity for employment practices but not considerably more opportunities and more offer 
training program neither management nor technical practices for career development.

Indicator 16: Visual Impact & Noise Pollution

Noise was generated by the excavation and transportation during the construction of the 
project. There was measures to reduce the impacts of noises including constructing isolation 
booth, outfitting the construction machines with vibration dampening and sound insulation 
equipment, providing construction staff with protection devices and avoiding generating 
sudden noises during rest time (PDD of  CDM no. 1765), thus the utility value is equal to 0.

Indicator 17: Tourism & Cultural Heritage

Houses around 252,092 m2 was inundated by the project construction (PDD of CDM no. 
1765) including few of cultural heritage sites were destroyed. Moreover, the project did not 
intend to be a tourist spot or even attractive to local residents. Hence, based on comprehensive 
considerations, the utility value of  tourism and cultural heritage indicator is equal to -0.5.

5.2.3 Case Study no.3  

5.2.3.1 Project Profile

Project name Inner Mongolia Chifeng Dongshan 49.3 MW Wind 
Power Project

Project type/sub-type Inland wind power

Project scale Medium

Project owner Datang Chifeng Saihanba Wind Power Co. Ltd.

Location - Region/state/province Inner Mongolia Autonomous Region

Location - City/town/community Danianzi town, Songshan district, Chifeng City

Installed capacity (MW) 49.3

Investment (USD) 67.67 x 106

Period of  construction (Year) 1

Expected annual emission reduction (tCO2e) 125.55 x 103

Electricity generation cost (US$/kW) 1,372.57

CO2 reduction cost (US$/tCO2e) 538.94

Environmental Impact Assessment report availability Yes

 54

Source: Project Design Document for CDM no. 0696 and CDM Pipeline spreadsheet.xls, Available at: http://cdmpipeline.org/cdm-projects-region.htm 



5.2.3.2 Impact Assessment
Indicator 1: CO2 Reduction Cost

Investment cost/tCO2e of  examined project is equal to 538.94 USD.

The lowest investment cost/tCO2e within wind power projects is equal to 369.25 USD.

The highest investment cost/tCO2e within wind power projects is equal to 1,964.11 USD.

From calculation, utility for CO2 reduction cost is 0.79.

Indicator 2: CO2 Reduction Performance

Annual tCO2e/kW of  examined project is equal to 2.55.

The lowest tCO2e/kW within wind power projects is equal to 1.25.

The highest tCO2e/kW within wind power projects is equal to 3.12.

From calculation, utility for CO2 reduction performance is equal to 0.69.

Indicator 3: Water Withdrawal

According to utility function of criterion 3 in the previous chapter, wind power consume water 
only 1 kg per kWh of  electricity generation. Therefore, water withdrawal utility is equal to 1.

Indicator 4: Biodiversity

Since the wind farm operation system is relatively independent and assembly automated, the 
total amount of waste water and sewage is small and before discharged into filter well, waste 
water and sewage will be processed by sediment pond and septic tank, which shows no impact 
on the surrounding environment (PDD of CDM no. 0696). Yet, there is no biodiversity loss 
compare to the baseline, hence biodiversity utility is equal to 0.5.

Indicator 5: Habitat

This proposed project is located in a flat wasteland without vegetation, constructions, and 
birds’ migratory routes or habitats (PDD of CDM no. 0696). Moreover, there is no evidence 
that project owner try improve habitat around the project’s location and there is not any change 
compare to the baseline. Thus utility of  habitats protected or restored is equal to 0.

Indicator 6: Electricity generation cost

Investment cost/kW of  examined project is equal to 1,372.57 USD.

The lowest investment cost/kW within wind power projects is equal to 905.34 USD.

The highest investment cost/kW within wind power projects is equal to 3,601.23 USD.

From calculation, utility for electricity generation cost is 0.66.
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Indicator 7: Electricity generation efficiency

According to utility function of criterion 7 in the previous chapter, wind power has the average 
efficiency of  approximately 39% and utility of  electricity generation efficiency is equal to 0.39.

Indicator 8: Capital Budgeting

IRR with CDM revenue is 9.06% (PDD of  CDM no. 0696) Thus, utility is -0.09.

Indicator 9: Employment Generation

The project created 41 opportunities for employment (Liping et al. 2009). Regarding to Singh 
and Fehrs (2001) and coal-fired power plant table in the appendix, total job created by coal-
fired power plant can be estimated by multiply 0.18 to the installed capacity. Thus, net annual 
additional employment created by the project is equal to 32.13 employees. Therefore, utility of 
employment generation is equal to 0.26.

Indicator 10: Technology Transfer

The project adopts fifty eight V52-850kW turbines  (PDD of CDM no. 0696) and there is no 
technology transfer as identified in PDD, the actual utility value for this item is 0.

Indicator 11: Stakeholders Engagement

There is no residence within 10 km from the project location through investigation at pre-
feasibility stage, therefore, local stakeholder identified for this project is the local government 
(PDD of  CDM no. 0696). Thus, the utility value of  this indicator is 0.

Indicator 12: Facilities Development

As there is no residence within 10 km from the project location, the project does not signifi-
cantly contribute to facility development even roads were built in the initial phase of large-sized 
turbine shipments. To sum up, the utility value of  this indicator is 0.

Indicator 13: Wages Distribution

The investment for this inland wind power took place in Inner Mongolia which rural monthly 
wage is around 227.67 RMB. The highest rural monthly wage is 704.08 RMB while the lowest 
rural monthly wage is 115.83 RMB. According to the evaluation criteria, the utility value of this 
indicator is 1.

Indicator 14: Energy Access

Installed capacity of  examined project is 49.3 MW.

The minimum installed capacity among the same project type is equal to 9.35 MW.

The maximum installed capacity among the same project type is equal to 300 MW.

From calculation, utility for energy access is equal to 0.14.
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Indicator 15: Employment Capacity Building

The turbines are completely imported from VESTAS, Denmark and vendor provided training 
to field staff on turbine usage and maintenance, therefore, capacity building of Datang Chifeng 
Saihanba’s employees has improved (Liping et al. 2009). To sum up, the utility value is 0.5.

Indicator 16: Visual Impact & Noise Pollution

The noise generated from the project is primarily arising from the turbines. However, the 
location of turbines is far from residential area, this project will not bring negative impacts on 
surrounding environment (PDD of CDM no. 0696). Additionally, the design of the blades’ 
shape, color, quantity and size, together with the arrangement of air blowers and transmission 
lines, is considered to match the periphery natural landscape and local construction style (PDD 
of  CDM no. 0696). Thus, the utility value of  this indicator is 0.5.

Indicator 17: Tourism & Cultural Heritage

This proposed project is located in a flat wasteland without vegetation, constructions, and 
birds’ migratory routes or habitats (PDD of CDM no. 0696) hence there is not any cultural 
heritage site destroyed by the project. Furthermore, the design of the blades’ shape, color, 
quantity and size, together with the arrangement of air blowers and transmission lines, is 
considered to match the periphery natural landscape and local construction style and after 
construction completed, Chifeng Dongshan wind power farm is expected to become a local 
tourism site especially for its green energy and high-tech. (PDD of CDM no. 0696). Based on 
comprehensive considerations, the utility value is equal to 0.5.

5.2.4 Case Study no.4 

5.2.4.1 Project Profile

Project name Jiangsu Qidong Dongyuan Wind Power Project 

Project type/sub-type Sea-shored wind power

Project scale Large

Project owner Jiangsu Longyuan Wind Power Co. Ltd.

Location - Region/state/province Jiangsu Province

Location - City/town/community Rudong County

Installed capacity (MW) 100.5

Investment (USD) 133.68 x 106

Period of  construction (Year) 1

Expected annual emission reduction (tCO2e) 205.00 x 103

Electricity generation cost (US$/kW) 1,330.20

CO2 reduction cost (US$/tCO2e) 652.11

Environmental Impact Assessment report availability Yes
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5.2.4.2 Impact Assessment

Indicator 1: CO2 Reduction Cost

Investment cost/tCO2e of  examined project is equal to 652.11 USD.

The lowest investment cost/tCO2e within wind power projects is equal to 369.25 USD.

The highest investment cost/tCO2e within wind power projects is equal to 1,964.11 USD.

From calculation, utility for CO2 reduction cost is 0.65.

Indicator 2: CO2 Reduction Performance

Annual tCO2e/kW of  examined project is equal to 2.04.

The lowest tCO2e/kW within wind power projects is equal to 1.25.

The highest tCO2e/kW within wind power projects is equal to 3.12.

From calculation, utility for CO2 reduction performance is equal to 0.42.

Indicator 3: Water Withdrawal

According to utility function of criterion 3 in the previous chapter, wind power consume water 
only 1 kg per kWh of  electricity generation. Therefore, water withdrawal utility is equal to 1.

Indicator 4: Biodiversity

A serious potential concern for wind farms are their impact on migrating birds with minor 
effects in an environmentally acceptable manner (PDD of CDM no. 0908). Yet, there is no 
biodiversity loss compare to the baseline, hence biodiversity utility is equal to 0.5.

Indicator 5: Habitat

Project designed document of CDM no. 0908 shows that the project owner try to improve the 
surrounding area of permanent occupation of ground by plant vegetation after the temporary 
equipments were taken away. However, the activity which hold by project owner has less 
development on habitat improvement. Thus utility of  habitats is equal to 0.

Indicator 6: Electricity generation cost

Investment cost/kW of  examined project is equal to 1,330.20 USD.

The lowest investment cost/kW within wind power projects is equal to 905.34 USD.

The highest investment cost/kW within wind power projects is equal to 3,601.23 USD.

From calculation, utility for electricity generation cost is 0.68.

Indicator 7: Electricity generation efficiency

According to utility function of criterion 7 in the previous chapter, wind power has the average 
efficiency of  approximately 39% and utility of  electricity generation efficiency is equal to 0.39.
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Indicator 8: Capital Budgeting

IRR with CDM revenue is 8.71% (PDD of  CDM no. 0908) Thus, utility is -0.183.

Indicator 9: Employment Generation

The project created around 70 opportunities (Liping et al. 2009) and regarding to Singh and 
Fehrs (2001) and coal-fired power plant table in the appendix, total job created by coal-fired 
power plant could be 18 employees. Thus, the net annual additional employment created by the 
project is equal to 51.91 employees. Therefore, utility of employment generation is equal to 
0.25.

Indicator 10: Technology Transfer

Various technologies are adopted for the project (PDD of CDM no. 0908). However, all of the 
turbines made by GE Corporation, the project must depend on GE in case of conduct repair 
work and maintenance for the major parts. According to the above explanation, the utility value 
for this item is -0.5.

Indicator 11: Stakeholders Engagement

Jiangsu Longyuan Wind Power Co., Ltd carried out a survey for 33 local villagers and residents 
(PDD of  CDM no. 0908). From calculation, the utility value of  this indicator is equal to -0.72.

Indicator 12: Facilities Development

In accordance to relevant EIA of the project, PPD of CDM no. 0908 identified that there are 
impacts on socio-economy from the construction and operation of the project. To be specific, 
the wind farm is built beside the coastal shallow sea area, occupied a small amount of 
agricultural and fishing farms, thus, few social conflicts were incurred (Liping et al. 2009). To 
sum up, the utility value of  this indicator is -0.5

Indicator 13: Wages Distribution

The investment for this sea-shore wind power project took place in Jiangsu province which 
rural monthly wage is 395.22 RMB. The highest rural monthly wage is 704.08 RMB while the 
lowest rural monthly wage is 115.83 RMB. According to the evaluation criteria, the utility value 
of  this indicator is -0.03.

Indicator 14: Energy Access

Installed capacity of  examined project is 100.5 MW.

The minimum installed capacity among the same project type is equal to 9.35 MW.

The maximum installed capacity among the same project type is equal to 300 MW.

Regarding to the calculation as shown in energy access criteria, utility is equal to 0.31.
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Indicator 15: Employment Capacity Building

Project operation and site equipment maintenance have high requirements for the qualification 
of technicians. This is because Jiansu Longyuan Wind Power Co., Ltd selected wind turbine 
from GE Corporation. Nevertheless, in case of conduct repair work and maintenance for the 
major parts, on-the-job training (OJT) has the great impact on improvement in capability of 
working staffs. To sum up, the utility value is 0.5.

Indicator 16: Visual Impact & Noise Pollution

The noise pollution of the project mostly come from construction phase such as vehicles and 
machines on-site, but the noise level is lower than 55dB which meet the class I of China 
Environmental Noise Standard in Urban Area (GB3096-93 PDD of CDM no. 0908). Wind 
turbine operational noise from the rotating blades is minimal due to the attenuation of noise 
beyond a distance of 300 - 500 m from residence (PDD of CDM no. 0908). Even if there is 
low noise pollution, the project is located on sea-shore and it has visual impact to the people 
who live in the vicinity of  the project, hence, the utility value of  this indicator is -0.5.

Indicator 17: Tourism & Cultural Heritage

The project built wind turbines on the coastal shallow sea area where there not any wind 
turbine has been built before, however there is no cultural heritage destroyed. Unlike the 
previous case study no.3, this project is not designed to be a tourism site for its green energy 
and its fantastic appearance. Based on comprehensive considerations, the utility value is equal 
to 0.

5.2.5 Case Study no.5 

5.2.5.1 Project Profile

Project name Hebei Jinzhou 24MW Straw-fired Power Project

Project type/sub-type Biomass Energy/Agricultural residues: other kinds

Project scale Medium

Project owner Hebei Jiantou Biomass Power Co. Ltd.

Location - Region/state/province Hebei Province

Location - City/town/community Zhangcun, Dongsu Town, Jinzhou City

Installed capacity (MW) 24

Investment (USD) 34.09 x 106

Period of  construction (Year) 1

Expected annual emission reduction (tCO2e) 178.63 x 103

Electricity generation cost (US$/kW) 1,420.39

CO2 reduction cost (US$/tCO2e) 190.84

Environmental Impact Assessment report availability No

Source: Project Design Document for CDM no. 1001 and CDM Pipeline spreadsheet.xls, Available at: http://cdmpipeline.org/cdm-projects-region.htm 1
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5.2.5.2 Impact Assessment
Indicator 1: CO2 Reduction Cost

Investment cost/tCO2e of  examined project is equal to 190.84 USD.

The lowest investment cost/tCO2e within biomass energy is equal to 84.27 USD.

The highest investment cost/tCO2e within biomass energy is equal to 332.52 USD.

From calculation, utility for CO2 reduction cost is 0.14.

Indicator 2: CO2 Reduction Performance

Annual tCO2e/kW of  examined project is equal to 0.126.

The lowest tCO2e/kW within biomass energy is equal to 0.075.

The highest tCO2e/kW within biomass energy is equal to 0.238.

From calculation, utility for CO2 reduction performance is equal to 0.31.

Indicator 3: Water Withdrawal

There is no information about water consumption of biomass power plant available from 
Inhaber (2004). The assumption of similarity between coal-fired power plant and biomass-fired 
power plant schematic has to be implemented. Life cycle assessment of coal-fired power 
production of Spath, Mann, and Kerr (1999) shows comparison to a previously completed 
LCA of electricity production from a biomass power plant. According to utility function of 
criterion 3 in the previous chapter, biomass-fired power plant consume water for 10 kg per 
kWh. Therefore, water withdrawal utility is equal to 0.5.

Indicator 4: Biodiversity

The newly straw-fired project has environmental impact during the construction including 
construction noise, dust, solid waste, fuel transportation as well as polluted water. However, the 
daily wastewater from 200 workers is discharged to the city’s wastewater tube after disposal and 
have minimal influence on the nearby environment. Yet, there is no biodiversity loss compare 
to the baseline according to the same principle of construction between biomass-fired and 
coal-fired power plant. Hence biodiversity utility is equal to 0.5.

Indicator 5: Habitat

Regarding PDD of this project, there is evidence that project owner has none of the strategy 
or activity to improve habitat around the project’s location and there is not any change 
compared to the baseline. Thus utility of  habitats protected or restored is equal to 0.

Indicator 6: Electricity generation cost

Investment cost/kW of  examined project is equal to 1,420.39 USD.

The lowest investment cost/kW within biomass energy is equal to 1,064.91 USD.

 61



The highest investment cost/kW within biomass energy is equal to 1,546.30 USD.

From calculation, utility for electricity generation cost is -0.48.

Indicator 7: Electricity generation efficiency

According to utility function of criterion 7 in the previous chapter, biomass-fired power plant 
has the average efficiency equal to 14.5% and utility of electricity generation efficiency is equal 
to 0.15.

Indicator 8: Capital Budgeting

IRR with CDM revenue is 11.82% (PDD of  CDM no. 1001) Thus, cutility is 0.08.

Indicator 9: Employment Generation

After the power plant is in operation , there will be about 100 official workers in the plant and 
around 300 farmers will be employed one and a half months every half year in order to 
produce straw (Liping et al. 2009). Regarding to Singh and Fehrs (2001) and coal-fired power 
plant table in the appendix, total job created by coal-fired power plant can be estimated by 
multiply 0.18 to the installed capacity. Thus, the annual additional employment created by the 
project equal to 95.68 employee. Therefore, utility of  employment generation is equal to 0.54.

Indicator 10: Technology Transfer

The project adopts the straw boiler technology of Wuxi Huanguang Boiler Co. ltd and there is 
no technology transfer (PDD of CDM no. 1001) and there is no technology transfer as 
identified in PDD, the actual utility value for this item is 0.

Indicator 11: Stakeholders Engagement

In this project, project developer collected comments from 50 participants which were inter-
viewed at random.  Therefore, the utility value of  this indicator is -0.72.

Indicator 12: Facilities Development

After project established, it will generation about 132 GWh of power and supply 530,000 GJ of 
heat, which could satisfy the heating demand of a building with an area of 1 million m2 (PDD 
of CDM no. 1001). The steam generated by power plant can be used by the industrial park 
nearby. To sum up, the utility value of  this indicator is 0.5.

Indicator 13: Wages Distribution

The investment for the biomass-fired power plant took place in Hebei province which rural 
monthly wage is only 200.78 RMB. The highest rural monthly wage is 704.08 RMB while the 
lowest rural wage is 115.83 RMB per month. According to the evaluation criteria, the utility 
value of  this indicator is 1.
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Indicator 14: Energy Access

Installed capacity of  examined project is equal to 24 MW.

The minimum installed capacity among the same project type is equal to 15 MW.

The maximum installed capacity among the same project type is equal to 50 MW.

From calculation, utility for energy access is equal to 0.26.

Indicator 15: Employment Capacity Building

The technology and application of biomass-fired power plant is new in the field and the 
company has to train workers through various methods to improve their skill. Organizing 
workers to study from and interact with domestic relevant industries and those abroad has 
greatly improved the workers’ ability and knowledge (Liping et al. 2009). To sum up, the utility 
value is 0.5.

Indicator 16: Visual Impact & Noise Pollution

The newly straw-fired project has no visual impact compared to the baseline but it has 
environmental impact during the construction including construction noise. The main 
equipment noise sources during the construction come from hand air drills, trucks and 
concrete agitators and the noise value is between 75 - 95 db (A) (PDD of CDM no. 1001). 
However, the construction is arranged in daytime and the noise level is literary limited influence 
to the environment, thus, the utility value of  this indicator is 0.5.

Indicator 17: Tourism & Cultural Heritage

Biomass is a clean and renewable resource yet a biomass-fired power plant is not attracted to 
tourism. In addition, there is no single cultural heritage site destroy by land occupation for both 
power plant and cultivated land. Based on comprehensive considerations, the utility value is 
equal to 0.

5.2.6 Utility Summary

The utilities of five projects are  compared in Figure 5.2 and Figure 5.3. Surprisingly, 
case no. 2, hydro/new dam, has an outstanding performance in many positive areas, 
likewise negative utilities in many different indicators. While case no.1, hydro/run-of-
river, has only one negative utility. It is expected that the lower number of negative 
utility, the more sustainability contribution from the project. However, it can be seen 
from the Figure 5.1 that five projects contribute to a positive manner more than to a 
negative way in sustainable development. To move toward a more complete 
understanding, 30 questionnaires were sent to obtain personal preferences in order to 
find out a sustainable development performance of  each project.
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System 

Indicators
Indicator Case no. 1 Case no. 2 Case no. 3 Case no. 4 Case no. 5

Environmental CO2 reduction cost 0.83 -0.05 0.79 0.65 0.14Environmental

CO2 reduction performance 0.49 0.45 0.69 0.42 0.31

Environmental

Water withdrawal 0 -0.5 1 1 0.5

Environmental

Biodiversity 0 1 0.5 0.5 0.5

Environmental

Habitats 0 -0.5 0 0 0

Economic Electricity generation cost 0.86 0.01 0.66 0.68 -0.48Economic

Electricity generation efficiency 0.9 0.9 0.39 0.39 0.15

Economic

Capital budgeting 0.45 -0.09 -0.09 -0.18 0.08

Economic

Employment generation 0.2 0.03 0.26 0.25 0.54

Economic

Technology transfer 0 0 0 -0.5 0

Social Stakeholders engagement 0.5 0.7 0 -0.72 -0.72Social

Facilities development 0.5 1 0 -0.5 0.5

Social

Wages distribution 1 1 1 -0.03 1

Social

Energy access 0.11 0.43 0.14 0.31 0.26

Social

Employment capacity building -0.5 0.5 0.5 0.5 0.5

Social

Visual impact&Noise pollution 0 0 0.5 -0.5 0.5

Social

Tourism&Cultural heritage 0 -0.5 0.5 0 0

Figure 5.2: Summary of utility from five case study 

5.3 Engage with Stakeholders

The Analytical Hierarchy Process (AHP) questionnaire became a cumbersome exercise 
for the questionnaire participants regarding the trade-off benefits between some of the 
criterion A and criterion B (See Figure 5.3). However, the method of AHP is 
supplemented by an indirect method based on pair-wise comparisons as suggest by Saaty 
(1980) and the indirect weighting through AHP could lead to less biased weightings 
compared to direct weighting (Sutter, 2003). The AHP surveys for the thesis were 
conducted by sending an electronic mail with the help of questionnaire [See Appendix 
VI] and 23 out of 30 questionnaires were returned. In addition, the 23 recipients can 
divided by occupational field as 50% to Social Science & Education, 18% to 
Engineering, Science & Technology, 14% to Management & Business Ownership, 9% to 
Business & Administration, and 9% to Sales & Service. In assessing results from the 
returned questionnaires, a simple calculations is used to determine the overall weight 
that recipients is assigning to each objective. The results show that about 44% of the 
objective weight is on environmental protection domain, 29% on economic 
development, and 27% on social responsibility.
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Figure 5.3: Summary of utility from five case study
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5.4 Result Analysis

5.4.1 Result Analysis for Case Study no. 1

System 

Indicators

Weight (1) Indicator Weight (2) Utility (3) Weighted Utility 

(4) = (1)x(2)x(3)

Environmental 0.44 CO2 reduction cost 0.12 0.83 0.04Environmental 0.44

CO2 reduction performance 0.18 0.49 0.04

Environmental 0.44

Water withdrawal 0.20 0.00 0.00

Environmental 0.44

Biodiversity 0.26 0.00 0.00

Environmental 0.44

Habitats 0.25 0.00 0.00

SubtotalSubtotalSubtotal 1.32 0.08

Economic 0.29 Electricity generation cost 0.21 0.86 0.05Economic 0.29

Electricity generation efficiency 0.23 0.90 0.06

Economic 0.29

Capital budgeting 0.15 0.45 0.02

Economic 0.29

Employment generation 0.23 0.20 0.01

Economic 0.29

Technology transfer 0.19 0.00 0.00

SubtotalSubtotalSubtotal 2.41 0.14

Social 0.27 Stakeholders engagement 0.09 0.50 0.01Social 0.27

Facilities development 0.16 0.50 0.02

Social 0.27

Wages distribution 0.15 1.00 0.04

Social 0.27

Energy access 0.20 0.11 0.01

Social 0.27

Employment capacity building 0.12 -0.50 -0.02

Social 0.27

Visual impact&Noise pollution 0.14 0.00 0.00

Social 0.27

Tourism&Cultural heritage 0.14 0.00 0.00

SubtotalSubtotalSubtotal 1.61 0.07

Grand total 0.289

Figure 5.5: Outcomes of case study no.1 regarding Project Design Document for CDM no. 1068

Indirect weighting through Analytical Hierarchy Process (AHP) questionnaire has been 
usd to supplement the method of Direct Weighting in the developed methodology and 
the outcomes reveal results as shown in Figure 5.5. Among the three domains of system 
indicators, environmental protection got the highest weight followed by social 
responsibility and economic development respectively. This illustrate the awareness of a 
surveyed group that they have awareness in climate change relating to human activities 
by prioritized economic development to the last. In the first domain, environment, the 
surveyed group ranked biodiversity loss due to project construction and operational 
activities to the top priority and reduction cost to the bottom. Whilst electricity 
generation efficiency and employment generation got the highest score in economic 
development yet to have long run in promoting sustainable development, a transferred 
in skills and technologies must be taken all practicable steps but technology transfer got 
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the least attention in this domain. However, energy access in social responsibility domain 
got the top rate when it is about electricity generation project but the utility for energy 
access is considerably low compare to the other projects in hydropower run-off-river. 
Stakeholders engagement, unfortunately, surveyed results shows that it got the lowest 
score while the project itself  perform well with the indicator. 

In conclusion, the 25MW hydropower run-off-river project has contributed to 
sustainable development and most of the weighted utility came from economic domain. 
According to the figure above, not only economic progress but also environmental and 
social domain. Even the project encourages environmental protection, there are 
possibilities to improve the performance in this domain such as initiate habitat 
restoration program. As well as encourage sustainable development in social 
responsibility such as increasing opportunity or more offer training program either 
management or technical practices for career development.

5.4.2 Result Analysis for Case Study no. 2 

System 

Indicators

Weight (1) Indicator Weight (2) Utility (3) Weighted Utility 

(4) = (1)x(2)x(3)

Environmental 0.44 CO2 reduction cost 0.12 -0.05 0.00Environmental 0.44

CO2 reduction performance 0.18 0.45 0.04

Environmental 0.44

Water withdrawal 0.20 -0.5 -0.04

Environmental 0.44

Biodiversity 0.26 1 0.11

Environmental 0.44

Habitats 0.25 -0.5 -0.05

SubtotalSubtotalSubtotal 0.40 0.05

Economic 0.29 Electricity generation cost 0.21 0.01 0.00Economic 0.29

Electricity generation efficiency 0.23 0.9 0.06

Economic 0.29

Capital budgeting 0.15 -0.09 0.00

Economic 0.29

Employment generation 0.23 0.03 0.00

Economic 0.29

Technology transfer 0.19 0 0.00

SubtotalSubtotalSubtotal 0.85 0.06

Social 0.27 Stakeholders engagement 0.09 0.7 0.02Social 0.27

Facilities development 0.16 1 0.04

Social 0.27

Wages distribution 0.15 1 0.04

Social 0.27

Energy access 0.20 0.43 0.02

Social 0.27

Employment capacity building 0.12 0.5 0.02

Social 0.27

Visual impact&Noise pollution 0.14 0 0.00

Social 0.27

Tourism&Cultural heritage 0.14 -0.5 -0.02

SubtotalSubtotalSubtotal 3.13 0.12

Grand total 0.231

Figure 5.6: Outcomes of case study no.2 regarding Project Design Document for CDM no. 1765
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As can be seen from the Figure 5.6, most of the utilities in environmental domain of the 
135MW hydropower project such as CO2 reduction cost and water withdrawal obtain 
negative values and they reflect minus weightings thus yield lower sustainable 
development performance than the first case. In addition, only electricity generation 
efficiency in economic domain received utility over 0.1 and it means this indicator has an 
important role in weighted utility for economic progress. However, even the project 
does not significantly contribute to environmental and economic aspects but it primarily 
contributed to social aspect. In addition, the project has greatly promoted social 
responsibility through facilities development and wages distribution.

In sum, case no. 2 project has promoted sustainable development. Yet some indicators 
that obtain negative weighting can become better through new technology such as CO2 
reduction cost. Furthermore, even the development of 135MW new dam hydropower 
has the least contribution in environmental protection, the project owner can ameliorate 
utility score such as commence habitat protection or restoration program.

5.4.3 Result Analysis for Case Study no. 3

System 

Indicators

Weight (1) Indicator Weight (2) Utility (3) Weighted Utility 

(4) = (1)x(2)x(3)

Environmental 0.44 CO2 reduction cost 0.12 0.79 0.04Environmental 0.44

CO2 reduction performance 0.18 0.69 0.05

Environmental 0.44

Water withdrawal 0.20 1 0.09

Environmental 0.44

Biodiversity 0.26 0.5 0.06

Environmental 0.44

Habitats 0.25 0 0.00

SubtotalSubtotalSubtotal 0.24

Economic 0.29 Electricity generation cost 0.21 0.66 0.04Economic 0.29

Electricity generation efficiency 0.23 0.39 0.03

Economic 0.29

Capital budgeting 0.15 -0.09 0.00

Economic 0.29

Employment generation 0.23 0.26 0.02

Economic 0.29

Technology transfer 0.19 0 0.00

SubtotalSubtotalSubtotal 0.08

Social 0.27 Stakeholders engagement 0.09 0 0.00Social 0.27

Facilities development 0.16 0 0.00

Social 0.27

Wages distribution 0.15 1 0.04

Social 0.27

Energy access 0.20 0.14 0.01

Social 0.27

Employment capacity building 0.12 0.5 0.02

Social 0.27

Visual impact&Noise pollution 0.14 0.5 0.02

Social 0.27

Tourism&Cultural heritage 0.14 0.5 0.02

SubtotalSubtotalSubtotal 0.10

Grand total 0.419

Figure 5.7: Outcomes of case study no.3 regarding Project Design Document for CDM no. 0696 
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To start with, the project primarily contribute to environmental aspect more than twice 
of economic and social domains. Most of the utilities received positive utilities except 
capital budgeting. In addition, even capital budgeting received negative value, the 
surveyed group paid the least attention to this indicator thus it has no effect to the 
overall weighting. However, the project significantly promotes environmental protection 
and social responsibility closely follow with 0.24 and 0.10 respectively while economic 
progress has the least contribution. 

As a conclusion, the inland wind power project has greatly facilitated in sustainable 
development since total weighted utility is equal to 0.42. Yet case no. 3 can improve its 
sustainability performance by commence habitat protection or restoration program. 
Furthermore, the project owner can obtain more performance by giving more 
opportunities and more offer training program either management or technical practices 
for career development to employees.

5.4.4 Result Analysis for Case Study no. 4

System 

Indicators

Weight (1) Indicator Weight (2) Utility (3) Weighted Utility 

(4) = (1)x(2)x(3)

Environmental 0.44 CO2 reduction cost 0.12 0.65 0.03Environmental 0.44

CO2 reduction performance 0.18 0.42 0.03

Environmental 0.44

Water withdrawal 0.20 1 0.09

Environmental 0.44

Biodiversity 0.26 0.5 0.06

Environmental 0.44

Habitats 0.25 0 0.00

SubtotalSubtotalSubtotal 0.21

Economic 0.29 Electricity generation cost 0.21 0.68 0.04Economic 0.29

Electricity generation efficiency 0.23 0.39 0.03

Economic 0.29

Capital budgeting 0.15 -0.18 -0.01

Economic 0.29

Employment generation 0.23 0.25 0.02

Economic 0.29

Technology transfer 0.19 -0.5 -0.03

SubtotalSubtotalSubtotal 0.05

Social 0.27 Stakeholders engagement 0.09 -0.72 -0.02Social 0.27

Facilities development 0.16 -0.5 -0.02

Social 0.27

Wages distribution 0.15 -0.03 0.00

Social 0.27

Energy access 0.20 0.31 0.02

Social 0.27

Employment capacity building 0.12 0.5 0.02

Social 0.27

Visual impact&Noise pollution 0.14 -0.5 -0.02

Social 0.27

Tourism&Cultural heritage 0.14 0 0.00

SubtotalSubtotalSubtotal -0.03

Grand total 0.230

Figure 5.8: Outcomes of case study no.4 regarding Project Design Document for CDM no. 0908 
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From the above evaluation, it shows that the project benefit mostly from environmental 
domain, while the project has little influence over economic development. As the project 
contribute positively to environmental protection and economic development, its poor 
social responsibility lower overall weighted utility regarding the negative weighting in 
social domain. This is because of the project owner carried out not enough survey 
together with incursion of social conflicts and visual impact to the people who live in 
the vicinity of  the project.  

In sum, the sea-shore 100.5 MW wind power project has not effectively contributed to 
sustainable development as same as the 49.3 MW wind power project. Nevertheless, 
sustainable development performance of the project can be improved by, for example, 
more survey on the local villagers and residents who live nearby to prevent social 
conflict, or request the supplier transfer knowledge about repair work and maintenance 
for the major parts.

5.4.5 Result Analysis for Case Study no. 5

System 

Indicators

Weight (1) Indicator Weight (2) Utility (3) Weighted Utility 

(4) = (1)x(2)x(3)

Environmental 0.44 CO2 reduction cost 0.12 0.14 0.01Environmental 0.44

CO2 reduction performance 0.18 0.31 0.02

Environmental 0.44

Water withdrawal 0.20 0.5 0.04

Environmental 0.44

Biodiversity 0.26 0.5 0.06

Environmental 0.44

Habitats 0.25 0 0.00

SubtotalSubtotalSubtotal 0.13

Economic 0.29 Electricity generation cost 0.21 -0.48 -0.03Economic 0.29

Electricity generation efficiency 0.23 0.15 0.01

Economic 0.29

Capital budgeting 0.15 0.08 0.00

Economic 0.29

Employment generation 0.23 0.54 0.04

Economic 0.29

Technology transfer 0.19 0 0.00

SubtotalSubtotalSubtotal 0.02

Social 0.27 Stakeholders engagement 0.09 -0.72 -0.02Social 0.27

Facilities development 0.16 0.5 0.02

Social 0.27

Wages distribution 0.15 1 0.04

Social 0.27

Energy access 0.20 0.26 0.01

Social 0.27

Employment capacity building 0.12 0.5 0.02

Social 0.27

Visual impact&Noise pollution 0.14 0.5 0.02

Social 0.27

Tourism&Cultural heritage 0.14 0 0.00

SubtotalSubtotalSubtotal 0.10

Grand total 0.247

Figure 5.9: Outcomes of case study no.5 regarding Project Design Document for CDM no. 1001
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It can be seen from the Figure 5.9 that the project has contributed to social 
responsibility as well as environmental protection. In general, the straw-fired power plant 
has turned waste biomass into electricity, heat, and steam hence it is expected to have 
high sustainable development performance. Yet, sustainability performance is lowered by 
the poor stakeholders engagement weighting even the project has promoted sustainable 
development by generated steam together with supplied 530,000 GJ of heat to the 
industrial park nearby. As same as in economic progress aspect, even employment 
generation receive a fair weighting, there is a sole drawback, electricity generation cost, 
that deteriorate the performance in the economic domain.  

In conclusion, even case study number 5 is the one and only project that has no EIA 
report available among 5 case studies. The medium-scale 24 MW straw-fired power 
project in general has actively promoted sustainable development in Dongsu town.  
Additionally, there are number of criteria that can be enhance the sustainability 
performance of the project, for instant, project owner can invest and initiate habitat 
protection or restoration program or giving more opportunities and more training 
program either management or technical practices to increase career opportunities for 
employees.

5.5 Summary

The practical part for sustainability performance measurement is critically important to 
the thesis work as it links project’s performance to the sustainable development 
principles explained in the early chapters. Yet different appraising results show that the 
developed tool can actually work. Furthermore, from the evaluation, case study results 
show that five of CDM  renewable projects which were being hosted in China have been 
effective in achieving the dual aim. To be more clear, on the one hand, they 
accomplished generating cost-effective emission reductions, on the other, they allow 
projects to contribute to sustainable development in China. 

Ranking Project 
Type

Project Name/No. of  case study Sustainability 
Performance

1 Wind Inner Mongolia Chifeng Dongshan 49.3 MW Wind Power 
Project/No.3

0.419

2 Hydro Yunnan Heier 25 MW Hydropower Project/No.1 0.289

3 Biomass Hebei Jinzhou 24 MW Straw-fired Power Project/ No.5 0.247

4 Hydro Hunan Xiaoxi Hydropower Project/ No.2 0.231

5 Wind Jiansu Rudong Huangang Donling Wind Power Project/ No.4 0.230

Figure 5.10: Ranking for sustainability performance of the five case studies 
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Regarding Figure 5.10, the different projects give different levels of sustainability 
performance and the first ranked effectiveness in promoting sustainable development 
project is Inner Mongolia Wind Power project and the second ranked is Yunnan Heier 
Hydropower project. However, the set of criteria and indicators for China’s CDM 
renewable energy projects are critical to the evaluation process. As the previous chapter 
shows, there is a necessity of clarity explanation of indicator definition in order to 
obtain precise results. In addition, the theoretical part alone cannot give a conclusion 
without the practical part. By making a case study for sustainability assessment, it can 
truly reflect ability of the appraising tool. Nevertheless, to examine performance of the 
case study, it requires questionnaire in order to receive people’s preferences or so called 
weightings. Although the questionnaires had not been distributed to actual stakeholders, 
the weightings had been collected from the 23 returned questionnaires. 

As the concept of renewable energy is a type of clean energy that reducing dependence 
on fossil fuels and turning free energy or waste into energy such as solar, tidal, wind, or 
biomass etc. by easing an environmental impact from decreasing air pollution when 
compare to BAU point of view, every CDM renewable energy types are contributing to 
sustainable development especially in the environment domain. And after examining 
sustainability performance of the five case studies, the highest and the lowest sustain-
ability impacts of renewable energy project type are revealed. The average weighted 
utility of the highest sustainability performance among the case studies is wind power 
followed by hydropower and the lowest performance, biomass energy, with 0.325, 0.260, 
and 0.247 respectively. As a result, based on the evaluation of all of the CDM renewable 
energy projects, they are positively promoted environmental protection, social 
responsibility, and economic development at the same time.
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Part IV: Synthesis
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6 Discussion

6.1 Assessment Results

Regarding the definitions for small-scale CDM project activities referred to in paragraph 
6 (c) of decision 17/CP.7., small-scale CDM renewable energy project are activities with 
a maximum output capacity equivalent of up to 15 megawatts hence all of the case 
studies are medium or large-scale projects. Five case studies were selected from 398 
hydro power projects, 202 wind power projects, 17 biomass energy projects, and 3 solar 
cooking projects as of March 2010. Case studies were chosen in regard to the 
proportional registered CDM  renewable energy projects. In addition, the reason why 
solar cooking projects are not preferred is because they are too small in volume. 
However, with three domains of aggregated preferences, economic progress, 
environmental protection, and social development, together with seventeen preferences, 
made the final picture more legible. With clear criteria and indicators, they allow robust 
appraising result when they equipped with the core formula. However, with weighting 
derivation from questionnaire process formulated into the core equation, Figure 5.10 in 
chapter 5 shows that two of wind power case studies obtain the highest and the lowest 
sustainability performance, therefore the most obvious choice for China is not an 
individual type of project but a mixture. In addition, it is important that the appraising 
results must be achieved before or at the validation stage and cautiously analyzed by 
DOE and EB to optimize the benefits from the proposed methodology.

6.2 The Analysis of the Developed Appraising Tool

Based on the findings from the five case studies results, utility value of each indicator is 
transfered from utility function, and the good utility function need to be derived in 
regard to quantitative indicators. However, the utility functions that is shown in the 
thesis did not derive from calibrating standards, thus the estimation of utility functions 
can be a hidden trap when implementing the developed methodology. Yet the pitfall of 
the estimations normative element are weakened by a transparently adjustable scale of 
indicator and the adjustable scale can be obtained through surveys among decision 
makers. Furthermore, the clearly defined scales of utility value in each indicator and 
system boundary that cover major impacts of project operational activity help the 
appraising tool encompass with sustainable development impacts assessment even they 
accompany with quantitative indicators. With the proposed methodology, China can 
select the alternative projects that promote sustainable development in the country easier 
than before. Though many people think that measuring sustainability performance from 
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the CDM is difficult, the developed tool in the thesis shows that through a combination 
of a well-articulated broad set of objectives and use of SWOT results based upon 
equilibrium among economic development, social responsibility and environmental 
protection, China is possible to obtain a sustainability performance from the CDM 
renewable energy projects. With the assessment methodology being scrutinized by 
implementation through five case studies, features of the tool such as transparent and 
adjustable set of criteria and indicators can enhance China receiving a comprehensive 
approach in measuring sustainability performance within the country. Additionally, all 
comprehensive range of features are based on the core goal - incorporates stakeholders’ 
preferences to the criteria and indicators in a transparent way.

Even the sustainability performance assessment methodology affected by preferences of 
the selected participants, which assume to be a representative sample of a larger group, 
in fact, the group of decision makers and stakeholders must be well-balanced in order to 
prevent biased weighting since the developed tool is sensitive to stakeholders preferences 
and without appropriate analysis methodology, China may not reap proper benefits 
associated with the CDM sustainable development contribution. On the other hand, to 
implement the appraisal tool, China related parties need to better understand the 
implications of their own sustainable development strategies and the actions that they 
can take to improve sustainability performance. This requires a careful analysis and a 
clear understanding of the broad set of the key criteria and indicators. It also requires 
related parties making sustainability a central strategy in addressing environmental, 
economic, and social concerns together. However, as there are different types of 
renewable energy projects among the CDM pipeline, the assessment methodology has 
proved that it is possible to provide a result that can differentiate project sustainability 
performance among the different project types. Consequently, by further develop from 
MATA-CDM, the outstanding refinement developed tool overcomes many limits such 
as to distinguish sustainability performance results of the CDM projects and determine 
indicators in a valid way. Moreover, it is possible to identify type and sub-type of a 
renewable energy project that China should invest the most. 

Despite a recommendation in investment, there are several benefits that China will gain 
from the appraising methodology for example, first of all, China is able to acquire more 
advantage by implementing the sustainability performance measurement tool in order to 
ensure the CDM projects that being hosted by China are qualifying their affirmation to 
the sustainable development contribution. Second, adoption of the developed tool can 
boost sustainable development awareness in different business sectors throughout China 
as they are going to be more prepared for better managerial decisions in a long-run. 
Third, the absence of technology transfer in a number of projects can be recovered 
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since the developed methodology can truly examine the projects technology transfer 
performance by initiating a protocol between developed and host country Parties. 
However, even the practical part shows the proposed methodology is applicable with 
every type of the CDM renewable energy projects and yet there is an opportunity to 
promote sustainable development assessment strategy in China throughout the world, 
but there is no more effective sustainability performance measuring system than every 
members’ intention to do a serious contribution to sustainable development because the 
proposed tool ensures only the contribution of sustainable development under 
provision of  decision makers.  

Finally, the developed appraising tool with questionnaire survey are not only able to 
ensure sustainability contribution which suit a specific condition in a specific location, 
but also avoiding interviewer bias since surveys are conducted by electronic mail. In 
addition, interviewer cannot show preferences on a particular criterion. Nevertheless, to 
maximize performance of the proposed tool, it is significant to provide sufficient 
indicators information to the questionnaire participants in order to understand the issue 
under weightings because of the methodology. Consequently, creating the ultimate 
sustainability performance appraising tool requires one thing above all: time. And so it is 
reassuring that the history of a foundation of the assessment methodology goes back 
more than 7 years. MAUT’s based-methodology, the MATA-CDM, was presented to the 
world in South Africa and India. For the time, a reliable tool was implemented in limited 
countries. Even only around 5 countries adopted the proposed methodology is today 
one of the sought-after of all MAUT-based methodology. And yet combinations of 
requirements offer the height of exclusivity and be able to ensure results for each and 
every examined CDM renewable energy projects.

6.3 Stakeholders Preferences 

A questionnaire has been sent to 30 well-selected people, only 23 people replied. 
Literally, the questionnaire was aimed to be distributed to a variety of age, occupation, 
and educational background. The list of participants was carefully chosen and half of 
them should have knowledge in renewable energy. Nevertheless, their occupation can be 
sorted in five sectors which are 17% of business & administration, 43% of education 
academy, 17% of engineering & scientist, 13% of management & business ownership, 
and 9% of sales & service. Moreover, the average age of 23 participants is 32 and their 
education background are 17% of Doctorate degree, 48% of Master degree, and 35% of 
Bachelor degree. However, the reason of using a questionnaire is because sustainability 
issues is related to human well-being and it often entails people’s preferences thus it is 
chosen as a  procedure to obtain preferences. 
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The result reflects that the participants considering that CDM renewable energy projects 
should contribute to sustainable development in proportion of 43% to environmental 
protection, 29% to economic progress, and 28% to social development. Though there is 
no right ratio between those domain to obtain successful sustainable development. All 
considerations of the person who takes part in a questionnaire are significant as his 
voice represent decision makers normative judgments. In addition, the preferences play 
an important role in seizing opportunities, for example, in this case if the project is 
poorly performed in environmental domain, the project is less likely to achieve high 
performance since more than one third of the preference belong to environmental 
domain. As a result, an outcome from the developed tool is sensitive to stakeholders 
preferences therefore the developed tool must be as transparent as possible to ensure 
that there are no arbitrary decisions interfering.
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7 Summary and Recommendations

7.1 Methodological Conclusions

A variety of methodologies, SSN, the Gold Standard, and MATA-CDM, have been 
screened by SWOTs to match the best suit methodology with five requirements. A 
SWOT analysis distinguished MATA-CDM methodology from the other multi-criteria 
approach methodologies, the first encounter with MATA-CDM has the instantly 
compelling character of the potential methodology in measuring sustainable 
development performance. In addition, SWOT analysis results reveals that no other 
methodology convey such a flexibility and people related preferences at the same time as 
MATA-CDM. However, after thoroughly analyzing the winning tool, it is not fully 
responding to the determination of sustainable development as there are limitations to 
obtain the precise result due to its criteria and indicators are not encompassed in every 
aspects of sustainable development in China. Nonetheless, with its fascinating character, 
weighting feature and dependence on the participation of developers and local 
government, accommodated with the proposed tool concepts, the simple appraising 
process, applicable to any size of projects, and CERs production cost possibly be lower 
than the Gold Standard label projects create an incomparable sustainability performance 
assessment tool. Still an assessment result’s uncertainty can be minimized by 
transparency of  the whole process. 

As one of the objectives of the thesis is to help China define better sustainable 
development criteria and indicators, yet there is not any standards available and 
acceptable nowadays. In fact, conducting the selection of defining sustainable 
development criteria and indicators are the most crucial step to the appraising 
methodology because the result must be able to differentiate the sustainability 
performance from the project types. And to achieve this thesis objective together with 
making the criteria of the developed tool encompass all areas of sustainable 
development, the proposed tool borrows the best suit methodology an inimitably 
characteristic, integrated with several authors’ sustainable development criteria and 
incorporated under China’s six existing sustainable development criteria. As a result, the 
ultimate sustainability performance assessment tool is one of the powerful tool today. 
Additionally, together with the five requirements offer the height of rarity and possibility 
to ensure sustainability performance results for each and every examined CDM 
renewable energy project. Therefore the developed methodology is ready to set the 
benchmark as one of  the world’s quality sustainability appraising standard.
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7.2 Recommendations

As there is an absence of sustainable development evaluation standard for the CDM, 
China faces a situation requiring great effort to maintain its benefits to sustainable 
development from hosting the CDM projects. On the other hand, by creating a new 
precise framework for implementing the project specifically sustainable development 
issues as well as demand an external sustainability report can help China’s less effort to 
sustain its benefits from being hosted the projects. In addition, the executive board must 
require verification of sustainability performance after implementation of a project. This 
need to assure that during an operational period the project can actually increase social 
responsibility and reduce environmental impacts. Additionally, by creating an external 
report, it can increase CERs buyer confidence in the quality of a project. In addition, 
China can gain more advantage by setting up its own sustainability performance 
standard regarding the proposed methodology mechanism in order to reassure all of the 
China CDM projects qualified for the standard. 

The results of the five-registered CDM projects are actively exhibited that they have 
positively promoted sustainable development in China, even though a few projects have 
been ineffective in the development. Thus to improve sustainability performance of a 
project, project developer need to understand the implication of China’s sustainable 
development criteria and better understand the activities that can truly improve project 
sustainability performance. However, knowledge and technology from technology 
transfer should be emphasized in parallel in the early CDM project activity cycle, design 
and validation stage, as knowledge acquired from technology transfer is important in 
promoting sustainable development in a long-term. With this developed methodology, 
China can improve its society, environment, and nation economy in terms of sustainable 
development. 
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Appendix I: Annex and Non-Annex Countries List
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Australia 

Austria 

Belarus 

Belgium 

Bulgaria 

Canada 

Croatia 

Czech Republic 

Denmark 

Estonia 

European Union 

Finland 

France 

Germany 

Greece 

Hungary 

Iceland 

Ireland 

Italy 

Japan 

Latvia

Liechtenstein

Lithuania 

Luxembourg 

Monaco

Netherlands 

New Zealand 

Norway 

Poland 

Portugal 

Romania 

Russian Federation

Slovakia

Slovenia

Spain 

Sweden 

Switzerland 

Turkey

Ukraine

United Kingdom of  Great Britain and

Northern Ireland 

United States of  America 

Annex I Countries List

Source: UNFCCC (2010) List of Annex I Parties to the convention. Available from:
http://unfccc.int/parties_and_observers/parties/annex_I/items/2777.php, Accessed on 5th May 2010.
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Non-Annex I Countries List

Afghanistan

Albania 

Algeria 

Angola 

Antigua and Barbuda 

Argentina 

Armenia 

Azerbaijan 

Bahamas 

Bahrain 

Bangladesh 

Barbados 

Belize 

Benin 

Bhutan 

Bolivia 

Bosnia and Herzegovina 

Botswana 

Brazil 

Brunei Darussalam 

Burkina Faso 

Burundi 

Cambodia 

Cameroon 

Cape Verde

Central African Republic 

Chad 

Chile 

China

Colombia 

Comoros 

Congo 

Cook Islands 

Costa Rica 

Cuba 

Cyprus 

Côte d'Ivoire 

Democratic People's Republic of  Korea 

Democratic Republic of  the Congo 

Djibouti 

Dominica 

Dominican Republic 

Ecuador 

Egypt 

El Salvador 

Equatorial Guinea 

Eritrea 

Ethiopia 

Fiji 

The former Yugoslav Republic of  Macedonia

Gabon 

Gambia 

Georgia 

Ghana 

Grenada 

Guatemala

Guinea 

Guinea-Bissau 
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Non-Annex I Countries List (Continued)

Guyana 

Haiti 

Honduras 

India 

Indonesia 

Iran (Islamic Republic of) 

Israel 

Jamaica 

Jordan 

Kazakhstan  

Kenya 

Kiribati 

Kuwait 

Kyrgyzstan 

Lao People's Democratic Republic 

Lebanon 

Lesotho 

Liberia 

Libyan Arab Jamahiriya 

Madagascar 

Malawi 

Malaysia 

Maldives 

Mali 

Malta 

Marshall Islands

Mauritania 

Mauritius

Mexico

Micronesia (Federated States of) 

Mongolia 

Montenegro 

Morocco 

Mozambique 

Myanmar 

Namibia 

Nauru 

Nepal 

Nicaragua 

Niger 

Nigeria 

Niue 

Oman 

Pakistan 

Palau 

Panama 

Papua New Guinea 

Paraguay 

Peru 

Philippines 

Qatar 

Republic of  Korea 

Republic of  Moldova  

Rwanda 

Saint Kitts and Nevis 

Saint Lucia 

Saint Vincent and the Grenadines 

Samoa
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Non-Annex I Countries List (Continued)

San Marino

Sao Tome and Principe 

Saudi Arabia 

Senegal 

Serbia 

Seychelles 

Sierra Leone 

Singapore 

Solomon Islands 

South Africa 

Sri Lanka 

Sudan 

Suriname 

Swaziland 

Syrian Arab Republic 

Tajikistan 

Thailand 

Timor-Leste 

Togo 

Tonga 

Trinidad and Tobago 

Tunisia 

Turkmenistan

Tuvalu 

Uganda 

United Arab Emirates 

United Republic of  Tanzania 

Uruguay 

Uzbekistan 

Vanuatu 

Venezuela (Bolivarian Republic of)

Vietnam 

Yemen 

Zambia 

Zimbabwe 

Source: UNFCCC (2010) List of Non-Annex I Parties to the convention. Available from: 
http://unfccc.int/parties_and_observers/parties/annex_I/items/2833.php, Accessed on 5th May 2010.



Appendix II: Wages Index

Location
 Anhui
 Beijing
 Chongqing
 Fujian
 Gansu
 Guangdong
 Guangxi
 Guizhou
 Hainan
 Hebei
 Heilongjiang
 Henan
 Hubei
 Hunan
 Inner Mongolia
 Jiangsu
 Jiangxi
 Jilin
 Liaoning
 Ningxia
 Qinghai
 Shaanxi
 Shandong
 Shanghai
 Shanxi
 Sichuan
 Tianjin
 Tibet
 Xinjiang
 Yunnan
 Zhejiang

 Urban Monthly Wage (1)
727.11
1445.41
907.12
1032.18
737.93
1283.76
790.3
704.67
746.62
603.26
657.9
842.91
756.32
639.52
799.01
976.84
731.57
726.55
776.34
672.12
790.96
746.83
906.98
1661.96
821.54
712.92
1118.86
723.59
732.96
725.84
1454.08

 Rural Monthly Wage (2)
199.15
627.97
188.11
338.39
123.2
362.74
192.93
126.39
242.44
251.31
251.59
178.13
200.78
245.46
227.67
395.22
207.06
251.22
318.12
224.36
148.41
168.47
320.9
704.08
157.15
207.92
458.34
115.83
165.11
141.43
610.16
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(1) Source: National Bureau of Statistics of China as of January, 2005

(2)  Source: National Bureau of Statistics of China as of October, 2004



Appendix III: Schematic of Power Plants
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Schematic of biomass-fired power plant, Source: Wiltsee (2000)

Schematic of coal-fired power plant, Source: Spath and Mann (2004)



Appendix IV: Permissible Noise Exposures
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Source: United States Department of Labor: Occupational Safety & Health Administration. Available from: 
http://osha.gov/pls/oshaweb/owadisp.show_document?p_table=standards&p_id=9135  



Appendix V: Coal-Fired Power Plant Jobs

No. State Total No. of Power 
Plant

Total Coal Plant 
Capacity (MW)

Total Coal Plant 
O&M Jobs (est.)

1 Ohio 114 23,825 4,289

2 Indiana 90 21,551 3,879

3 Texas 40 21,238 3,823

4 Pennsylvania 78 20,475 3,686

5 Illinois 83 17,565 3,162

6 Kentucky 56 16,510 2,972

7 West Virginia 42 15,372 2,767

8 Georgia 46 14,594 2,627

9 North Carolina 67 13,279 2,390

10 Michigan 88 12,891 2,320

11 Alabama 45 12,684 2,283

12 Missouri 56 11,810 2,126

13 Florida 30 11,382 2,049

14 Tennessee 62 10,290 1,852

15 Wisconsin 70 7,123 1,282

16 Iowa 72 6,492 1,169

17 South Carolina 36 6,469 1,164

18 Virginia 55 6,208 1,117

19 Wyoming 23 6,168 1,110

20 Oklahoma 15 5,720 1,030

21 Arizona 16 5,681 1,023

22 Minnesota 46 5,676 1,022

23 Kansas 16 5,473 985

24 Colorado 33 5,308 955

25 Maryland 18 5,236 942

26 Utah 16 5,080 914

27 New Mexico 11 4,382 789

28 New York 48 4,273 769

29 North Dakota 15 4,246 764

30 Arkansas 5 3,958 712

31 Louisiana 6 3,764 678

32 Nebraska 16 3,212 578

33 Nevada 8 2,769 498

34 Mississippi 9 2,696 485

35 Montana 7 2,536 456

36 New Jersey 9 2,237 403

37 Massachusetts 12 1,776 320

38 Washington 2 1,460 263

39 Delaware 10 1,082 195

40 Connecticut 2 614 111

41 New Hampshire 5 609 110

42 Oregon 1 601 108

43 South Dakota 2 481 87
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No. State Total No. of Power 
Plant

Total Coal Plant 
Capacity (MW)

Total Coal Plant 
O&M Jobs (est.)

44 California 10 439 79

45 Hawaii 1 203 37

46 Alaska 18 118 21

47 Maine 1 103 19

48 Idaho 6 19 3
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Source: Electric Power Annual (2008). Available from: http://www.eai.doe.gov/cneaf/electricity/epa/epa_sum.html



Appendix VI: Questionnaire
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