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Abstract 
Nowadays the mitigation of climate change and the reduction of greenhouse gases are 

one of the priorities in the international affairs. Clean Development Mechanism (CDM) is 

one of the products generated according to this request. For China, CDM brings 

advanced technologies in terms of energy saving and emission reduction, and driving 

forces for sustainable development, hereby the development of CDM projects is in full 

swing in China so far. However, it is not easy to decide which type of CDM projects is 

suitable for a certain city or region, which project contributes more to sustainable 

development compared with others, when it comes to several alternatives. In this case, 

decision-makers require a tool to help make a rational decision. As one of the 

approaches of assisting in making decisions, the Analytic Hierarchy Process (AHP) is 

able to provide assistance for decision-makers to compare the contribution of 

discrepant CDM projects to sustainable development. Moreover, a case study is taken 

between two typical CDM projects: HFC23 decomposition project and small-scale 

hydropower project, so as to check if AHP is useable. The result of the case study 

indicates that HFC23 decomposition project contributes more than small-scale 

hydropower plant project to sustainable development, which is not in line with China’s 

CDM development trend for these two projects (NCCCC, 2005), due to the different 

represented interests of the study group and the real decision-makers. Nevertheless, the 

result is rational and valid since there is nothing wrong with the AHP method and its 

application. 

 

In addition, in order to improve the effect of assisting in decision making, AHP was tried 

to be improved in three respects: impairing subjectiveness, avoiding rank reversal and 

improving accuracy. Even though for AHP itself, DEA/AHP approach could successfully 

eliminate the subjectiveness, however when it comes to this very case: compare CDM 

projects in terms of contribution to sustainable development in China, it cannot play an 

effective role. Moreover, PCA/AHP method cannot eliminate the subjectiveness at the 

root either. The framework method provides a possibility in theory to increase 

objectiveness. Two expects provided a feasible way to avoid rank reversal in their article, 

and the two pathways of improving results accuracy mentioned in this thesis are 

considered inappropriate in this case. On the other side, concerning AHP application, 

how to covert realistic issues to AHP structure, how to get desirable initial information, 

and how to avoid limitation generated by considerable criteria, sub-criteria and 

alternatives are considered as the difficulties which should be paid attention. In future, 

AHP could be applied frequently and effectively concerning providing assistance in 

making decisions in China, if the stakeholders as many as possible are involved in 

decision-making process. 
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1. Introduction 

1.1 Background 

Although the Copenhagen Summit did not come up with any new ambition, a majority of 

nations and people in the world are still trying their best to reach a consensus of 

changing the present situation of climate change. The Kyoto Protocol has been playing a 

significant role in the process of encouraging collective actions to address climate 

change. In order to help Annex I countries to achieve their reduction targets 

cost-effectively, the Kyoto Protocol introduced three market mechanisms, namely Joint 

Implementation (JI), Clean Development Mechanism (CDM) and International Emissions 

Trading (ET).  

 

Within these mechanisms, CDM has gained a lot of interest worldwide, since it aims to 

help Annex I countries to reduce greenhouse gases (GHGs) in a cost-effective way, while 

simultaneously to assist developing countries in their sustainable development. In other 

words, CDM creates an opportunity for industrialised and developing countries to 

cooperate with each other in terms of climate change mitigation and to pursue a 

win-win situation. Therefore it is crucial to evaluate whether and how much a CDM 

project contributes to sustainable development in a host country. Cost-benefit analysis 

(CBA), cost-efficiency analysis (CEA), checklist and multi-criteria analysis (MCA) are the 

mostly used methods to assist in decision-making. And the Analytic Hierarchy Process 

(AHP) is one of the most popular MCA methods and widely employed decision tools. 

 

However, owing to different methods and discrepant criteria used in sustainability 

assessments, distinct results would be obtained from the same project in different 

assessments. Consequently, this problem can significantly restrict the comparability of 

various projects in different situations and further affect decision-making regarding 

CDM and sustainable development. For China, a developing country with a fast growing 

economy and large population, sustainable development is one of the important affairs 

nowadays. In addition, China has a huge potential of enhancing energy efficiency, 

conserving energy resource and reducing GHG emissions. Hence, developing CDM in 

China is a choice which goes with the stream.  

1.2 Aim and objectives 

This thesis aims to examine AHP in terms of its applicability to CDM projects regarding 

sustainable development. To achieve this aim, the thesis will: Firstly, investigate criteria 

for assessing sustainable development studies by several research and adopted by China; 

Secondly, identify how the AHP works and its strengths and weaknesses; Thirdly, 

compare two different CDM projects by using AHP in terms of their contribution to 
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sustainable development; And then, find theoretical approaches to improve AHP, discuss 

problems when using AHP and the appropriate situation when making use of AHP to 

assist in making decision regarding promote CDM in China. 
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2. The current situation of CDM in China 

2.1 China’s contribution to the world 

In 1998, China signed the Kyoto Protocol, while Chinese policies in terms of climate 

change had not been placed at a high priority at that time. However, sustainable 

development was one major goal that the government had been pursuing for a long 

period, which is largely in accordance with climate protection (Lv & Liu, 2005a.). The 

Chinese government officially ratified the Kyoto Protocol on 3 September 2002 and 

since then China had legitimately participated in CDM (Lv & Liu, 2005a.). 

 

The National Development and Reform Committee (NDRC), which is the Designated 

National Authority (DNA) of Chinese CDM, approved the first two CDM projects in 2005. 

Since then, the development of Chinese CDM projects had been going like a raging fire 

and China to date has become the largest contributor to CDM worldwide. Until 8 April 

2010, 787 Chinese projects had been registered, accounting for the biggest proportion 

of 36.97% in all host countries (see Fig.1), and these registered projects are able to 

generate 209,403,147 tonnes of Certificated Emission Reductions (CERs) annually, 

representing 59.42% of global CERs (see Fig.2). 

 
Fig.1 Registered project activities by host party 

      Source: UNFCCC, 2010a 

 

Fig.2 Expected average annual CERs from registered projects by host party 

Source: UNFCCC, 2010b 
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2.2 Project distribution and the expected contribution to emission 

reduction  

By 8 April 2010, the NDRC had approved 2442 projects, out of which 786 projects had 

been registered (DCCNDRC, 2010a). The detailed information of these registered 

projects by category, such as number of projects and amount of CERs, can be seen in 

Figure 3 and Figure 4 respectively.  

 

Fig.3 Registered projects by scope 

Source: DCCNDRC, 2010a. 

 
Fig.4 Expected average annual CERs by registered projects by scope 

Source: DCCNDRC, 2010b. 

As the two figures indicate, most of the registered CDM projects refer to renewable 

energy series, meanwhile which contributes to the most CERs in all scopes. On the other 

hand, projects in terms of chemical pollutants reduction series give rise to the second 

largest contribution to CERs, while the number of these projects merely occupies 1.40% 

of all. 
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3. Sustainable development  

3.1 Different concepts of sustainable development  

On one hand, the Marrakech Accords writes 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). There is not a universal standard of 

sustainable development for every country. On the other hand, many studies tried to 

define a comprehensive scope of sustainable development, e.g. Lv and Liu (2005), Olsen 

and Fenhann (2008) and the World Wildlife Fund (WWF, 2010.).   

 

Lv and Liu (2005) suggest that in addition to CERs, CDM is likely to offer other benefits 

which relate to sustainability assessment: 

Economic benefits 

Increasing tax revenue; 

Technology improvement; 

Contributing to create new domestic industrial sectors; 

Creating more jobs; 

Ecological benefits 

Reducing GHGs emission and slowing down the climate change; 

Improving local air quality, water and underground water condition; 

Diversifing electricity sources; 

Saving natural resources by using renewable energy; 

Supporting the development of renewable energy; 

Social benefits 

Creating new job posts; 

Increasing public awareness on local environmental challenge; 

Raising local life quality.  

 

Olsen and Fenhann (2008) develop a conceptual framework (see Fig.5) in terms of 

sustainable development which is not as concrete as Lv and Liu’s description. 
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Fig.5 Sustainable development criteria 

Source: Olsen & Fenhann, 2008. 

The WWF developed an imperative and strict standard, the so-called Gold Standard, to 

improve the quality of CDM projects in terms of sustainability. The WWF launched the 

Gold Standard Label later, which provides qualified CDM projects with a label in terms of 

sustainable development. In particular, this standard is updating continuously as time 

goes by. 

 

The Gold Standard (WWF, 2010) consists of three components: 

 The selection of project types is based on a technique list, including renewable 

energy, energy efficiency and some alternative techniques, 

 Baseline and additionality, which aims to make sure that: a) projects cannot start 

without CDM; b) projects have a lower emission level compared with those without 

CDM. 

 Sustainable development standard ensures that projects evaluation follows specific 

environmental, social, economic/technique indicators, and leads to positive benefits 

for sustainable development. 

 

Sustainability assessment is an imperative step in the Gold Standard, which aims to 

enhance the sustainability level and quality of CDM projects. What’s more, the Gold 

Standard contains proposals on promoting sustainable development. 

 Insisting on the best environmental impact assessment 

 Relying on the participation of local stakeholders rather than merely developers and 

the local government; 

 An explicit public participant process; 

 “Sustainable development matrix”: first transforming an issue into a set of 

environmental, social, economic/technique indicators, and then analyzing project 
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performances according to each indicator system. The projects would meet the Gold 

Standard when the indicators in each category turn out to be positive (WWF, 2010). 

 

Besides the Gold Standard, the Community Development Carbon Fund, the MDG Carbon 

Facility and the CCB standards are some of other initiatives to promote sustainable 

development; however there is no CDM project from those initiatives at registration 

stage as yet (Nussbaumer, 2009).  

3.2 Sustainable development principle in China 

Albeit there is no explicit definition of sustainable development criteria in ‘Measures for 

operation and management of CDM projects in China’ framed by Chinese government, 

yet some regulations in it show China’s intention to promote sustainable development 

by making use of CDM to a certain extent. 

 

For instance, Article 4 stipulates that CDM project activities in China mainly focus on 

energy efficiency improvement, development and utilization of new energy and 

renewable energy, and recovery and utilization of methane and coalbed methane 

(NCCCC, 2005). Article 24 stipulates that the government charges a certain proportion 

from the profits of selling CERs. For example, HFCs decomposition and PFCs projects are 

charged for 65% of their CERs revenues, N2O projects are charged for 30% and 

reforestation projects and those in other categories are charged for only 2%(NCCCC, 

2005). In addition, a project owner has to offer an Environmental Impact Assessment 

report, which meets the requirements of the DNA and explains potential environmental 

impacts and relevant countermeasures during its construction and operation periods 

(PRCEEMEP et al., 2009). These regulations denote that sustainable development is a 

crucial issue which Chinese government focuses on, and meanwhile the government is 

willing to promote sustainable development by CDM, even though no concrete criteria 

turn up so far. 

3.3 Sustainable development criteria adapted by the thesis 

Normally, developing countries may define sustainability by addressing their own 

strategic priorities at a macro level, mostly in a qualitative way. However, these 

definitions are too general to be applied to practical assessments of CDM projects, or to 

comparisons between projects in different categories (PRCEEMEP et al. 2009). Albeit 

China has relevant regulations to support sustainable development, there are no 

concrete and operable criteria to assess the sustainability of CDM projects. Hence, a 

specific set of criteria of sustainable development (see Table 1) is established here, 

according to the research mentioned above and the specific situation in China:  
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Table 1. Sustainable development criteria  

Sustainable development 

Environment Society Economy Others 

Water Health Capital investment Technological 

change Noise Equity Operation and maintenance costs 

Air 
Local living and working 

conditions 
Energy costs and benefits 

Energy 

transition 
Visual 

Human capital and 

institutional capacity 
CER returns 

Biodiversity Rural industrialization 
Local, regional, imports and 

exports and tax benefits 
Political 

benefits 
Land Infrastructure Energy balance 

  



 

9 
 

4. Introduction of AHP 

4.1 AHP and CDM sustainability  

AHP is chosen as the approach to assess and compare sustainability between different 

CDM project activities, the reasons are explained as follows:  

 

As mentioned before, there are four main tools to assist in making decisions: CBA, CEA, 

Checklist and MCA. But when it comes to the comparison of sustainability of different 

CDM projects in this thesis, MCA is preferred. CBA and CEA try to weigh all the relevant 

impacts in a monetary way, and make the decision depending on the calculated balance 

or a ratio. They are able to provide decision-makers an intuitionistic and objective 

picture that which project is more cost-beneficial or cost-efficient. However, it is rather 

difficult to gather information for all the impacts in monetary ways, which may lead to 

inaccuracy and uncertainty.  

 

On the other side, Checklist is a tool to check if the work fulfils all the items listed on the 

checklist, and compare which project achieves more than the other. But it is not 

quantitative or comprehensive, besides it is quite simple to deal with a problem which 

refers to a high requirement and plays a vital and profound role in affecting sustainable 

development. 

 

On contrary, MCA is a multi-discipline approach to determine all the preferences among 

different options, by providing techniques for comparing and ranking different 

outcomes, which is systematic, comprehensive and easy to handle. Moreover, MCA 

includes various methods, and AHP is one of them. The reason why AHP is chosen to 

compare the sustainability of different CDM projects in this thesis is that AHP is 

sufficient in handling small number of objects and is more suitable for determining 

weight coefficients, compared with other MCA approaches(Konidari & Mavrakis, 2007). 

 

In addition, AHP is capable of coping with several difficulties that decision-makers face. 

First of all, AHP provides an existing systematic structure which decision-makers could 

apply immediately. Especially the decision this thesis refers to is about to compare the 

sustainability of two different CDM projects, which is a complicated problem with a 

large number of criteria. AHP enables to break down this big problem into smaller 

sub-problems which may be solved easily. Moreover, several options are always 

annoying, but AHP could help decision-makers easily find a way to compare the 

priorities between distinct criteria.  

 

The most important feature of AHP is that it is able to gather opinions from different 

stakeholders and make the decision rational and fair. Since the sustainability 
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Goal 

Criterion 4 

 

Criterion 3 

 

Criterion 2 

 

 Criterion 1 

Alternative 3 

 

Alternative 2 

 

Alternative 1 

assessment process of CDM projects involves people from all walks of life, the outcome 

will be acceptable and fair enough only if all the stakeholders related express their 

views without being interfered and their thinking are adopted finally. The judgments 

made by AHP are converted into a numerical scale, even opinions from people who are 

not experts or well-educated could be adopted. Therefore desirable outcomes will be 

figured out by AHP if there is no cheating. 

 

Last but not the least, since 1982 AHP was introduced to China for the first time, it has 

been widely accepted and used by Chinese decision-makers in various aspects: economy, 

energy, management, environment, traffic, agriculture, industry, and military missions 

(Sun, 2005). In addition, nowadays AHP courses is supplied by almost 100 high 

educational institutions, a large number of master students and PhD students choose 

AHP as the research direction concerning their thesis works, and a large number of 

academic groups have already engaged in the AHP study (Sun, 2005). Hence, for Chinese 

decision-makers, AHP is a practical tool which is easy to handle. 

4.2 The rationale of AHP 

AHP was developed by Thomas L. Saaty in the 1970s depending on mathematics and 

psychology, it is a decision making technique of decomposing the elements related to the 

decision into goal, criteria and alternatives (see Fig.6), and then making both qualitative 

and quantitative analysis (Ramanathan, 2001). AHP is also a widely used technique to 

help decision-makers pick out the best suited one among various alternatives.   

 

Fig.6 A simple structure of AHP 

Source: Sander, 2009. 

How does the analytic hierarchy process work? There are mainly four steps (Saaty, 

2008): 

1. Define the decision object; 

2. Classify the factors which affect the decision, and build a multi-level structure: the 

top level is the goal of this decision, the intermediate levels are criteria and 

sub-criteria of comparing distinct alternatives, and the lowest level is alternatives; 
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3. Make comparisons between each criterion in an upper level and the same criterion 

in its below level in terms of relative importance, that is, forge a set of pairwise 

comparison matrix. In addition, in order to make a contrast that how much a 

criterion is more important than another one, a scale of numbers (see Table 2) is 

settled. 

Table 2. The fundamental scale of absolute numbers 

Intensity of 

Importance 
Definition Explanation 

1 Equal Importance Two activities contribute equally to the 

objective 

2 Weak or slight  

3 Moderate importance Experience and judgement slightly favour 

one activity over another 

4 Moderate plus  

5 Strong importance Experience and judgement strongly 

favour one activity over another 

6 Strong plus  

7 Very strong or demonstrated 

importance 

An activity is favoured very strongly over 

another; its dominance demonstrated in 

practice 

8 Very, very strong  

9 Extreme importance The evidence favouring one activity over 

another is of the highest possible order of 

affirmation 

Reciprocals 

of above 

If activity i has one of the above 

non-zero numbers assigned to it 

when compared with activity j, 

then j has the reciprocal value 

when compared with i 

A reasonable assumption 

1.1-1.9 If the activities are very close May be difficult to assign the best value 

but when compared with other 

contrasting activities the size of the small 

numbers would not be too noticeable, yet 

they can still indicate the relative 

importance of the activities. 

Source: Saaty, 2008. 

aij > 0, aij=1/aji , aii=1 

 

4. Test the matrix consistency through calculation, modify it if necessary so as to get 

an acceptable consistency; In line with the premise of the consistency test, calculate 

the eigenvector corresponding to the maximum eigenvalue of the pairwise 

comparison matrix, define the weight between each criterion and that in its upper 
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level; figure out the overall ranking weight between each criterion and the goal, and 

finally make the decision.  

The consistency test process is: 

1) Calculate CI which stands for the consistency index. λ
max

 is the maximum 

eigenvalue of the pairwise comparison matrix, n is the size of matrix; 

CI =
λ

max
−𝓃

𝓃 − 1
 

2) Find the corresponding RI which stands for the random index from the existing 

average consistencies of random matrices created by Saaty, T.L.; 

RI =
λ

max

′
−𝓃

𝓃 − 1
 

 Table 3. The average consistencies of random matrices (The Random Index-RI-Values) 

Size 1 2 3 4 5 6 7 8 9 10 

RI 0 0 0.52 0.89 1.11 1.25 1.35 1.40 1.45 1.49 

Source: Saaty, 1994. 

3) Calculate CR which stands for the consistency ratio. 

CR =
CI

RI
 

      If CR< 0.10, the consistency of matrix is tolerant, otherwise the matrix should be 

modified.  

4.3 Strengths and weaknesses of AHP application 

4.3.1 Strengths of AHP application 

AHP processes and sorts people’s thinking route, it provides a set of systematic analysis 

method and provides scientific management and decision with a convincing basis; 

Moreover, AHP is a simple approach to help make decisions concerning rather 

complicated and ambiguous problems, since it could aggregate various opinions from 

many experts and even those in different groups (Ramanathan, 2001); Particularly it is 

suitable for those problems which are not easy to make absolute quantitative analysis, 

since AHP combines quantitative and qualitative elements together; Furthermore, all the 

stakeholders’ feelings and opinions could be converted into a numerical scale, especially 

for laymen’s feeling, this method plays a vital role in taking unstructured feelings into 

consideration (Ramanathan, 2001); And checking the consistency ratio is profound and 

critical when it comes to make judgments and decisions, AHP provides possibility and 

flexibility to modify the judgment if it turns out to be inconsistent.  

4.3.2 Weaknesses of AHP application 

Firstly AHP mainly relies on people’s experiences, which is affected by subjective factors, 

it is able to exclude serious inconsistency during the thinking process, however it could 
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do nothing to eliminate the possible severe one-sidedness from decision-makers; 

Secondly the process of comparison and determination is quite simple, which leads to 

inapplicability in terms of problems with high accurate requirements; Thirdly 

concerning the existing use of some algorithm, other experts proposed alternatives 

which may be more rational, for example, Saaty uses the scale ranging from 1 to 9 to 

express the relative importance among different criteria, while one of the most widely 

cited alternative scale is from e0γ  to e8γ ” (Ramanathan, 2001), since this alternative 

possesses a ratio feature which is in line with the demand that AHP tries to get the ratio 

information of the relative importance; Finally rank reversal is an unavoidable problem 

when adding or deleting an alternative from the existing matrix, which would change 

people’s preferences and weights of the old alternatives within a new system ( Saaty, 

1994).  
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5. Case study 

5.1 Cases description  

Within all the CDM project categories, renewable energy and chemical pollutants 

reduction are two typical ones due to their registered amount and expected CERs as 

mentioned above. Therefore a HFC23 decomposition project and a small-scale 

hydropower plant project are chosen as sample projects in this study. In addition, these 

two projects were the latest projects in those two categories when the course of 

Ecological Economics which will be explained below was planned. 

 

Albeit there are merely eleven HFC23 decomposition projects, the expected annual 

emission reductions of these projects accounts for 30% of all registered Chinese CDM 

projects (DCCNDRC, 2010a,b). Due to the high global warming potential (GWP) value of 

HFC23, and it is quite early that China began to exploit HFC23 decomposition projects, 

therefore all the eleven registered HFC23 decomposition projects are at the stage of 

issuing CERs; The CERs of this project category take a proportion of 52.38% in all the 

CERs issued by executive board (EB), which is at the absolute dominating place (CARCU, 

2009). This thesis chooses the project 0304, the project of HFC23 decomposition at the 

Changshu 3F Zhonghao New Chemical Materials Co. Ltd, Changshu, Jiangsu Province, 

China, as one sample case to study the contribution of HFC23 decomposition projects to 

sustainable development. The project was registered by the CDM EB on 8 August 2006 

(UNFCCC, 2006). 

 

HFC23 is by-produced with HCFC22, which is a useful chemical product. It is not toxic 

but is a GHG with a high global warming potential. There are two HCFC22 production 

lines in Changshu 3F Zhonghao New Chemical Materials Company with an annual 

production capacity of 40,000 tons. Thanks to the CDM project, an incineration facility 

was installed to decompose HFC23 at a high temperature of more than 1200oC. After the 

implementation of this CDM project activity, the total emission reduction in a regular 

year is expected to be 10,437,249 tCO2e, and the total crediting period is 21 years from 

2006 to 2027(UNFCCC, 2006).   

 

Promoting hydropower is one of the strategies of optimizing energy structure and 

improving sustainable development in China. Moreover, there is abundant hydraulic 

power potential in China, which supplies a great potential to develop the CDM project 

activities concerning hydropower category. (PRCEEMEP et al., 2009) In the overall 

context of energy saving and emission reduction, China has made a great progress 

regarding small-scale hydropower development in recent years, thanks to CDM. Until 8th 

April, 2010, 141 of 786 China’s registered CDM projects in EB belong to small-scale 

hydropower plants, which indicate that small-scale hydropower plant plays an 



 

15 
 

important role in China’s CDM projects evolvement. (PRCEEMEP et al. 2009) 

 

This thesis chooses project 2255: Siliping Small-Scale Hydropower Project developed by 

Panzhihua Reshuihe Electric Power Development Co., Ltd, Sichuan Province, China as a 

case to do a research on the contribution of this series of CDM project activities to 

sustainable development. Because of this CDM project, the total installed capacity of 10 

MW would be built, and a predicated energy supply of 43,968 MWh per annum would 

be delivered to the Central China Power Grid. After the implementation of this CDM 

project activity, the total emission reduction in a regular year is expected to be 42,872 

tCO2e, and the total number of crediting years is 7 years from 2009 to 2016. In addition, 

it has succeeded in registration by the EB on 17 June, 2009. (UNFCCC, 2009) 

5.2 The identification of AHP criteria  

To compare these two CDM projects: HFC23 decomposition and small-scale hydropower 

plant in terms of their impacts on sustainable development, an AHP analysis framework 

is established (see Fig.7 ). 

 
Fig.7 AHP structure of the studied cases 

There are four levels in the whole system, including the goal level which is at the top, the 

criteria level which is on the second layer, the sub-criteria level which is on the third 

layer, and the level of alternatives which is at the bottom. When it comes to criteria, 

environmental, social, economic, technological and political aspects are taken into 
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consideration, which is as same as the standard used by most parties. On the other side, 

concerning sub-criteria under four main criteria, there are 21 aspects mentioned here. 

These sub-criteria are also the impacts that a CDM project activity will or may lead to in 

terms of environment, society, economy, technology and politics in China.  

5.3 Data 

Several groups of students attended a seminar which was organized in the course of 

Ecological Economics (MJ 2694) by Industrial Ecology, KTH, in November, 2009. 

Ecological Economics is one of the mandatory courses for the Sustainable Technology 

master program, which consists of six periods for courses and two periods for thesis 

work within two years. The course, Ecological Economics, was in the sixth period, which 

indicates that students who attended the seminar at that time have been well-trained in 

terms of sustainable consciousness. Data used below come from part of the missions in 

this seminar (see Appendix I). Seven groups’ judgments are available for this thesis, 

while after checking the consistency rate, merely two groups’ information is valid and 

applicable. Therefore the AHP case study taken in this thesis will be based on these valid 

data. What needs to be explained is that there is not any problem with one of the two 

groups’ judgments, which is taken as Group A below; while the judgment from the other 

group passed the consistency test after a minor revision by its group members, this 

group is taken as Group B below. 

 

Since these two groups of students have been well-educated concerning sustainable 

development for almost two years, which demotes that the results of AHP are credible 

and rational. Besides, useful data such as the maximum eigenvalue and its 

corresponding eigenvector of a pairwise comparison matrix are disposed using MATLAB 

7.9. After normalization, the elements in the eigenvector are the priorities between 

discrepant criteria in the matrix. 

5.4 Results 

5.4.1 Results of Group A 

5.4.1.1Data collection 

Table 4. Pairwise comparison of criteria in terms of the goal 

A B1 B2 B3 B4 Priorities 

B1 1 3 9 5 0.5660 

B2 1/3 1 7 3 0.2674 

B3 1/9 1/7 1 1/5 0.0399 

B4 1/5 1/3 5 1 0.1267 

λmax = 4.1707      CR=0.0639 < 0.1 
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Table 5. Pairwise comparison of sub-criteria in terms of environment 

B1 C1 C2 C3 C4 C5 C6 Priorities 

C1 1 9 1 7 3 5 0.3401 

C2 1/9 1 1/9 1/3 1/7 1/5 0.0248 

C3 1 9 1 7 3 5 0.3401 

C4 1/7 3 1/7 1 1/5 1/3 0.0441 

C5 1/3 7 1/3 5 1 3 0.1659 

C6 1/5 5 1/5 3 1/3 1 0.0849 

λmax = 6.2777         CR=0.0444 < 0.1 

Table 6. Pairwise comparison of sub-criteria in terms of society 

B2 C7 C8 C9 C10 C11 C12 Priorities 

C7 1 7 3 9 5 5 0.4615 

C8 1/7 1 1/5 3 1/3 1/3 0.0515 

C9 1/3 5 1 7 3 3 0.2402 

C10 1/9 1/3 1/7 1 1/5 1/5 0.0278 

C11 1/5 3 1/3 5 1 1 0.1095 

C12 1/5 3 1/3 5 1 1 0.1095 

λmax = 6.2578         CR=0.0412 < 0.1 

Table 7. Pairwise comparison of sub-criteria in terms of economy  

B3 C13 C14 C15 C16 C17 C18 Priorities 

C13 1 1 1/3 1/3 1/5 3 0.0779 

C14 1 1 1/3 1/3 1/5 3 0.0779 

C15 3 3 1 1 1/3 5 0.1913 

C16 3 3 1 1 1/3 5 0.1913 

C17 5 5 3 3 1 7 0.4247 

C18 1/3 1/3 1/5 1/5 1/7 1 0.0368 

λmax = 6.1437          CR=0.023 < 0.1 

Table 8. Pairwise comparison of sub-criteria in terms of tech & politics 

B4 C19 C20 C21 Priorities 

C19 1 1 3 0.4286 

C20 1 1 3 0.4286 

C21 1/3 1/3 1 0.1428 

λmax = 3        CR=0 

In the light of judgments from Group A (see Table 4), the importance ranking of the four 

criteria from the most to the least is environment, society, technology & politics and 

economy.     

 

With regard to the environmental aspect (see Table 5), water and air quality are 

regarded as the most crucial sub-criteria. Biodiversity is less significant than water and 

air quality, which is followed by land, visual intrusion and noise. Regarding the social 
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aspect (see Table 6), public health is the most widely concerned sub-criterion, 

improvement of local living and working conditions is taken at the second place, rural 

industrialization and infrastructural development are weighed the same, and equity and 

human capital & institutional capacity are considered at last.  

 

Group A believes that contribution to local agriculture, regional economy, imports & 

exports and taxes is the priority compared with other five sub-criteria when it comes to 

the economic aspect. Energy costs & benefits and CER returns are their secondary 

concern, which is followed by project capital investment, operation & maintenance costs 

and energy balance (see Table 7). As a whole, technology is more vital than politics, in 

addition, technological change and assisting in the transition away from fossil fuels and 

promoting renewable energy are the same in terms of significance (see Table 8). 

 

The 21 tables from Table a. to Table u. shown in Appendix II indicate the priorities 

between the HFC23 decomposition project and the small-scale hydropower plant 

project concerning environmental, social, economic and other impacts and sub-criteria. 

That is, for instance, for the sub-criterion C1, if priority of D1 is bigger than that of D2, 

project D1 will lead to bigger impacts on C1 than project D2. But impacts could be 

positive and negative, in order to unify the standard, all the data used in the 21 tables 

have been converted into the positive impacts. Therefore, the priority is higher, the 

contribution to sustainable development is better. Based on the CR calculated from the 

21 tables, every matrix are consistent (CR< 0.1), or in other words, all the judgments 

make sense.  

5.4.1.2The outcome 

Table 9. Priorities of two projects in terms of environment  

Environment Water Noise Air 
Visual 

intrusion 
Biodiversity Land 

Criteria 

priorities 
Sub-criteria 

Priorities 
0.3401 0.0248 0.3401 0.0441 0.1659 0.0849 

Alternative 

priorities 

HFC23 0.5 0.1667 0.8 0.9 0.9 0.9 0.7117 

Hydro 

power 
0.5 0.8333 0.2 0.1 0.1 0.1 0.2882 

According to students’ judgments in Group A (see Table 9), the HFC23 decomposition 

project contributes much more than the small-scale hydropower plant project to the 

environment. Except for noise, the former obtains better scores in terms of water quality, 

air quality, visual intrusion, biodiversity and land use. Since, HFC23 decomposition 

project eliminates one of the GHGs with a very high GWP, especially there is no 

regulation to restrict emitting HFC23 directly into the atmosphere in China now, which 
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is also the main contribution of this project. Moreover, in construction and operation 

periods, HFC23 project only need to install a set of production facilities which not only 

leads to few impacts on biodiversity and land use, but also brings little visual intrusion. 

Even though there are gaseous effluents from the facility, but after treatment, the levels 

of emissions vented to the atmosphere are much lower than the national environmental 

standards.  

 

While to establish a small-scale hydropower plant, a lot of work should be done, and it is 

built right on a river, even though it is run-off- river plant, students still believe that the 

plant will give rise to adverse impacts on biodiversity, land use, water quality, and lead 

to visual intrusion. However, hydropower is a renewable energy, which denotes that the 

exploitation will both reduce the application of fossil fuels and decline the emission 

levels to the lowest concerning local pollutants and GHGs.  

Table 10. Priorities of two projects in terms of society 

Society 
Public  

health 
Equity 

Living & 

working 

conditions 

Human 

capital &  

institutional 

capacity 

Rural 

industrializati

on 

Infrastructural 

development 

Criteria 

prioritie

s 

Su
b

-c
ri

te
ri

a 

p
ri

o
ri

ti
es

 

0.4615 0.0515 0.2402 0.0278 0.1095 0.1095  

A
lt

er
n

at
iv

e 
p

ri
o

ri
ti

es
 

H
F

C
2

3
 

0.6667 0.1 0.1111 0.5 0.1 0.1 0.3753 

H
yd

ro
p

o
w

er
 

0.3333 0.9 0.8889 0.5 0.9 0.9 0.6247 

In terms of social aspect, the small-scale hydropower plant project gets a higher score 

than the HFC23 decomposition project (see Table 10). In Group A’s opinion, to build a 

hydropower plant project could bring more benefits for local people and rural 

industrialization, infrastructural development, for example, some electricity supply 

facilities will be installed, which may not be owned by the local before, compared with 

installing a HFC23 decomposition facility. Public health is the only sub-criterion that 

HFC23 decomposition gets a better thinking than hydropower plant, which is possible 

due to the lower risk of injuries during the construction and operation phases. 

Table 11. Priorities of two projects in terms of economy  
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Economy Investment 
Operation 

&maintenance 

Energy 

costs & 

benefits 

CER 

returns 

Local, 

regional 

Energy 

balance Criteria 

priorities 
Sub-criteria 

priorities 
0.0779 0.0779 0.1913 0.1913 0.4247 0.0368 

A
lt

er
n

at
iv

e 

p
ri

o
ri

ti
es

 HFC23 0.2222 0.2222 0.6 0.6429 0.4286 0.1 0.4581 

Hydro 

power 
0.7778 0.7778 0.4 0.3571 0.5714 0.9 0.5418 

These two projects contribute very similar when it comes to the economic aspect (see 

Table 11). Even though the small-scale hydropower plant project gets a higher score, by 

a large margin, than the HFC23 decomposition project, in terms of project capital 

investment, operation & maintenance costs and energy balance. But the weighting 

priorities related to these three factors are quite small, they are not able to tip the 

balance. 

Table 12. Priorities of two projects in terms of tech & politics 

Others 
Technological 

change 

Energy 

transition 
Political 

Criteria 

priorities Sub-criteria 

Priorities 
0.4286 0.4286 0.1428 

Alternative 

priorities 

HFC23 0.875 0.1 0.4 0.475 

Hydro 

power 
0.125 0.9 0.6 0.525 

The technique of HFC23 decomposition is up-to-date and scarce in China, whereas 

through the assistance from the Annex I countries, part of know-how technique is 

transferred to China, which offers more benefits compared with small-scale hydropower 

plant which needs state-of-art but known technology in electricity generation and 

transmission. On the other side, HFC23 decomposition project does not generate any 

other kind of energy, which is also a vital point that hampering the development of this 

project. While not only does small-scale hydropower plant project make use of 

renewable energy, but also generate electricity which is delivered to the regional grid. 

And in China, there is no clear difference of political impacts in terms of these two 

projects. (see Table 12) 

Table 13. Final priorities of two projects 

Goal Environment Society Economy Others 
Final 

priorities 
Priorities 0.5660 0.2674 0.0399 0.1267 



 

21 
 

Criteria 

priorities 

HFC23 0.7117 0.3753 0.4581 0.475 0.5816 

Hydro 

power 
0.2882 0.6247 0.5418 0.525 0.4183 

Finally, Group A offers decision makers the result that the HFC23 decomposition project 

will contribute more to the sustainable development than the small-scale hydropower 

plant project, especially in terms of environmental aspect (see Table 13). 

5.4.2 Results of Group B 

5.4.2.1 Data collection 

Table 14. Pairwise comparison of criteria in terms of the goal 

A B1 B2 B3 B4 Priorities 

B1 1 1 3 5 0.3825 

B2 1 1 3 5 0.3825 

B3 1/3 1/3 1 5 0.1754 

B4 1/5 1/5 1/5 1 0.0596 

λmax = 4.1545       CR= 0.0579 < 0.1 

Table 15. Pairwise comparison of sub-criteria in terms of environment 

B1 C1 C2 C3 C4 C5 C6 Priorities 

C1 1 7 3 9 3 5 0.4153 

C2 1/7 1 1/3 3 1/9 1/3 0.0446 

C3 1/3 3 1 5 1/3 3 0.1376 

C4 1/9 1/3 1/5 1 1/9 1/5 0.0254 

C5 1/3 9 3 9 1 5 0.2943 

C6 1/5 3 1/3 5 1/5 1 0.0828 

λmax = 6.4201         CR= 0.0672 < 0.1 

Table 16. Pairwise comparison of sub-criteria in terms of society 

B2 C7 C8 C9 C10 C11 C12 Priorities 

C7 1 3 3 7 9 5 0.4200 

C8 1/3 1 1/3 5 7 3 0.1689 

C9 1/3 3 1 5 7 3 0.2475 

C10 1/7 1/5 1/5 1 3 1/3 0.0466 

C11 1/9 1/7 1/7 1/3 1 1/5 0.0260 

C12 1/5 1/3 1/3 3 5 1 0.0912 

λmax = 6.3945        CR= 0.0631 < 0.1 

Table 17. Pairwise comparison of sub-criteria in terms of economy 

B3 C13 C14 C15 C16 C17 C18 Priorities 

C13 1 5 3 7 3 5 0.4247 

C14 1/5 1 1/3 3 1/3 1 0.0779 

C15 1/3 3 1 5 1 3 0.1913 
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C16 1/7 1/3 1/5 1 1/5 1/3 0.0368 

C17 1/3 3 1 5 1 3 0.1913 

C18 1/5 1 1/3 3 1/3 1 0.0779 

λmax = 6.1437          CR= 0.023 < 0.1  

Table 18. Pairwise comparison of sub-criteria in terms of tech & politics 

B4 C19 C20 C21 Priorities 

C19 1 5 3 0.6370 

C20 1/5 1 1/3 0.1047 

C21 1/3 3 1 0.2583 

λmax = 3.0385      CR=0.0370 < 0.1 

From Group B’s point of view (see Table 14), environment and society are the most 

crucial criteria of all, and meanwhile, they have the same weights, which are followed by 

economy and technology and politics.  

 

Water quality is considered as the important criterion among these six ones, and 

biodiversity is the next, which is followed by air quality. The least significant 

sub-criterion goes to visual intrusion (see Table 15). Public health is always the most 

widely concerned sub-criterion, the next one is improvement of local living and working 

condition, in Group B’s opinion (see Table 16). Equity is the third most concerned 

sub-criterion, which is followed by infrastructural development, human capital and 

institutional capacity, and the least important one is rural industrialization. 

 

For students in Group B , the ranking of significance from the top to the bottom among 

the six sub-criteria (see Table 17) is project capital investment, energy costs and 

benefits, local agriculture, regional economy, imports & exports and taxes, operation & 

maintenance costs, energy balance, and CER returns. Concerning the technological and 

political aspects (see Table 18), Group B believes that technological change is more 

important than politics, and energy transition is the least significant of all. 

 

As same as the tables made by Group A, the 21 tables from Table a. to Table u. in 

Appendix III indicate the priorities between HFC23 decomposition project and 

small-scale hydropower plant project with respect to environmental, social, economic 

and other aspects. The score is higher, the contribution is better. All the matrices created 

by Group B are consistent (CR < 0.1), which denotes that all the judgments are rational 

and applicable. 

5.4.2.2The outcome 

Table 19 . Priorities of two projects in terms of environment 

Environment Water Noise Air 
Visual 

intrusion 
Biodiversity Land 

Criteria 

priorities 
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Sub-criteria 

Priorities 
0.4153 0.0446 0.1376 0.0254 0.2943 0.0828 

Alternative 

priorities 

HFC23 0.9 0.5 0.1 0.5 0.2 0.7 0.5394 

Hydro 

power 
0.1 0.5 0.9 0.5 0.8 0.3 0.4607 

Based on Group B’s points of view (see Table 19), the HFC23 decomposition project 

have a bigger positive impact on environment than the small-scale hydropower plant 

project, in particular, in terms of water quality and land use. When it comes to noise and 

visual intrusion, they are given the same weight. However, the small-scale hydropower 

plant project contributes more to environment than the HFC23 decomposition project 

regarding air quality and biodiversity.  

 

Due to the varying preferences, some results are different from Group A. Take air quality 

for an example, Group A gives the HFC23 decomposition project 0.8, since they think 

that the levels of emission vented to the atmosphere after treatment are much lower 

than the national environmental standard; while Group B gives 0.1, since they believe 

that even though the emission vented to the atmosphere has been treated by specific 

techniques, but there are still some emissions which are not produced by the nature 

instead of industrial production.  

Table 20 . Priorities of two projects in terms of society 

Society 
Public  

health 
Equity 

Living & 

working 

conditions 

Human 

capital &  

institutiona

l capacity 

Rural 

industrializatio

n 

Infrastructur

al 

development 

Criteria 

prioritie

s 

Su
b

-c
ri

te
ri

a 

p
ri

o
ri

ti
es

 

0.4200 0.1689 0.2475 0.0466 0.0260 0.0912  

A
lt

er
n

at
iv

e 
p

ri
o

ri
ti

es
 

H
F

C
2

3
 

0.9 0.2 0.9 0.5 0.2 0.2 0.6813 

H
yd

ro
p

o
w

er
 

0.1 0.8 0.1 0.5 0.8 0.8 0.3189 

 

The criteria priorities (see Table 20) indicate that the HFC23 decomposition project 

contributes more to the society than the small-scale hydropower plant project. Albeit 
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the priorities of the latter are higher than those of the former, regarding equity, rural 

industrialization and infrastructural development, but their lower weighting priorities 

could not affect the final priorities that much. On the contrary, the HFC23 decomposition 

project gets higher scores than the hydropower plant regarding public health and 

improvement of local working and living conditions which both have higher weighting 

priorities.  

Table 21 . Priorities of two projects in terms of economy 

Economy Investment 
Operation 

&maintenance 

Energy 

costs & 

benefits 

CER 

returns 

Local, 

regional 

Energy 

balance Criteria 

priorities 
Sub-criteria 

priorities 
0.4247 0.0779 0.1913 0.0368 0.1913 0.0779 

A
lt

er
n

at
iv

e 

p
ri

o
ri

ti
es

 HFC23 0.3 0.3 0.4 0.6 0.4 0.25 0.3454 

Hydro 

power 
0.7 0.7 0.6 0.4 0.6 0.75 0.6545 

Speaking of the economy, the small-scale hydropower plant project shows a strong 

ability to affect it positively than HFC23 decomposition project from the Group B’s point 

of view (see Table 21). Except for CER returns, the latter does not have any strength to 

win the former. 

Table 22. Priorities of two projects in terms of tech & politics 

Others 
Technological 

change 

Energy 

transition 
Political 

Criteria 

priorities Sub-criteria 

Priorities 
0.6370 0.1047 0.2583 

Alternative 

priorities 

HFC23 0.8 0.1 0.5 0.6492 

Hydro 

power 
0.2 0.9 0.5 0.3508 

In respect of technology and politics (see Table 22), Group B almost draws the same 

conclusion as Group A did, namely the HFC23 decomposition project gets a higher score 

in technological change, but a lower score in energy transition than the small-scale 

hydropower plant project, while the same score in politics. Furthermore, the priority of 

HFC23 decomposition project is greater than that of small-scale hydropower plant 

project. 

Table 23. Final priorities of two projects 

Goal Environment Society Economy Others Final 
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Priorities 0.3825 0.3825 0.1754 0.0596 
priorities 

Criteria 

priorities 

HFC23 0.5394 0.6813 0.3454 0.6492 0.5662 

Hydro 

power 
0.4607 0.3189 0.6545 0.3508 0.4339 

Finally, Group B also offers the decision maker a similar result as Group A that, HFC23 

decomposition project is the one that contributes more to the sustainable development 

in almost each aspect except for the economy (see Table 23). 

5.5 Implications of results 

Theoretically speaking, the results will be more persuasive if the initial information 

from all the seven groups was collected. However, due to several reasons, five of those 

seven groups’ information does not meet the consistency requirement: (1) students may 

not have a holistic understanding about CDM projects and/or the AHP method; and (2) 

the seminar did not offer students adequate time to weigh the importance, which gave 

rise to rough results. Nevertheless, all the judgments were decided by every group 

member, and all the results were made on the basis of group consensus, which is in line 

with the rational of AHP.   

 

The two student groups came to the same conclusion that, the HFC23 decomposition 

projects is better and contribute more to sustainable development than the small-scale 

hydropower plant. When it comes to China’s present policies, these two projects obtain 

different concerns. ‘Measures for operation and management of CDM projects in China’ 

(NCCCC, 2005) indicates that CDM project in terms of small-scale hydropower is one of 

the key fields that the country encourages. Since China’s energy policy explains that over 

development and utilization of energy is one of the primary reasons of climate change 

and environmental contamination (IOSCPRC, 2007). As a type of renewable energy, 

hydropower plants could replace the inefficient and unsustainable thermal power 

plants, on one hand so as to meet the domestic energy supply, on the other hand to 

reduce CO2 emission and achieve sustainable development. In this way, promoting 

small-scale hydropower plants is considered more sustainable than decomposing 

HFC23.  

 

On the contrary, concerning China’s emission reduction policy, HFC23 decomposition 

projects play a significant role in contributing to sustainable development due to its 

large proportion in terms of expected CERs contribution. Nevertheless, projects in this 

category do not have a promising future. Because the number of HFC23 decomposition 

projects is limited. On the other hand, with the gradual diversification of China’s CDM 

projects and the rapid evolvement of renewable energy projects, the proportion of 

HFC23 decomposition projects in issued projects will be decreased step by step (CARCU, 
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2009).    

 

Why does HFC23 decomposition project get higher scores than small-scale hydropower 

plant project in both groups? This conclusion is not accordance with China’s preference 

in reality. These students are well-educated in environmental protection and received 

considerable information about sustainable development, they believe that environment 

is the most crucial aspect that human beings should concern and protect. They mainly 

put their attentions on environment, society, human being, and even the last thing they 

concern is economy. In addition, once when it refers to an issue related to environment, 

these students are always taking a cautious attitude to cope with it. Therefore, they 

think highly of the HFC23 decomposition project rather than the hydropower plant 

project, due to not only the higher final priority but also the higher priority in terms of 

environment, according to the earlier study.  

 

However, decision-makers do not belong to the environmentally benign group, they 

have to focus on plenty of factors, for sure environment is one of which, but its weight 

will be not too much, at least in China nowadays. Besides NGOs, other stakeholders own 

the rest weights to affect the final decision, and their proportions account for a large 

part which could weaken NGOs’ voice without any doubt. Moreover, China is at the stage 

of rapid development, the government takes the economy as the priority rather than 

environment which is mainly cared by NGOs. Hence, if integrating other stakeholders’ 

judgments and opinions into the AHP system, the final priorities must be modified. By 

comparing the sustainability of two typical CDM project activities using AHP, the 

desirable results, the transparent process and the easy way to handle come to another 

conclusion that AHP is applicable to assist in making decisions.  
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6. Discussion 

6.1 Feasibility of improving AHP in theory 

Due to the imperfection of AHP, experts are trying to improve it all the time. Impairing 

subjectiveness, avoiding rank reversal and improving accuracy are crucial research 

topics for AHP and significant for decision-makers when applying it in practice. 

6.1.1 Impairing subjectiveness 

As a multi-criteria approach, AHP is mature, holistic and systematic enough in terms of 

comparing distinct alternatives of a small amount. However, AHP is a quite effective and 

simple tool to make a decision in a relative complicated situation, it is inadvisable to get 

rid of it merely as a result of its subjectiveness. Hereby, looking for other methods to 

complement it is a feasible idea.   

6.1.1.1 DEA/AHP  

Data Envelopment Analysis (DEA) is a method based on liner programming to assess the 

performance efficiency of Decision-Making Units (DMUs) which could include 

manufacturing units, departments of big organizations and even individuals. And the 

performance of DMUs is evaluated by the ratio of total output to total input. 

(Ramanathan, 2003) 

Efficiency =
Output

Input
 

The way that DEA assists AHP in making decision is: 

 Firstly, divide every two of all effective DMUs into a group; 

 Secondly, compare them respectively by using DEA, and create a comparison matrix 

of efficiency values which are given by objective information; 

 Thirdly, make use of AHP to figure out the maximum eigenvalue and its eigenvector. 

 

Since the data used in matrices come from objective information which is output and 

input of DMUs, therefore, the subjectiveness of AHP is eliminated and it is no use to test 

the consistency of matrices either. 

 

In the case of comparing the sustainability contribution between HFC23 composition 

project and small-scale hydropower plant project, the criteria should be re-divided 

according to the concepts of output and input. 

 Output: Impacts on environment (Water, Noise, Air quality, Visual intrusion, 

Biodiversity and land use), impacts on society (Public health, equity, improvement 

of local living and working conditions, human capital & institutional capacity, rural 

industrialization and infrastructural development), impacts on technology 

(technological change and assisting in energy transition) and politics, CER returns, 

energy balance and impacts on local agriculture, regional economy, imports & 

exports and taxes. 
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 Input: Project capital investment, operation & maintenance costs, and energy costs. 

Obviously, the ratio of output to input does not make sense, which indicates that, the 

method of integrating DEA and AHP is not suitable for this very case. Furthermore, if the 

process could continue, it is necessary to figure out every element of output and input in 

monetary way, the data of input elements are not difficult to acquire, but the 

information of output elements are not easy to weigh or convert into monetary terms. 

Hence unfortunately, DEA/AHP fails to assist in making a decision in this case, albeit 

DEA provides an approach to eliminate the subjectiveness of AHP.   

6.1.1.2PCA/AHP 

There is bound to a certain relationship among the criteria which are decomposed from 

the goal, it is not possible to be completely independent from each other, therefore there 

must be overlapped part among them, which gives rise to redundant data so that 

affecting the assessment process and the objectiveness of AHP application. Principle 

Components Analysis supplies us a train of thought to select criteria, and offers an 

approach, which obtains the weights from a case itself according to its performance, to 

reduce the dependence on decision-makers’ subjective judgments in terms of 

multi-alternatives to a certain extent.  

 

Principle Components Analysis (PCA) aims to use the idea of dimensionality reduction 

to convert plenty of indicators into few aggregative indicators, so as to streamline the 

analysis procedure. It is different from AHP that establishes the relationship among 

different criteria in the beginning. In terms of PCA, the first step is creating a 

comparison matrix in the light of ratios of comparing every two of all the alternatives 

with regard to one criterion, figuring out the maximum eigenvalue and its eigenvector. 

The second step is to forge a matrix according to these eigenvectors, and multiply this 

matrix with its transposed matrix, find out the maximum eigenvalue and its 

corresponding eigenvector of the new matrix. The last step is taking the new 

eigenvector as the weights of criteria, getting the final comprehensive performance of 

each alternative, and selecting the best suited one. (Dong et al., 2006) 

 

However, this method does not eliminate the subjectiveness at the root, since the 

judgments offered to the comparison matrices in the light of ratios of comparing every 

two of all the alternatives are still made by people who gives rise to subjectiveness. 

Hence, PCA/AHP method enables to improve the accuracy of final results, but it still 

cannot contribute to eliminate the subjectiveness of AHP. 

6.1.1.3Framework 

No matter whether students or other stakeholders, when they are making a judgment, it 

is impossible to think in a complete objective way. Everyone is always trying to put 

self-interest as the centre as far as possible, unless a framework forces people to think 

and behave objectively. The biggest flaw of AHP is that the judgments are too much 

dependent on people’s experiences and preferences, once someone especially the 

decision-maker has ulterior motives, the outcome will be different. As a result, to impair 
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subjectiveness as far as possible is a profound activity of taking responsibility for other 

stakeholders. So what should be included in the framework? It is discussed below.  

 

The objective of creating the framework is to make the final result correspond to the 

majority’s interests, as long as the decision is in line with the majority’s opinion; this 

means that the subjectiveness is negligible. Generally speaking, to avoid wasting time 

and streamline the whole process of research, it is not necessary to make explanations 

under every judgment when applying AHP. But if one of the results made by AHP 

assessment is different from the majority’s point of view, explanations under every 

judgment are imperative. If the clarification is accepted by the majority and they believe 

that the differences make sense, in this case the outcome will not be modified. 

Otherwise, the judgments ought to be modified under supervision. 

 

In the light of the above outcomes made by two groups of students and the realistic 

development of the two CDM project activities, clear discrepancy turns up. Hereby at 

this time, the two groups should make a detailed explanation why they believe that the 

importance of environment and society is greater than that of economy and so on. 

 

Without any doubt, the framework must be implemented under a transparent and fair 

circumstance, otherwise, dictatorship will destroy all the objectiveness. Furthermore, a 

third party, who has interests related to neither developers nor investors of CDM 

projects, is imperative to do the research job. However, the moral and ethics of the 

informants are undergoing the test at any time, hence it cannot be assured that the 

judgments are completely objective all the time. 

6.1.2 Avoiding rank reversal 

As is mentioned above, rank reversal is an unavoidable problem when applying AHP, but 

a few of experts are still trying to solve this difficulty all the time. Wang and Elhag (2006) 

offer an approach to successfully resolve this problem, which is mentioned in their 

article, see ‘An approach to avoiding rank reversal in AHP’. 

6.1.3 Improving accuracy  

The fundamental scale set by Saaty ranges from 1 to 9 when it comes to making 

judgments, but some experts believe that this method is not precise enough and could 

be improved by other ways, such as scale from e0γ  to e8γ , scale from 1 to 3 and so on.  

 

Scale from e0γ  to e8γ  takes a ratio feature which is in line with the demand that AHP 

tries to get the ratio information of the relative importance, however, the scale is not 

easy to be understood by informants and handled by researchers especially by who are 

not well-trained in statistics and mathematics. The stakeholders of CDM projects include 

all walks of life, they are not possible to understand this set of scale instead of the simple 

one from 1 to 9, hence this method may lead to more complicated research process and 
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less accurate outcomes in the CDM case, but it cannot be denied that scale from e0γ  to 

e8γ  is better than that from 1 to 9 when it comes to academic study. 

 

On the other side, scale from 1 to 3 could lead to smaller differences among judgments 

compared with that from 1 to 9, which is helpful to obtain more precise results. 

Nevertheless, scale from 1 to 3 is not suitable for people to express slight preferences 

within a relative narrow range, but if the scale is from 1 to 9, the slight preferences could 

turn out to be a clear discrepancy in a numerical way, instead, which enables to get more 

accurate judgments from people.  

6.2 Difficulties of AHP application  

In theory, the weaknesses of AHP could be improved by certain methods, which are 

mentioned above. On the other side, in practice, what kind of difficulties may turn up 

and how to avoid these difficulties should be paid attention, combining the case study 

mentioned earlier, discussions will be carried out as follows.    

6.2.1 Converting realistic issues to AHP structure 

After AHP is chosen as the tool of assisting in making a decision, there turns up another 

problem which is how to appropriately convert the real issue to a relative suitable AHP 

structure, especially when it refers to a complicated decision. This case study is a 

relative complicated issue, since it includes various criteria as well as sub-criteria when 

creating its AHP structure. The simple part of the decision in this case study refers to the 

identification of goal and alternatives, while in terms of criteria and sub-criteria, 

researchers need to choose what is highly relevant to the issue.  

 

In this case, the first step of creating AHP structure is not difficult. Since the 

fundamental criteria are fixed in the light of the existing sustainable development 

criteria. Furthermore, it is not easy to set sub-criteria based on the criteria, since it is up 

to the specific atmosphere in a host country in terms of national policies, local 

regulations and present condition of development. Different from the conceptual 

framework, the case study refers to 21 sub-criteria which lead to a more holistic and 

deeper sustainability assessment. Besides, Corporate Social Responsibility (CSR), which 

is included in the conceptual framework, is not mentioned in the case study. Because it 

has not been paid much attention to in China nowadays, students believe that CDM 

projects will not contribute to it. That is, in China, with respect to sustainability 

assessment, CSR is not highly relevant. There are a few of other aspects which should be 

considered deliberately before setting as a criterion for AHP. 

6.2.2 Collecting desirable information 

Since AHP enables to gather opinions from various groups and people, it could provide 

researchers a very good platform to obtain initial data with high quality. Nevertheless, 
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this expectation may be affected by some realistic factors. As is mentioned earlier, seven 

groups’ information is obtained for the case study, whereas only two groups’ 

information is useable. This fact not only decreases the size and quality of collected data, 

but also directly affects the accuracy of final results. Through analysis, it is believed that 

no sufficient understandings of the study object and the research method, as well as no 

adequate time lead to limited useable data. Hence, to avoid this problem, it is crucial to 

first select the groups who are highly relevant to the issue. In addition, researchers need 

to offer people appropriate time so that they can get a holistic picture of the study object. 

In this way, the accuracy of the initial data collected from these people could be 

reasonable.    

6.2.3 Considerable criteria and sub-criteria 

A large amount of criteria and sub-criteria will give rise to plenty of calculation work, 

although there are only two alternatives in the case study, yet four criteria and 21 

sub-criteria form 26 pairwise comparison matrices. Furthermore, consistency rate of 

each matrix is needed to be figured out. Once every matrix is consistent, all the 

judgments are desirable. Next, it is time to calculate priorities according to preferences. 

The process of calculating the maximum eigenvalue and the corresponding eigenvector 

is assisted by software, work load at this step is tolerable. But to figure out the overall 

ranking weight of the alternatives between each sub-criterion in the criteria level and 

the goal, it is carried on without the help of computer, this step increases the complexity 

and work load. That is, when it comes to a complicated issue with several alternatives, 

researchers’ work load will be heavy, the possibility of making mistakes will rise, and 

even the study process is beyond mankind’s ability. However, this problem is hardly to 

solve. 

6.3 CDM and AHP 

At the key phase of evolvement of economy and society, China is facing two significant 

challenges at the very moment: on the one side, it has to face the internal pressure 

concerning increasing people’s standard of living conditions and fulfilling people’s 

increasing consumption levels; on the other side, it also has to face the international 

stress in respect of saving energy and reducing emissions. Under such circumstances, 

CDM provides China with the opportunities to handle these two challenges 

simultaneously. Since CDM projects could not only mitigate regional energy shortage 

with low costs, but also decline CO2 emission, which is a positive choice for China today. 

Whereas, the premise of developing CDM projects in China should be promoting energy 

related ones like small-scale hydropower plants as many as possible, instead, the scale 

of projects like HFC23 decomposition which are not able to solve the local energy 

problem should not be too large. Since energy related CDM projects could not only solve 

energy shortage, but also contribute to reduce CO2 emission. That is, this kind of 

projects leads to a win-win situation that handling China’s two challenges with low costs 

simultaneously. On the other hand, HFC23 decomposition is able to contribute to 
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emission reduction. 

 

Furthermore, CDM brings up-to-data energy technologies to China, which establishes a 

good foundation for the future emission reduction work. What’s more, AHP is capable of 

being considered as an effective method to evaluate and select energy related projects, 

and being applied widely.    

 

Now that AHP could be used as the approach to assist in making decisions as stated 

above, who is the one to apply it among various stakeholders? Who is the 

decision-maker? Concerning the establishment of CDM projects in China, Chinese 

government, including NDRC and local government, project owners, CERs buyers, 

Designated Operational Entity (DOE), NGOs, consulting agencies, and local residents are 

involved. However, only some of the stakeholders care whether it is necessary to make 

use of AHP to assist in making decisions, especially when assessing and comparing 

contribution to sustainable development by different CDM projects.  

 

What project owners’ concern is trying their best to make the project approved and 

competing with other project owners. They do not care whether the contribution of 

their own projects to sustainable development is more than the others’, as long as they 

could obtain supports from CDM and the government and get benefits. Moreover, CERs 

buyers have no need to care which CDM projects enable to contribute more to China’s 

sustainable development. As long as they can get CERs from China, they are able to 

protect their own interests and keep their countries’ development. DOE and consulting 

agencies play a specific role in their own fields, since they are independent and finite in 

terms of affecting approval of CDM projects. NDRC is a national committee, who is in 

charge of affairs in a macro way and is impossible to know a holistic and concrete 

picture of every city and region. Due to China’s vast territory, it does not have the ability 

to assess and compare the contribution to sustainable development from different 

projects in some city or region.  

 

On the contrary, the local government, local residents and NGOs are the ones who are 

willing to take AHP as a tool of making decisions. The local government, as the real 

decision-maker, could take advantage of AHP to select the most suited and sustainable 

CDM projects by comparison for the local development, even though the third party is 

more objective. Although local residents do not have too much power to affect a decision, 

yet they actively require to participant in the process of AHP assessment, so as to 

supervise the government’s decisions and protect their own benefits. As experts, NGOs 

could make use of AHP to supervise the government’s decisions and supply suggestions 

as well. 

 

Since AHP is a multi-criteria method, it could easily solve problems with 

multi-dimensions. But the process is relative simple and the matrix calculation is a little 
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complicated, therefore it is very suitable for the comparison among few alternatives. 

Taking China as an example, if a place is ideal for several types of CDM projects, 

decision-makers could make use of AHP to pick out the best suited one among them. 

Meanwhile, if decision-makers and related staff are not well-trained in using analyzing 

approaches with high and specific knowledge requirements, AHP could be a desirable 

choice, as a result of its simple and transparent features. In particular, AHP is in line with 

Chinese traditional thinking route and China’s education level. Due to AHP’s ability of 

comparing discrepant choices, decision-makers at least have regulations to abide by 

when coping with complicated problems, in terms of energy and environment domain. 

Hence, so as to make sure the application of AHP when it comes to implementing related 

projects, relevant regulations need to be established, which not only ends up with 

rational and desirable decisions, but also promotes the implementation of scientific 

outlook on development.       
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7. Conclusion 
With the help of AHP, the case study draws a conclusion that CDM contributes to 

sustainable development in China with no doubt, when it comes to these two typical 

CDM projects, the HFC23 decomposition project performed better than the small-scale 

hydropower plant as regard sustainable development. Nevertheless the main reason is 

that the groups involved in the research process are well-educated in sustainable 

development concept, and therefore they put emphasis on environmental benefits and 

social benefits instead of on economic benefits. On the contrary, from decision-makers’ 

point of view, economic benefits take priority over others as a matter of fact. In spite of 

that, AHP is proved applicable in the case study. Although there may be difficulties 

unavoidable in applying AHP, the rationality and validity of results from AHP analysis 

are not affected. In addition, there is no denial that AHP also has some weaknesses and 

this thesis also analyzes how to reform the method in principle to make full use of it 

capacity to assist in decision making.  

 

The future study could be carried on in terms of comparison of other CDM projects, and 

figure out whether AHP is able to assist in making rational decisions. Furthermore, 

China still has a long way to go, if it wants to promote methods like AHP and assist 

decision-makers in a better way. First of all, the government needs to further polish the 

social supervision system; Secondly, the scientific outlook on development should be 

strictly implemented in all the aspects of society; Lastly, the level of public justice needs 

be improved and the stakeholders as more as possible should better be involved in the 

decision-making process.  
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Appendix I 

Group 1 

Table 1 

CE for 

industrialized 

countries 

SD in 

developing  

    CE for industrialized 

countries  1/5 

    SD in 

developing  5     

     

       Table 2 Environment Society Economy Others 

  Environmen

t 

 

 1/7  1/5  1/3 

  Society 7     

 

3     3     

  Economy 5      1/3 

 

 1/3 

  Others 3      1/3 3     

   

       Table 3 

      

 

Project capital Operation 

Energy 

costs 

CER 

return

s 

Local 

agricultur

e 

Energy 

balanc

e 

Project 

capital    1/5  1/3 5.00 0.11 3.00 

Operation 5.00    1/3 3.00 0.33 3.00 

Energy 

costs 3.00 3.00   5.00 0.20 3.00 

CER returns  1/5  1/3  1/5   1 0.33 

Local 

agricultur

e 9.00 3.00 5 1.00   5.00 

Energy 

balance  1/3  1/3  1/3 3.00 0.20   

       

Table 4 Health Equity 

Local 

living 

conditions 

Human 

capita

l 

Rural 

industrial

ization 

Infras

tructu

re 

Health 

 

7     3     9     5     7     

Equity  1/7 

 

 1/5  1/3  1/3  1/3 

Local 

living  1/3 5     

 

5     3     3     



 

39 
 

conditions 

Human 

capital  1/9 3      1/5 

 

 1/5  1/3 

Rural 

industrial

ization  1/5 3      1/3 5     

 

1     

Infrastruc

ture  1/7  1/3  1/3 3     1     

 

       

Table 5 Water Noise Air Visual 

Biodiversi

ty 

Land 

use 

Water 

 

3      1/3 9     3     3     

Noise  1/3 

 

 1/3 5      1/3 3     

Air 3     3     

 

9     7     7     

Visual  1/9  1/5  1/9 

 

 1/5  1/3 

Biodiversi

ty  1/3 3      1/7 5     

 

3     

Land use  1/3  1/3  1/7 3      1/3 

 

       

Table 6 

Technological 

change 

Transition 

away from 

FF Political 

   Technologi

cal change 

 

7     3     

   Transition 

away from 

FF  1/7 

 

3     

   Political  1/3  1/3 

    

       Table 7 

 

Chemical Hydro 

   Category Impact 306 2255 

   Economic 1 80 60 

   

 

2 60 30 

   

 

3 20 90 

   

 

4 90 10 

   

 

5 30 10 

   

 

6 5 80 

   Environmen

tal 1 30 70 

   

 

2 30 30 

   

 

3 30 0 

   

 

4 0 30 
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5 5 50 

   

 

6 10 50 

   Social 1 2 2 

   

 

2 10 10 

   

 

3 20 20 

   

 

4 15 20 

   

 

5 10 20 

   

 

6 5 20 

   Others 1 50 10 

   

 

2 0 90 

   

 

3 50 50 

   
Group 2 
Table 1 the dual-aims of CDM projects 

 CE for industrialized 

countries 

SD in developing countries 

CE for industrialized 

countries 

 1/3 

SD in developing countries 3  

 

Table 2 Four categories of SD regarding CDM in developing countries 

 Environment Society Economy Others 

(Tech+Political) 

Environment  3 9 5 

Society 1/3  7 3 

Economy 1/9 1/7  1/5 

Others 

(Tech+Political) 

1/5 1/3 5  

 

Table 3 Comparison between environmental impacts  

 Water  Noise  Air 

quality 

Visual 

intrusion 

biodiversity Land use and 

soil erosion 

and 

contamination 

Water  9 1 7 3 5 

Noise 1/9  1/9 1/3 1/7 1/5 

Air quality 1 9  7 3 5 

Visual 

intrusion 

1/7 3 1/7  1/5 1/3 

biodiversity 1/3 7 1/3 5  3 

Land use and 1/5 5 1/5 3 1/3  
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soil erosion 

and 

contamination 

  

Table 4 Comparison between social impacts  

 Publi

c 

healt

h 

Equit

y 

Improveme

nt of local 

living and 

working 

conditions 

Impacts on 

Human 

capital and 

institution

al capacity 

Rural 

industrializatio

n 

Infrastructur

al 

development 

Public health  7 3 9 5 5 

Equity 1/7  1/5 3 1/3 1/3 

Improvement 

of local living 

and working 

conditions 

1/3 5  7 3 3 

Impacts on 

Human capital 

and 

institutional 

capacity 

1/9 1/3 1/7  1/5 1/5 

Rural 

industrializatio

n 

1/5 3 1/3 5  1 

Infrastructural 

development 

1/5 3 1/3 5 1  

 

Table 5 Comparison between economic impacts 

 Project 

capital 

investment 

Operation 

and 

maintenance 

Energy 

costs and 

benefits 

CER 

returns  

Project 

economic 

impacts on 

local 

agriculture, 

regional 

economy, 

imports & 

exports and 

taxes 

Energy 

balance 

Project 

capital 

investment 

 1 1/3 1/3 1/5 3 

Operation 1  1/3 1/3 1/5 3 
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and 

maintenance 

Energy costs 

and benefits 

3 3  1 1/3 5 

CER returns  3 3 1  1/3 5 

Project 

economic 

impacts on 

local 

agriculture, 

regional 

economy, 

imports & 

exports and 

taxes 

5 5 3 3  7 

Energy 

balance 

1/3 1/3 1/5 1/5 1/7  

 

Table 6 Comparison between impacts in the group of others 

 Technological 

change 

Assisting in the 

transition away 

from fossil fuels 

and promoting 

renewable 

Political  

Technological 

change 

 1 3 

Assisting in the 

transition away 

from fossil fuels 

and promoting 

renewable 

1  3 

Political  1/3 1/3  

 

Table 7 Comparison between the two sample projects 

Category Impacts Score 

0306 2255 

Economic Project capital 

investment 

20 70 

Operation and 

maintenance 

20 70 

Energy costs and benefits 30 20 

CER returns 90 50 
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Project economic impacts 

on local agriculture, 

regional economy, 

imports & exports and 

taxes 

60 80 

Energy balance 5 90 

Environmental Water 10 10 

Noise 25 5 

Air quality 5 20 

Visual intrusion 0 60 

biodiversity 0 90 

Land use and soil erosion 

and contamination 

5 80 

Social Public health 10 5 

Equity 5 50 

Improvement of local 

living and working 

conditions 

10 80 

Impacts on Human 

capital and institutional 

capacity 

5 5 

Rural industrialization 0 50 

Infrastructural 

development 

5 80 

Others Technological change 70 10 

Assisting in the transition 

away from fossil fuels and 

promoting renewable 

5 95 

Political 20 30 

Group 3 

  

CE for industrialized 

countries 

SD in developing 

countries 

CE for industrialized 

countries X 0.33 

SD in developing countries 3 X 

 
  Environment Society Economy Others (Tech + Political) 

Environment X 3.00 0.33 7.00 

Society 0.33 X 0.33 3.00 
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Economy 3.00 3.00 X 7.00 

Others (Tech + Political) 0.14 0.33 0.14 X 

 
Environmental 1 2 3 4 5 6 

1 X 9.00 1.00 9.00 0.33 1.00 

2 0.11 X 0.11 0.11 0.11 0.11 

3 1.00 9.00 X 9.00 0.33 5.00 

4 0.11 9.00 0.11 X 0.11 0.11 

5 3.00 9.00 3.00 9.00 X 1.00 

6 1.00 9.00 0.20 9.00 1.00 X 

 
Economic 1 2 3 4 5 6 

1 X 1.00 3.00 3.00 0.14 0.33 

2 1.00 X 1.00 0.20 0.14 3.00 

3 0.33 1.00 X 0.20 0.14 3.00 

4 0.33 5.00 5.00 X 0.20 1.00 

5 7.00 7.00 7.00 5.00 X 7.00 

6 3.00 0.33 0.33 1.00 0.14 X 

 
Social 1 2 3 4 5 6 

1 X 3.00 3.00 5.00 5.00 1.00 

2 0.33 X 0.33 3.00 3.00 1.00 

3 0.33 3.00 X 3.00 3.00 1.00 

4 0.20 0.33 0.33 X 1.00 0.20 

5 0.20 0.33 0.33 1.00 X 1.00 

6 1.00 1.00 1.00 5.00 1.00 X 

 
Others 1 2 3 

1 X 0.20 1.00 

2 5.00 X 1.00 

3 1.00 1.00 X 

 
Category Impacts Score 

    306 2255 

Economic 

1 60 70 

2 30 30 
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3 20 50 

4 100 20 

5 40 50 

6 20 30 

Environmental 

1 10 70 

2 4 4 

3 40 10 

4 10 30 

5 10 5* 

6 20 45 

Social 

1 15 0 

2 9 12 

3 13 17 

4 11 7 

5 30 40 

6 0 70 

Others 

1 20 20 

2 0 50 

3 20 10 

Group 4 
Table 1: the dual-aims of CDM projects 

 CE for industrialized countries SD in developing countries 

CE for industrialized countries  1/7 

SD in developing countries 7  

 

Table 2: Four categories of SD regarding CDM in developing countries 

 Environment Society Economy Others 

(tech+political) 

Environment  1/5 1 3 

Society 5  5 7 

Economy 1 1/5  3 

Others 

(tech+political) 

3/1 1/7 1/3  

 

Table 3: Comparison between economic impacts 

Economic 

categories 

1.  2.  3.  4.  5.  6.  

1.   5 5 5 1/3 5 

2.  1/5  3 3 1/5 3 

3.  1/5 1/3  1 1/5 3 
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4.  1/5 1/3 1  1/9 1/9 

5.  3 5 5 9  9 

6 1/5 1/3 1/3 9 1/9  

 

Table 4: Comparison between environmental impacts 

Environmental 

categories 

1.  2.  3.  4.  5.  6.  

1.   9 5 9 3 5 

2.  1/9  1/9 5 1/9 1/9 

3.  1/5 9  9 1/3 3 

4.  1/9 1/5 1/9  1/9 1/9 

5.  1/3 9 3 9  5 

6. 1/5 9 1/3 9 1/5  

 

Table 5: Comparison between social impacts 

Social 

categories 

1.  2.  3.  4.  5.  6.  

1.   3 5 7 9 9 

2.  1/3  3 3 5 5 

3.  1/5 1/3  3 5 5 

4.  1/7 1/3 1/3  1 1 

5.  1/9 1/5 1/5 1  1 

6. 1/9 1/5 1/5 1 1  

 

Table 6: Comparison between impacts in the group of others 

Others 1.  2.  3.  

1.   3 1 

2.  1/3  1/3 

3.  1 3  

 

Table 7: Comparison between two sample projects 

Category Impacts Score 

0306 

HFC 

2255 

Hydro 

Economic 1  70 100 

2 30 10 

3 70 30 

4 80 30 

5 40 80 

6 0 20 

Environmental 1 10 100 
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2 30 50 

3 100 0 

4 0 80 

5 0 60 

6 0 100 

Social 

 

1 100 0 

2 50 50 

3 80 80 

4 70 50 

5 10 80 

6 30 90 

Others 1 80 70 

2 0 100 

3 100 100 

Group 5 
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Category Impacts Score 0306 Score2255 

Economic 1 30 70 

2 30 70 

3 60 40 

4 60 40 

5 40 60 

6 30 70 

Environmental 1 10 90 

2 90 10 

3 95 5 

4 50 50 

5 20 80 

6 30 70 

Social 1 90 10 

2 20 80 

3 90 10 

4 50 50 

5 20 80 
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6 20 80 

Other 1 80 20 

2 10 90 

3 50 50 

Group 6 
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Group 7
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Appendix II 
Table a. Pairwise comparison of two projects in terms of water*   

C1 D1 D2 Priorities 

D1 1 1 0.5 

D2 1 1 0.5 

*This series of tables are converted from the table 7 in Appendix I. 

λmax = 2    CR= 0 

Table b. Pairwise comparison of two projects in terms of noise 

C2 D1 D2 Priorities 

D1 1 1/5 0.1667 

D2 5 1 0.8333 

λmax = 2   CR= 0 

Table c. Pairwise comparison of two projects in terms of air quality 

C3 D1 D2 Priorities 

D1 1 4 0.8 

D2 1/4 1 0.2 

λmax = 2   CR= 0 

Table d. Pairwise comparison of two projects in terms of visual intrusion  

C4 D1 D2 Priorities 

D1 1 9 0.9 

D2 1/9 1 0.1 

λmax = 2   CR= 0 

Table e. Pairwise comparison of two projects in terms of biodiversity 

C5 D1 D2 Priorities 

D1 1 9 0.9 

D2 1/9 1 0.1 

λmax = 2   CR= 0 

Table f. Pairwise comparison of two projects in terms of land use 

C6 D1 D2 Priorities 

D1 1 9 0.9 

D2 1/9 1 0.1 

λmax = 2   CR= 0 
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Table g. Pairwise comparison of two projects in terms of public health 

C7 D1 D2 Priorities 

D1 1 2 0.6667 

D2 1/2 1 0.3333 

λmax = 2   CR= 0 

Table h. Pairwise comparison of two projects in terms of equity 

C8 D1 D2 Priorities 

D1 1 1/9 0.1 

D2 9 1 0.9 

λmax = 2   CR= 0 

Table i. Pairwise comparison of two projects in terms of improvement of local working and living 

conditions 

C9 D1 D2 Priorities 

D1 1 1/8 0.1111 

D2 8 1 0.8889 

λmax = 2   CR= 0 

Table j. Pairwise comparison of two projects in terms of human capital and institutional capacity 

C10 D1 D2 Priorities 

D1 1 1 0.5 

D2 1 1 0.5 

λmax = 2   CR= 0 

Table k. Pairwise comparison of two projects in terms of rural industrialization 

C11 D1 D2 Priorities 

D1 1 1/9 0.1 

D2 9 1 0.9 

λmax = 2   CR= 0 

Table l. Pairwise comparison of two projects in terms of infrastructural development 

C12 D1 D2 Priorities 

D1 1 1/9 0.1 

D2 9 1 0.9 

λmax = 2   CR= 0 
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Table m. Pairwise comparison of two projects in terms of project capital investment 

C13 D1 D2 Priorities 

D1 1 2/7 0.2222 

D2 7/2 1 0.7778 

λmax = 2   CR= 0 

Table n. Pairwise comparison of two projects in terms of operation and maintenance costs 

C14 D1 D2 Priorities 

D1 1 2/7 0.2222 

D2 7/2 1 0.7778 

λmax = 2   CR= 0 

Table o. Pairwise comparison of two projects in terms of energy costs and benefits 

C15 D1 D2 Priorities 

D1 1 3/2 0.6 

D2 2/3 1 0.4 

λmax = 2   CR= 0 

Table p. Pairwise comparison of two projects in terms of CER returns 

C16 D1 D2 Priorities 

D1 1 9/5 0.6429 

D2 5/9 1 0.3571 

λmax = 2   CR= 0 

Table q. Pairwise comparison of two projects in terms of local agriculture, regional economy, 

imports & exports and taxes 

C17 D1 D2 Priorities 

D1 1 3/4 0.4286 

D2 4/3 1 0.5714 

λmax = 2   CR= 0 

Table r. Pairwise comparison of two projects in terms of energy balance 

C18 D1 D2 Priorities 

D1 1 1/9 0.1 

D2 9 1 0.9 

λmax = 2   CR= 0 

 

 



 

57 
 

Table s. Pairwise comparison of two projects in terms of technological change 

C19 D1 D2 Priorities 

D1 1 7 0.875 

D2 1/7 1 0.125 

λmax = 2   CR= 0 

Table t. Pairwise comparison of two projects in terms of assisting in energy transition 

C20 D1 D2 Priorities 

D1 1 1/9 0.1 

D2 9 1 0.9 

λmax = 2   CR= 0 

Table u. Pairwise comparison of two projects in terms of politics 

C21 D1 D2 Priorities 

D1 1 2/3 0.4 

D2 3/2 1 0.6 

λmax = 2   CR= 0 
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Appendix III 
Table a. Pairwise comparison of two projects in terms of water

C1 D1 D2 Priorities 

D1 1 9 0.9 

D2 1/9 1 0.1 

λmax = 2   CR= 0 

Table b. Pairwise comparison of two projects in terms of noise 

C2 D1 D2 Priorities 

D1 1 1 0.5 

D2 1 1 0.5 

λmax = 2  CR= 0 

Table c. Pairwise comparison of two projects in terms of air quality 

C3 D1 D2 Priorities 

D1 1 1/9 0.1 

D2 9 1 0.9 

λmax = 2   CR= 0 

Table d. Pairwise comparison of two projects in terms of visual intrusion  

C4 D1 D2 Priorities 

D1 1 1 0.5 

D2 1 1 0.5 

λmax = 2    CR= 0 

Table e. Pairwise comparison of two projects in terms of biodiversity 

C5 D1 D2 Priorities 

D1 1 1/4 0.2 

D2 4 1 0.8 

λmax = 2   CR= 0 

Table f. Pairwise comparison of two projects in terms of land use 

C6 D1 D2 Priorities 

D1 1 7/3 0.7 

D2 3/7 1 0.3 

λmax = 2   CR= 0 
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Table g. Pairwise comparison of two projects in terms of public health 

C7 D1 D2 Priorities 

D1 1 9 0.9 

D2 1/9 1 0.1 

λmax = 2    CR= 0 

Table h. Pairwise comparison of two projects in terms of equity 

C8 D1 D2 Priorities 

D1 1 1/4 0.2 

D2 4 1 0.8 

λmax = 2   CR= 0 

Table i. Pairwise comparison of two projects in terms of improvement of local working and living 

conditions 

C9 D1 D2 Priorities 

D1 1 9 0.9 

D2 1/9 1 0.1 

λmax = 2   CR= 0 

Table j. Pairwise comparison of two projects in terms of human capital and institutional capacity 

C10 D1 D2 Priorities 

D1 1 1 0.5 

D2 1 1 0.5 

λmax = 2   CR= 0 

Table k. Pairwise comparison of two projects in terms of rural industrialization 

C11 D1 D2 Priorities 

D1 1 1/4 0.2 

D2 4 1 0.8 

λmax = 2   CR= 0 

Table l. Pairwise comparison of two projects in terms of infrastructural development 

C12 D1 D2 Priorities 

D1 1 1/4 0.2 

D2 4 1 0.8 

λmax = 2   CR= 0 
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Table m. Pairwise comparison of two projects in terms of project capital investment 

C13 D1 D2 Priorities 

D1 1 3/7 0.3 

D2 7/3 1 0.7 

λmax = 2   CR= 0 

Table n. Pairwise comparison of two projects in terms of operation and maintenance costs 

C14 D1 D2 Priorities 

D1 1 3/7 0.3 

D2 7/3 1 0.7 

λmax = 2   CR= 0 

Table o. Pairwise comparison of two projects in terms of energy costs and benefits 

C15 D1 D2 Priorities 

D1 1 2/3 0.4 

D2 3/2 1 0.6 

λmax = 2   CR= 0 

Table p. Pairwise comparison of two projects in terms of CER returns 

C16 D1 D2 Priorities 

D1 1 3/2 0.6 

D2 2/3 1 0.4 

λmax = 2   CR= 0 

Table q. Pairwise comparison of two projects in terms of local agriculture, regional economy, 

imports & exports and taxes 

C17 D1 D2 Priorities 

D1 1 2/3 0.4 

D2 3/2 1 0.6 

λmax = 2   CR= 0 

Table r. Pairwise comparison of two projects in terms of energy balance 

C18 D1 D2 Priorities 

D1 1 1/3 0.25 

D2 3 1 0.75 

λmax = 2   CR= 0 
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Table s. Pairwise comparison of two projects in terms of technological change 

C19 D1 D2 Priorities 

D1 1 4 0.8 

D2 1/4 1 0.2 

λmax = 2   CR= 0 

Table t. Pairwise comparison of two projects in terms of assisting in energy transition 

C20 D1 D2 Priorities 

D1 1 1/9 0.1 

D2 9 1 0.9 

λmax = 2   CR= 0

Table u. Pairwise comparison of two projects in terms of politics 

C21 D1 D2 Priorities 

D1 1 1 0.5 

D2 1 1 0.5 

λmax = 2   CR= 0 
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