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Highlights  
• This study prioritizes renewable energy sources to achieve sustainable development in Türkiye using the fuzzy AHP method. 
• We analyze five main criteria, thirty sub-criteria and five renewable energy sources. 
• We also analyzed which renewable energy source is the best option for each main and sub-criteria. 
• The results show that the most important main criteria for renewable energy investments in Türkiye are economic, political, 

technical, environmental and social criteria, respectively.  
• The most suitable renewable energy sources for Türkiye are solar, wind, hydroelectric, biomass and geothermal, respectively. 
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sustainable development goals in Türkiye: Based on fuzzy AHP approach. Int J Energy Studies 2024; 9(4): 809-847. 

ABSTRACT 

The aim of this study is to prioritize renewable energy sources to achieve sustainable development in Türkiye by using 
fuzzy AHP method. In our study, we used 30 criteria that affect the investment in renewable energy sources. We also 
calculated the weights of these criteria in investment decisions. In addition, we analyzed the advantageous renewable 
energy sources according to each criterion. Thus, it was determined which renewable energy source is advantageous 
according to which criteria. The results show that the most important main criteria for renewable energy investments in 
Türkiye are economic, political, technical, environmental and social criteria, respectively. The most appropriate 
renewable energy sources according to economic, political, technical and social criteria are solar, wind, hydroelectric, 
biomass and geothermal respectively. 
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1. INTRODUCTION 

Currently, it is widely accepted that the growth policies pursued since the industrial revolution are 

no longer sustainable. Because the pressure on the environment caused by production based on 

fossil resources has increased to levels that cannot be ignored and endanger future generations. In 

addition, the economic growth efforts of developing countries further increase the global pressure 

on natural resources [1]. Energy use cannot be abandoned despite increasing environmental 

pressures. Because energy is very important not only for industry but also for daily life. The level 

of civilization advances with energy use. Therefore, the total amount of energy demanded is 

increasing every day. Countries also need energy to maintain their current level of welfare. 

Countries do not want to compromise the level of prosperity they have reached. Therefore, the 

amount of energy consumed is not decreasing and it is estimated that it will not decrease in the 

future. Indeed, projections for 2050 indicate that fossil fuels will continue to be used to meet most 

of the world's energy demand [2]. As a result, natural resources such as soil, air and water are 

becoming more and more polluted and threatening life [3].  Thus, the perspective that development 

can only be measured by economic growth has been questioned and the concept of sustainable 

development has emerged. Because this decision also has economic, social and environmental 

impacts. Hence, only giving importance to one of these impacts in decision-making has 

unsustainable consequences. In other words, sustainable development has three dimensions: 

economic, social and environmental [4]. Environmental sustainability focuses on the quality of the 

environment and natural resources necessary to meet people's needs, maintain quality of life and 

sustain economic activities. Social sustainability focuses on issues such as human rights, social 

equality and social justice. Economic sustainability focuses on the protection of natural, social and 

human capital, economic growth and economic stability. To achieve sustainable development, 

there must be harmony between these dimensions and successfully balance them. One dimension 

of sustainable development should not undermine the other [5].  

 

Sustainable development is an important goal for both developed and developing countries. It is 

especially important for developing countries. Developing countries face challenging problems 

such as tackling environmental problems, reducing poverty and sustaining economic growth. On 

the other hand, climate change, global warming and the destruction of the ozone layer are among 

the prominent problems in sustainability [4], [6]. For a sustainable environment, rational use of 

renewable energy resources and limited use of fossil energy resources are required [7]. Since the 
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economy and the environment are closely related, it is impossible to consider the environment 

separately from the economy. Therefore, effective use of natural resources and the environment is 

very important for sustainable economic growth and sustainable development. Because there is a 

very close relationship between environmental pollution, natural resources and economy. 

Increased economic activity leads to environmental problems, and increased environmental 

problems damage the economy and infrastructure. Thus, while economic activities cause 

environmental pollution, environmental pollution leads to increased economic and social costs. 

 
The increasing importance of sustainable development has also brought the measurement methods 

of this concept to the agenda. Early studies in the literature measured sustainable development 

with Gross Domestic Product (GDP) per capita.  However, over time, it was realized that this 

single indicator was insufficient to represent all dimensions of development. In order to overcome 

this deficiency, the Human Development Index was created by adding indicators that increase 

physical and social welfare. In later studies, indicators such as education, health, resource 

consumption and environmental degradation were added to the Human Development Index to 

measure sustainable development more comprehensively [8]. More recently, energy and 

environmental indicators such as per capita electricity consumption, energy intensity and carbon 

emissions have been included in the Human Development Index calculations [9]. Because energy 

is at the center of economic, social and environmental dimensions of sustainable development [10]. 

At this point, the importance of renewable energy sources emerges. Unlike fossil fuels, renewable 

energy sources are inexhaustible and their destructive impact on the environment is very limited. 

In addition, renewable energy resources can contribute to sustainable energy and energy security 

[11]. Investing in renewable energy resources in Türkiye is expected to increase both energy 

supply security and support environmental sustainability. Therefore, in our study, we analyzed the 

most suitable renewable energy source to be invested in Türkiye for sustainable development.  

 
This study can contribute to the literature in at least four ways: (1) To the best of our knowledge, 

the number of studies prioritizing renewable energy resources for sustainable development in 

Türkiye is quite limited. This study aims to improve the literature on this field. (2) A wider set of 

criteria was used compared to previous studies. This allows for a more comprehensive approach 

to the evaluation of renewable energy sources. The use of 30 criteria under 5 dimensions expands 

the scope of the analysis in the literature and provides a more detailed perspective. This set of 
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criteria, which is based on expert opinions, allows for a more in-depth evaluation of decision-

making processes in the field of renewable energy. (3) By using the Fuzzy AHP method, 

uncertainties and subjective judgments are addressed more sensitively compared to the classic 

AHP method in the literature. This method makes a methodological contribution to the literature 

with the use of fuzzy logic in the field of sustainable development. (4) The sensitivity analysis 

conducted in the study tested the validity of the results and evaluated the robustness of the findings. 

This analysis provides another methodological contribution to the literature by revealing the 

reliability of the model and the impact of variables in the decision-making process. 

 
The rest of the study is organized as follows. Section 2 presents the literature review, Section 3 the 

data and methodology, Section 4 the results and discussion, Section 5 the policy implications and 

Section 6 the conclusion. 

 
2. LITERATURE REVIEW 

The environmental problems caused by energy use resulting from the increase in production and 

consumption have made it clear that the current situation is unsustainable. Therefore, the necessity 

of a sustainable world order has come to the agenda. It is thought that renewable energy resources 

can be a solution to ensure sustainability. For this reason, the number of collaborations and 

academic studies on sustainable development and renewable energy is increasing with each 

passing day. 

 
The impacts of renewable energy resources on sustainable development have been addressed from 

various angles in the literature. Batı [11] examined the contribution of renewable energy use to 

sustainable development in Türkiye. In particular, it is emphasized that the state should invest to 

ensure energy security. The study shows that the inexhaustibility and abundance of renewable 

energy resources are among the reasons why these resources are preferred. Similarly, Fotis and 

Polemis [12] investigated the relationship between sustainable development and renewable energy 

in European Union countries. In the study, it is stated that energy intensity increases pollution, but 

energy saving reduces environmental degradation. It is indicated that new technologies and 

renewable energy sources will support sustainable development. Güney [13] compared the impacts 

of renewable and fossil energy sources on sustainable development in developed and developing 

countries. The results revealed that renewable energy sources have a positive impact on sustainable 
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development in both country groups. It is emphasized that the level of sustainable development 

increases with the increase in the amount of renewable energy compared to fossil fuels. This study 

reinforced the importance of renewable energy sources, especially in achieving the 2030 

Sustainable Development Goals.  Dinçer and Karakuş [14] analyzed the impacts of renewable 

energy on sustainable economic development for BRICS and MINT countries. They found that 

renewable energy use is one of the most important components of economic development in Brazil 

and China. It was concluded that more attention should be paid to renewable energy investments 

among these countries. Öymen [15] interviewed experts working in the energy sector. The results 

revealed that domestic renewable energy sources increase sustainability. However, the importance 

of government support for the development of renewable energy was also emphasized. Finally, 

Tiba and Belaid [16], in their study in African countries, stated that renewable energy investments 

play an important role in achieving the UN's 2030 Sustainable Development Goals. They 

emphasized that renewable energy makes great contributions in terms of providing easier access 

to energy, reducing environmental pollution and supporting sustainable development. The study 

also clearly demonstrates the economic, social and environmental benefits of renewable energy. 

 

The literature emphasizes the important role of renewable energy sources on sustainable 

development. It also highlights the importance of developing policies and incentives appropriate 

to the dynamics of each region and country. In light of this literature emphasizing the importance 

of renewable energy sources, it becomes clear that energy investments should be made by 

considering not only environmental but also political, economic and social balances. At this point, 

decision-making processes for energy investments are quite complex. 

 

Energy investments involve many choice problems. These decisions require a balance in many 

areas including political, environmental, economic and social. Therefore, mathematical methods 

have started to be used in the solution of choice problems in the energy field. In this section, we 

review studies that analyze energy resources using multi-criteria decision making techniques. 

Among these studies, Kahraman et al. [17] ranked the most suitable renewable energy sources for 

Türkiye as wind, solar, biomass, geothermal and hydroelectric. Similarly, Kahraman and Kaya [18] 

also emphasize wind and solar energy. Atmaca and Basar [19] concluded that the best alternative 

energy source for Türkiye is nuclear energy, followed by natural gas, geothermal, wind, 

hydroelectricity and coal. Demirtas [20] aimed to determine the most appropriate renewable 
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energy technology for renewable energy planning using the AHP method. The results of the study 

showed that the priority ranking of renewable energy sources is wind, biomass, geothermal, solar 

and hydroelectric energy. However, some studies (see for example [21], [22], [23]) have identified 

hydropower as the most suitable energy source for Türkiye. 

 

A group of studies examined alternative energy sources in Türkiye from a broader perspective. 

Celikbilek and Tuysuz [24] integrated DEMATEL, AHP and VIKOR methods in their study. The 

results of the study show that energy sources are solar, wind, hydroelectric, biomass and 

geothermal. Sagir and Doganalp [25] evaluated renewable energy resources by considering criteria 

such as reliability, cost, risk and contribution to the national economy. The results revealed that 

renewable energy sources are more suitable than nuclear energy sources and fossil energy sources. 

Balin and Baracli [26] evaluated wind, solar, biomass, geothermal, hydroelectric and hydrogen 

energy sources using fuzzy AHP method. As a result, they determined wind energy as the most 

suitable option. Buyukozkan and Guleryuz [27] also analyzed the most suitable renewable energy 

sources in Türkiye. In the study, DEMATEL, ANP and TOPSIS methods were used and 20 sub-

criteria under 5 main criteria were considered. Unlike many other studies, they found that the best 

renewable energy sources for Türkiye are geothermal and biogas. These results can be associated 

with the legal difficulties in wind power plants and the poor environmental performance of 

hydroelectric power plants in those years. Colak and Kaya [28] used fuzzy AHP and fuzzy TOPSIS 

methods and found that wind is the most suitable renewable energy source for Türkiye. Ozcan et 

al. [29] determined that wind is the most suitable renewable energy source for Türkiye after 

hydroelectricity. Ozkale et al. [30], who used the PROMETHEE method for the same purpose, 

concluded that hydroelectric energy is the most suitable source. Boran [31] used the fuzzy VIKOR 

method. The results showed that the ranking of renewable energy sources is wind, hydroelectricity, 

solar energy. 

 

Renewable energy sources have also been examined in terms of economic and environmental 

sustainability. Büyüközkan et al. [32] and Karaca and Ulutaş [33] investigated the most suitable 

energy sources for Türkiye to increase economic and environmental sustainability. The results 

show hydropower as the most suitable energy source. Engin at el. [34], who evaluated Türkiye's 

energy alternatives, reported that solar energy is prioritized. Toklu and Taskin [35] determined 

wind energy as the most suitable energy source for Türkiye using the same methods. Karakas and 



Int J Energy Studies                                                                                           2024; 9(4): 809-847  

 
 

815 
 
 
 

Yildiran [36] evaluated Türkiye's renewable energy alternatives using the Modified Fuzzy AHP 

method. The results demonstrate that solar energy is the most suitable option. Morever, Derse and 

Yontar [37] analyzed Türkiye's energy resources by combining SWARA and integrated TOPSIS 

methods. The results show that biomass energy is the most suitable source. Evaluating Türkiye's 

electricity generation technologies, Yilan et al. [38] identified hydroelectric power plants with 

dams as the most suitable option. Solangi et al. [39] determined wind as the most suitable energy 

source for Türkiye by using Delphi, Fuzzy AHP and Fuzzy WASPAS methods. Similarly, Deveci 

et al. [40] found the same result using the fuzzy CODAS method.  Karatop et al. [41] evaluated 

five renewable energy alternatives using 13 criteria in their study. The study concluded that 

Türkiye should focus on hydroelectricity and wind energy in its renewable energy investments. 

Finally, Bilgili et al. [42] analyzed the best renewable energy options for Türkiye using the IF-

TOPSIS method. The analysis results indicate that solar energy is the best renewable energy source 

for Türkiye's sustainable growth. In addition, the most important criterion affecting renewable 

energy investments in Türkiye is the investment cost. 

 

We reviewed studies that used multi-criteria decision-making methods to select the most 

appropriate energy source to meet Türkiye's energy needs. Most of these studies selected 

renewable energy sources, while some included fossil energy sources. This difference varies 

according to the priorities of the researchers and the current situation in the energy sector. It was 

also observed that most of the studies used 4 main criteria: economic, technical, social and 

environmental factors. The number of sub-criteria varies between 8 and 35. The number of sub-

criteria varies depending on the scope and objectives of the study. VIKOR, AHP, Fuzzy AHP, 

TOPSIS and MACBETH methods are the most used methods in these studies. Wind, solar and 

hydroelectricity are the most dominant energy sources in most of the studies. It was also found 

that wind and solar are generally ranked first. In addition, international studies on renewable 

energy source selection are shown in Table 1. 
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Table 1. International literature on the selection of renewable energy source 

Authors MCDM method Country Energy sources Number 
of criteria Conclusion 

San Cristoball [43] VIKOR Spain Hydropower, Solar, Biomass, Wind. 7 Biomass 

Yi et al. [44] AHP North 
Korea 

Wind, Geothermal, Hydropower, 
Solar, Biomass. 10 Wind 

Sadeghi et al. [45] 
AHS 
Fuzzy TOPSIS 

Iran Solar, Wind, Hydropower, 
Geothermal. 13 

Solar 
 

Mourmouris and Patolias 
[46] REGIME Greece Solar, Wind, Hydropower, 

Geothermal. 16 Wind 

Stojanović [47] AHP - Solar, Biomass, Geothermal, 
Hydropower, Wind. 12 Wind 

Ahmad and Tahar [48] AHP  Malaysia Hydropower, Solar, Wind, Biomass. 12 Solar 

Troldborg et al. [49] PROMETHEE Scotland Solar, Wind, Hydropower, 
Geothermal. 9 Solar 

Tasri and Susilawati [50] Fuzzy AHP Indonesia Biomass, Wind, Geothermal, 
Hydropower, Solar. 16 Hydropower 

Al Garni et al. [51] 
 AHS Saudi 

Arabia Solar, Wind, Biomass, Geothermal. 14 Solar 

Afsordegan et al. [52] Fuzzy AHP, 
TOPSIS - Nuclear, Hydropower, Solar, Wind, 

Geothermal, Biomass. 9 Wind 

Robles et al. [53] AHP Colombia Hydropower, Solar, Wind, Biomass. 20 Solar 
Ishfaq et al. [54] TOPSIS, AHP Pakistan Hydropower, Solar, Wind, Biomass. 6 Hydropower 
Yuan et al. [55] HFLTS China Solar, Biomass, Hydropower, Wind. 10 Biomass 
Rani et al. [56] VIKOR India Hydropower, Solar, Wind, Biomass. 13 Wind 

Solangi et al. [57] 
Delphi, AHP, 
Fuzzy TOPSIS 

Pakistan Wind, Geothermal, Hydropower, 
Solar, Biomass. 20 Wind 

Rani et al. [58] Fuzzy TOPSIS India Nuclear, Hydropower, Solar, Wind, 
Geothermal, Biomass. 9 Wind 

Niu et al. [59] Fuzzy ELECTRE 
II China Solar, Biomass, Geothermal, 

Hydropower, Wind. 13 Hydropower 

Li et al. [60] 
Fuzzy VIKOR,  
Fuzzy TOPSIS 

- Solar, Biomass, Geothermal, 
Hydropower, Wind. 8 Wind 

Chen et al. [61] PROMETHEE II China Solar, Biomass, Hydropower, Wind. 12 Solar 
Wang et al. [62] Fuzzy AHP Pakistan Solar, Wind, Biomass. 17 Wind 
Mohammed et al. [63] AHP Iraq Solar, Geothermal, Hydropower. 7 Solar 
Abdul et al. [64] AHP, VIKOR Pakistan Solar, Biomass, Hydropower, Wind. 16 Hydropower 

Assadi et al. [65] Fuzzy Delphi Iran Biomass, Wind, Solar, Geothermal, 
Hydropower, Marine, Hydrogen. 12 Solar 

Goswami et al. [66]  
MEREC, PIV  
 

India Solar, Biomass, Geothermal, 
Hydropower, Wind. 6 Hydropower 

Li et al. [67] DEMATEL, 
PROMETHEE China Geothermal, Nuclear, Solar, Rüzgar, 

Hydropower . 5 Nuclear 

Source: Authors’ construction. 
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Table 1 presents studies conducted in different countries on renewable energy source selection. 

The results of the previous literature are in line with the studies conducted in Türkiye. The most 

emphasized energy sources in most of the studies are wind, solar and hydroelectricity.  It is seen 

that wind and solar are generally ranked first among renewable energy sources. 

 

3. DATA AND METHODOLOGY 

3.1. Selection of Indicators 

The AHP hierarchy has the objective at the top, the main criteria below it, and sub-criteria under 

each of the main criteria. Alternatives are at the bottom of the hierarchy. In our study, the objective 

was determined first. The objective of our study is to determine the most suitable renewable energy 

source that should be invested in Türkiye for sustainable development. The alternatives used in 

our study are renewable energy sources such as Wind, Solar, Geothermal, Biomass and 

Hydroelectric. In the next stage, it is necessary to determine the main and sub-criteria to be used 

in the AHP method. The criteria were selected from previous literature. The criteria to be used in 

the study are shown in Table 2. The expanded version of Table 2 with references is provided in 

Appendix A. 

 

Table 2 shows the main criteria and sub-criteria used in the study collectively. It is widely accepted 

in the literature that different criteria are emphasized among countries in the selection of renewable 

energy sources. Since the socio-economic structure, energy policies, environmental objectives and 

resource potential of each country are different, the selection of renewable energy sources also 

varies depending on these factors. The criteria used in this study are compiled from studies specific 

to Türkiye. In addition, each of the criteria used in the study is associated with the Sustainable 

Development Goals (SDGs). These SDGs are shown in the last column of the table. Explanations 

of the criteria used in the study are also included in the table. After determining the criteria to be 

used in the study, the Fuzzy AHP method is explained in the following section. 
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Table 2. Criteria for renewable energy selection 
Criteria Sub-criteria Description SDG 

C1. Technical 

C11 Efficiency Efficiency of primary energy conversion to electricity. 7-8-9-12 
C12 Technical risk Risks and hazards in the energy production process. 7-11 
C13 Capacity factor Maximum power capacity that the power plant can generate and accommodate. 7-9 
C14 Technology maturity How widespread the technology used is at regional, national and international level. 7-8 
C15 Resource potential Availability of resources used to produce energy. 7 
C16 Implementation speed The period from project phase to operation. 7 
C17 Operational life The period during which the power plant can operate efficiently. 7-9 
C18 Ease of implementation Simplicity of the power plant and its technology. 7 
C19 Ease of access to resources Ease of access to the resource to be used in energy production. 7 

C2. Economic 

C21 Investment cost Initial investment cost of the power plant. 7 
C22 Operation and maintenance costs Variable costs and maintenance and repair costs of the power plant. 7 
C23 Energy generation cost Cost per unit of electricity generated from power plants. 7 
C24 Market development Current demand and future demand potential of the power plant. 8-17 
C25 Contribution to national economy Contribution of the power plant to the national economy. 8 
C26 Contribution to local economy Contribution of the power plant to the local economy. 8-11 
C27 Continuity of energy generation The length of time that energy production can be sustained. 7-9 
C28 Payback period Payback period for initial investments. 7-9 

C3. Political 

C31 Foreign dependency Contribution to reducing foreign dependence in terms of both energy resources and implementation technologies. 7-17 
C32 Compliance with national agenda The projects to be invested in are compatible with both political policies and legal procedures. 12-13 
C33 Compatibility with national energy policy Compatibility of power plants with national energy policy. 9-12-13 
C34 Incentive mechanisms Financial support and incentive mechanism for energy investments. 9-12-13 

C4. Social C41 Social acceptability Community willingness to accept a power plant in their area. 11-12 
C42 Job creation Number of local jobs created at the power plant. 1-8-10 

C5. 
Environmental 

C51 Greenhouse gas emissions Potential of power plants to reduce carbon dioxide emissions. 7-11-13-15 
C52 Climate change risk Potential of power plants to mitigate climate change. 7-11-13-15 
C53 Land requirement Land requirement for the physical installation of the power plant. 2-3 
C54 Waste Waste from the power plant and the need for disposal. 3-6-11 
C55 Ecological risk Impact of the power plant on the environment, agricultural land and water. 2-3-6-11 
C56 Noise Noise and vibration from power plant operation. 11-12 
C57 Continuity and predictability of resources Sustainability and predictability of the energy sources to be used in the power plant. 6-9-11-12 

Source: Authors’ construction. 



Int J Energy Studies                                                                                           2024; 9(4): 809-847  

 
 

819 
 
 
 

3.2. Principle of Fuzzy AHP 

The AHP Method is a multi-criteria decision-making method developed by Thomas L. Saaty in 

the 1970s. The AHP method, which is very popular among multi-criteria decision making 

methods, is based on pairwise comparison of criteria. The comparison of these criteria is based 

on expert opinion [68], [69], [70]. The AHP method is used in selection problems with one or 

more decision makers, many criteria and many alternatives. The general logic of AHP is to 

classify alternatives by pairwise comparison based on a certain criterion [71]. 

 

While constructing the hierarchy in the AHP method, there is the goal at the top, the main 

criteria to be used in comparisons underneath, sub-criteria under each of the main criteria and 

alternatives at the bottom of the hierarchy. The hierarchical structure of the AHP method used 

in this study is shown in Figure 1. 

 

 
Figure 1. The proposed fuzzy AHP model 

 

In the AHP method, evaluations are based on expert opinions. Therefore, it may include 

subjective judgments. Fuzzy AHP was developed to reduce subjectivity [72]. Fuzzy AHP is 

also used in this study. The decision maker ranks the criteria through pairwise comparison to 

determine the relative superiority of the criteria at each level. The importance scale (Table 3) 

proposed by Saaty [68] is used to compare the criteria and determine their importance. Decision 
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maker makes the comparison by selecting the statement from the table that will represent his/her 

opinion in pairwise comparisons. In numerical calculations, numerical values selected from the 

table are used. Intermediate values can also be used if the decision maker is undecided about 

the main values in the table. In the next stage, the normalized matrix is obtained by dividing 

each column by the sum of the values in the relevant column. 

 

Table 3. Linguistic terms and the triangular fuzzy numbers 

Precise score Linguistic scale Triangular fuzzy scale Triangular fuzzy reciprocal scale 

1 Equally important 1,1,1 1,1,1 
2 Intermediate values 1,2,3 1/3, 1/2, 1 
3 Weakly important 2,3,4 1/4, 1/3, 1/2 
4 Intermediate values 3,4,5 1/5, 1/4, 1/3 
5 Essentially important 4,5,6 1/6, 1/5, 1/4 
6 Intermediate values 5,6,7 1/7, 1/6, 1/5 
7 Very strongly important 6,7,8 1/8, 1/7, 1/6 
8 Intermediate values 7,8,9 1/9, 1/8, 1/7 
9 Absolutely important 8,9,9 1/9, 1/9, 1/8 

Source: Adapted from Saaty [68]. 

 

In the final stage, a consistency ratio (CR) is calculated for each matrix to assess the consistency 

of the experts' judgment. It is difficult for all pairwise comparisons or comparison matrices used 

in the AHP method to be one hundred percent consistent. Ultimately, these importance 

judgments are based on human judgments and may contain a tolerable amount of inconsistency. 

The Consistency Ratio (CR) was developed to determine that the inconsistency is explainable 

and reasonable [73].  

 

CR is calculated by CI/RI.  The first step in calculating the consistency ratio is to obtain the 

Nmax matrix. The Nmax matrix is calculated by multiplying the A matrix by the W matrix. 

The Nmax value is obtained by summing the elements of the Nmax matrix. The Consistency 

Indicator (CI) is obtained by processing the Nmax value as in CI=(Nmax-N)/(n-1) [74]. The 

last value needed to calculate the consistency ratio is the Randomness Indicator (RI). Saaty and 

Tran [75] prepared RI indicators for pairwise comparisons with criteria up to 15. These ratios 

are shown in Table 4. 
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Table 4. Values of random index (RI) 

Order 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

RI  0 0 0,52 0,89 1,11 1,25 1,35 1,40 1,45 1,49 1,52 1,54 2,56 1,58 1,59 

Source: Adapted from Saaty and Tran [75]. 

 

When the CR value is CR<1, the inconsistency is at an acceptable level. However, when CR>1, 

the inconsistency is above the acceptable level. Thus, decision makers need to revisit the 

decision matrices and eliminate the inconsistency. The stages of application of the fuzzy AHP 

method described above should be applied for each main and sub-criteria. The weights of the 

matrices whose consistency ratio is at an acceptable level are calculated. The result distribution 

at the decision stage is found by gathering the weights on the path that leads the alternatives in 

the decision hierarchy to the decision.  

 

Fuzzy Analytic Hierarchy Process (Fuzzy AHP) was developed by combining fuzzy logic with 

the classical AHP method. Thus, it deals with uncertainty and subjective evaluations of decision 

makers in a more flexible way. In classical AHP, decision makers make precise comparisons 

between criteria with clear ratios. However, Fuzzy AHP was developed for situations where 

decision makers have difficulty in making such precise evaluations. In this way, uncertainties 

and inconsistencies in human judgment are more effectively managed [69], [75]. 

 

Fuzzy AHP differs from other multi-criteria decision making (MCDM) methods in that it 

integrates uncertainty into the model. For example, TOPSIS ranks alternatives based on their 

distance from the ideal solution. The closer the alternative is to the ideal solution, the better it 

is considered. However, TOPSIS does not consider the subjective uncertainty of the decision 

maker and is based on precise evaluations. Another method, VIKOR, aims to reach a 

compromise solution. VIKOR evaluates the differences between certain criteria when ranking 

alternatives. However, this method does not directly address uncertainty. Methods such as 

ELECTRE are based on the elimination of alternatives. ELECTRE makes comparisons between 

criteria to identify strong alternatives and eliminate weak ones. However, this method does not 

take into account the uncertainty in subjective evaluations and focuses on more precise results. 

PROMETHEE ranks alternatives based on preference functions determined by the decision 
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maker. In this method, the degree of superiority of alternatives over each other is calculated. 

PROMETHEE, like other MCDMs, focuses on the decision maker's precise preferences. Fuzzy 

AHP, in contrast, allows subjective judgments to be integrated more reliably into the model by 

allowing each alternative to be compared in an uncertain framework [31], [32], [38], [71]. 

 

As a result, the most important difference of Fuzzy AHP compared to other MCDMs is that it 

can better manage the uncertainties and fuzziness in decision makers' judgments. Methods such 

as TOPSIS, VIKOR, ELECTRE and PROMETHEE aim to achieve specific and sharp results. 

Whereas Fuzzy AHP deals with uncertainty better and allows for a more flexible evaluation of 

alternatives. In this respect, Fuzzy AHP stands out as a more useful method when uncertainty 

plays an important role in complex decision processes. Therefore, Fuzzy AHP method is 

employed in this study.  

 

4. RESULTS AND DISCUSSION 

4.1. Determining the Weight of Criteria 

In order to determine the ranking of renewable energy sources, the weights of the main criteria 

and sub-criteria need to be determined. We consulted 13 experts in our study and their profiles 

are shown in Appendix B. The matrices (and CR values) created for the main criteria and sub-

criteria used in the study are presented in Appendix C. The weight coefficients and importance 

ranking (and CR values) created with these matrices are shown in Appendix D. These weight 

coefficients and importance ranking are visualized in Figure 2. 
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Weight of technical criteria. 

 
Weight of economic criteria. 

 
Weight of political criteria. 

 
Weight of social criteria. 

 
Weight of environmental criteria. 

 
Weight of the main criteria. 

Figure 2. Weight of main criteria and sub-criteria 
 

Figure 2 shows the weight of main criteria and sub-criteria. In our study, economic criteria (C2) 

has the highest weight among the criteria with 41.6%. Economic criteria are followed by 

political (35.3%), technical (12.5%), environmental (6%) and social (4.6%) criteria. In energy 

investments, in addition to cost items such as investment cost, operation and maintenance cost, 

other economic indicators such as contribution to the economy and return on investment are 

also very important. Therefore, it is appropriate that economic criteria have the highest weight. 

The importance of environmental factors such as greenhouse gas emissions, climate change, 

solid waste problems and impacts on the ecosystem in energy investments is indisputable. 

However, the results of our study show that the importance of environmental aspects in energy 
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investments in Türkiye remains low. The fact that social and environmental dimensions have a 

lower weight than other main criteria is due to the prioritization of economic and political 

factors in energy investments in Türkiye. The results of the study are similar to [73], [74].  

 

The analysis results show that the three most important economic sub-criteria are energy 

generation cost (C23), payback period (C28) and continuity of energy generation (C27). The 

weights of these criteria are 21.9%, 21.5% and 18.1% respectively. The low cost of electricity 

generation and the continuity of energy generation are of great importance in the economic 

evaluation of investments. The short payback period of the investment is also an attractive 

factor for investors. The close weights between these criteria indicate that the cost of electricity 

generation and the payback period of the investment are more decisive than the other sub-

criteria. The continuity of energy production is directly related to the sustainable use of 

resources and supports the long-term success of investments. Among the political criteria, the 

three criteria with the highest weights are incentive mechanisms (C34), compliance with 

national agenda (C32) and compatibility with national energy policy (C33). The weights of 

these criteria are 48.4%, 22.9% and 20.7% respectively. Energy investments, which require 

high capital, need to be supported by government incentives and policies. These supports are 

critical for attracting investors to the energy sector. While the compatibility of energy 

investments with political and legal frameworks increases the success of projects, policies that 

encourage the use of domestic resources to reduce foreign dependency are also important. 

Foreign dependency (C31) is the last sub-criterion of political criteria with a weight of 8%. In 

order to reduce foreign dependency in energy, it is important to turn to domestic energy 

resources. However, in such a case, importing technology will cause the content of the import 

item to change, while foreign dependency will remain unchanged. Therefore, in order to reduce 

foreign dependency in energy, technology must not be imported and must be developed 

domestically. 

 

The highest weights among the technical sub-criteria are ease of implementation (C18), 

operational life (C17) and technology maturity (C14). We calculated the weights of these sub-

criteria as 19.6%, 15.3% and 14.4%, respectively. The ease of implementation and long 

operational life of power plants ensure that the power plant operates for many years and 

generates more revenue. High technology maturity significantly helps to reduce foreign 
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dependency in energy investments. On the other hand, efficiency (C11) ranks fourth with a 

weight of 13.9%. High efficiency is a critical factor desired in energy investments as it directly 

affects profitability. Regarding environmental criteria, the three criteria with the highest 

weights are continuity and predictability of resources (C57), waste (C54) and land requirement 

(C53). We calculated the weights of these sub-criteria as 29.0%, 21.7% and 13.8% respectively. 

Stable production of power plants is directly related to the sustainability of resources. In 

addition, waste management is a major cost and environmental impact, especially in geothermal 

plants, while plants that require little land become more attractive by reducing investment costs. 

Noise (C56) is the lowest weighted sub-criterion in this category with 4.2%. Noise is 

particularly important for wind power plants. This is because the mechanical and aerodynamic 

noise generated by wind power plants can create disturbance in areas close to residential areas. 

 

In the social criteria, job creation (C42) is the most prominent sub-criterion of this category 

with a weight of 9.0%. In developing countries such as Türkiye, social and environmental 

aspects are often put on the back agenda, while economic factors become more important. In 

this regard, employment opportunities provided by energy projects bring job cretion to the 

forefront. Because the energy sector creates direct and indirect employment and offers job 

opportunities in many fields such as construction, maintenance, repair and management. On the 

other hand, social acceptability (C41) was found to be the least important criterion in this 

category with a weight of 1.0%. This suggests that social and environmental concerns are often 

considered secondary to economic gains. The social acceptability of energy projects is often 

balanced against their economic returns. 

 

4.2. Prioritization of Renewable Energy Alternatives 

At this stage of our study, the weights of energy resources by sub-criteria were calculated and 

prioritized. The weight coefficients of energy sources according to sub-criteria are given in 

Appendix D. Figures derived from Appendix D are presented below to make the results more 

understandable and easier to compare. 
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Weight coefficients of energy sources by technical dimensions (C1). 

 
Weight coefficients of energy sources by economic dimensions (C2). 

 
Weight coefficients of energy sources by political dimensions (C3). 

 
Weight coefficients of energy sources by social dimensions (C4). 

 
Weight coefficients of energy sources by environmental dimensions (C5). 

 
Weight coefficients of energy sources by dimensions. 

Figure 3. Renewable energy's score by main criteria and sub-criteria 
 

Figure 3 shows the score of renewable energy according to the main criteria and sub-criteria. 

We analyzed each renewable energy source according to both main criteria and sub-criteria. 

The results of the study show that solar energy (A2) has the highest weighting based on 

technical (K1) and economic criteria (K2); wind has the highest weighting based on political 
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(K3) and environmental criteria (K5); geothermal energy has the highest weighting based on 

social criteria (K4).  

 

Wind energy offers significant opportunities in terms of market development and incentive 

mechanisms. Environmentally, wind turbines have one of the lowest carbon footprints and offer 

great efficiency in energy production. However, noise and aesthetic concerns during the rotation 

of the turbines can challenge social acceptance. With careful planning and site selection, the 

installation of wind turbines can minimize environmental and social impacts. Specifically, areas 

away from settlements and less ecologically sensitive areas should be preferred. The negative 

impacts of wind energy on bird migration routes are among the factors that need to be carefully 

managed. This energy source offers a sustainable and economical energy alternative when 

supported by financial incentives at local and national level. 

 

Solar energy is technically advantageous in terms of ease of implementation, implementation 

speed and resource potential. Türkiye's high solar energy potential enhances this advantage. 

Economically, investment cost, operation and maintenance costs and payback period bring solar 

energy to the forefront. Solar power plants are also advantageous in terms of market 

development and are supported by extensive financial support. Socially, they are highly socially 

accepted due to low environmental damage and local employment opportunities. 

Environmentally, it stands out as one of the cleanest energy sources with minimal impact on 

climate change and greenhouse gas emissions. However, extensive land use can be problematic, 

especially in areas that are valuable for agriculture. The lands selected for the installation of 

solar panel plants should have sufficient solar radiation as well as low ecological and 

agricultural value. 

 

Geothermal energy is advantageous in terms of contribution to local economy and continuity 

of energy generation. Sustainable utilization of underground resources makes geothermal 

energy particularly attractive for local development. Economically, although it has high 

investment costs, it has the advantage of continuous and reliable energy generation. Geothermal 

power plants are among the technologies that minimize environmental damage in social and 

environmental criteria. The process of treating the water extracted from the ground and injecting 

it back into the ground ensures the preservation of the environmental balance. However, this 
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process may cause additional costs. It requires transparent management and communication 

strategies to gain the support of local communities. 

 

Biomass energy plays a critical role in energy security by providing a continuous and 

predictable energy flow from a technical perspective. However, it is less developed in terms of 

technology maturity and efficiency compared to other renewable energy sources. 

Economically, it is the energy source with the shortest payback period since local materials are 

used. While initial investment costs can be relatively low, operation and maintenance costs can 

vary depending on the type of biomass used. Political criteria show that biomass energy is 

generally compatible with local and national energy policies. However, it makes a limited 

contribution to reducing foreign dependency. It may therefore be a less preferred option for 

countries with high energy imports. On the environmental dimension, biomass energy offers an 

environmentally friendly alternative with sustainable resource utilization and waste reduction 

potential. However, it can produce carbon emissions and other air pollutants during the 

combustion process. This requires environmental regulation and management. Solid waste and 

the need for treatment is another environmental issue that needs to be managed, especially in 

large-scale biomass plants. On the social dimension, biomass plants can provide local 

employment, creating economic opportunities, especially in rural areas.  

 

Hydroelectric energy offers many technical and economic advantages. Technically, it is 

characterized by efficiency in power generation, technology maturity and high operational life. 

The long operational life of the plants, continuous energy supply and generally low operating 

costs make hydroelectric power plants attractive. However, the construction of these plants 

requires high initial investments and construction periods are very long. Economically, despite 

its high initial cost, it stands out with its low electricity generation in the long term and its 

contribution to the national economy. On the political dimension, hydropower is in line with 

national energy policies and is supported by long-term financial support and incentives. 

However, hydropower with low social acceptability can have negative impacts on local 

communities. Especially during the construction of dams, forced migration and flooded 

ecosystems bring social and environmental controversies. Environmentally, there are also 

disadvantages such as evaporation and negative impacts on local flora. 
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Figure 4. Final ranking of the renewable energy alternatives 
 

The ranking of renewable energy sources in our study is solar, wind, hydroelectric, biomass 

and geothermal. The results of the analysis are consistent with the literature (e.g. [18], [20], 

[26], [27], [42], [57]). As a result, it was concluded that solar energy is the most suitable 

renewable energy source to invest in for sustainable development in Türkiye, while wind is the 

second most suitable renewable energy source. 

 

4.3. Sensitivity Analysis 

The study conducted a sensitivity analysis by systematically changing the weight values of the 

main criteria. Therefore, the impacts of the weight changes on the ranking results were 

analyzed. As a result of the analysis, it is observed how the changes in the criteria weights create 

a difference in the final ranking.While changing the weights of the main criteria in the 

sensitivity analysis, we follow the method of Tasri and Susilawati [50]. We set six scenarios to 

change the weights. Scenario 1 is the original weights in this paper. In Scenario 2, the weight 

of main criterion C1 is increased by 50%, in Scenario 3 the weight of main criterion C2 is 

increased by 50% and the other weights are changed proportionally. We followed the same 

steps for the other scenarios and the results are shown in Figure 5. 
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I. Scenario 

 
II. Scenario 

 
III. Scenario 

 
IV. Scenario 

 
V. Scenario 

 
VI. Scenario 

Figure 5. Results of the sensitivity analysis 

 

The results of Table 5 show that, except for Scenario 4, changing the weights of the main criteria 

does not have a significant impact on the ranking of the alternatives. However, in Scenario 4, it 

is observed that the ranking of solar and wind energy alternatives changes. Overall, the 

sensitivity analysis demonstrates that there is no significant change in the main findings of the 

study. Therefore, the impact of changing the weights on the results is insignificant. Solar energy 

ranks first, followed by wind, hydropower, biomass and geothermal energy. These results show 

that the study is reliable and consistent. 
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5. POLICY IMPLICATIONS 

Our study aims to prioritize renewable energy sources to achieve sustainable development in 

Türkiye. The results show that solar energy is the most suitable renewable energy source to 

invest in for sustainable development in Türkiye, followed by wind energy. Türkiye's high solar 

and wind energy potential provides a great opportunity for sustainable development goals. 

These results emphasize that solar and wind energy should be considered when designing 

energy policies in Türkiye. At this stage, policy makers in Türkiye have some important 

responsibilities.  Therefore, various policies have been proposed: (1) Incentives for renewable 

energy sources, particularly solar and wind, should be increased. Since Türkiye has high solar 

and wind energy potential, incentives for electricity generation from these sources should be 

increased. Financial incentives such as tax reductions, low-interest loans and investment 

subsidies can be applied. (2) Connectivity infrastructure for renewable energy plants needs to 

be improved. Transmission and distribution networks should be strengthened, and the 

integration of energy storage systems should be increased. (3) The establishment of hybrid 

systems should be encouraged to increase the efficiency of variable energy sources such as solar 

and wind energy. Hybrid systems ensure continuity in energy production and more efficient use 

of energy resources. (4) R&D investments should be increased to increase the domestic 

production capacity of renewable energy technologies and ensure technological independence. 

In this way, technological innovations are encouraged, and local employment is supported. (5) 

Environmental and social aspects should be given more importance in energy policies. 

Regulations in this area should be increased. In particular, environmental impact assessments 

and cooperation with local communities are critical in this process. (6) Training programs and 

campaigns should be organized to raise public awareness on renewable energy technologies 

and sustainable energy use. (7) International support and investment should be attracted to 

renewable energy projects through cooperation on international funding, technology transfer 

and expert exchange. Implementation of these policies will help Türkiye achieve its sustainable 

development goals. Implementation of these recommendations requires strong political will and 

cooperation. 
 

6. CONCLUSIONS 

In this study, renewable energy sources that can be the best option for sustainable development 

in Türkiye are analyzed. The results show that the ranking of the main criteria for renewable 

energy investments in Türkiye is economic, political, technical, environmental and social. 
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While economic and political criteria are considered more important and ranked first, 

environmental and social criteria remain in the background. On the basis of economic criteria, 

solar and biomass energy are the most advantageous renewable sources. With respect to 

political criteria, wind and solar energy are the best alternatives. Technically, solar and 

hydroelectric energy are more suitable. Solar energy is the best option when environmental 

criteria are considered, while solar and geothermal energy are among the best options in terms 

of social criteria. Based on all the criteria used in our study, we conclude that solar energy is 

the most suitable renewable energy source to invest in for sustainable development in Türkiye, 

while wind is the second most suitable renewable energy source. 
 

This study has some limitations as well as important findings. These limitations can be 

addressed in future studies. Firstly, this study used 30 criteria under 5 dimensions. The study 

can be improved by increasing the number of main and sub-criteria. Secondly, renewable 

energy sources with the most widespread use and the highest potential for Türkiye were 

preferred in the study. Therefore, renewable energy sources other than wind, solar, geothermal, 

geothermal, biomass and hydropower were not included in the analysis. Thirdly, the results of 

the study can be compared by using different and/or hybrid techniques. Finally, this study did 

not analyze the hybrid use of renewable energy sources. Further research in this area is 

recommended.
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NOMENCLATURE 

AHP : Analytic Hierarchy Process 

CI : Consistency Index 

CODAS : Combinative Distance-based Assessment 

CR : Consistency Ratio 

DEMATEL : Decision Making Trial and Evaluation Laboratory 

GDP : Gross Domestic Product 

MACBETH : Measuring Attractiveness by a Categorical Based Evaluation Technique 

PROMETHEE : Preference Ranking Organization Method for Enrichment Evaluations 

R&D : Research and Development 

RI : Random Index 

SWARA : Stepwise Weight Assessment Ratio Analysis 

TOPSIS : Technique for Order Preference by Similarity to Ideal Solution 

WASPAS : Weighted Aggregated Sum Product Assessment 

 

ACKNOWLEDGMENT 

This research is not supported by any public or commercial institution or organization. 

 

DECLARATION OF ETHICAL STANDARDS 

The authors of the paper submitted declare that nothing which is necessary for achieving the 

paper requires ethical committee and/or legal-special permissions. 

 

CONTRIBUTION OF THE AUTHORS 

Emre Akusta: Writing, Investigation, Analysis, Methodology, Conceptualization. 

Raif Cergibozan: Conceptualization, Methodology, Editing, Supervision, Resources. 

 

CONFLICT OF INTEREST 

There is no conflict of interest in this study.   

 



Int J Energy Studies                                                                                           2024; 9(4): 809-847  

 
 

834 
 
 
 

APPENDIX A  

Table A.1. Extended version of the criteria used in the study with references 
Criteria Sub-criteria Reference 

C1. Technical 

C11 Efficiency [23], [24], [28], [29], [32], [33], [35], [36], [37], [38], [40], [41], [76], [77], [78], [79], [80], [81], [82] 
C12 Technical risk [18], [23], [24], [25], [28], [35], [37], [40], [41], [77], [79], [80], [81], [83], [84], [85] 
C13 Capacity factor [27], [28], [33], [35], [38], [41], [77], [78], [79], [80], [81] 
C14 Technology maturity [20], [21], [24], [27], [28], [30], [31], [32], [35], [37], [38], [41], [77], [80], [81], [82], [84] 
C15 Resource potential [25], [27], [31], [33], [35], [41], [78], [79], [82]  
C16 Implementation speed [28], [29], [35], [37], [40], [41], [79], [81] 
C17 Operational life [23], [28], [29], [33], [35], [37], [40], [41], [78], [79], [80], [81], [82], [84] 
C18 Ease of implementation [24], [28], [37], [38], [40], [41] 
C19 Ease of access to resources [24], [28], [35], [40], [41], [85] 

C2. Economic 

C21 Investment cost [27], [29], [31], [33], [35], [36], [37], [40], [41], [76], [77], [78], [79], [80], [83], [84], [86] 
C22 Operation and maintenance costs [27], [28], [29], [31], [32], [33], [35], [36], [37], [40], [41], [76], [78], [79], [80], [81], [83], [86] 
C23 Energy generation cost [23], [27], [28], [31], [32], [35], [36], [38], [40], [41], [78], [79], [80], [81], [82] 
C24 Market development [21], [41], [78] 
C25 Contribution to national economy [28], [41], [77], [80]  
C26 Contribution to local economy [21], [41], [80], [81], [82]  
C27 Continuity of energy generation [24], [27], [28], [31], [32], [41]  
C28 Payback period [23], [27], [28], [33], [41], [78], [79], [80], [81], [82]  

C3. Political 

C31 Foreign dependency [21], [27], [29], [35], [37], [38]  
C32 Compliance with national agenda [27], [31], [35], [41], [79], [81], [84]  
C33 Compatibility with national energy policy [21], [27], [28], [32], [35], [40], [41], [79], [80], [81]  
C34 Incentive mechanisms [21], [27], [28], [29], [31], [32], [35], [37], [40], [41], [77], [79], [81], [82] 

C4. Social C41 Social acceptability [17], [18], [20], [23], [28], [29], [32], [35], [36], [37], [40], [77], [80], [84]  
C42 Job creation [18], [22], [23], [23], [27], [28], [29], [31], [32], [33], [35], [36], [37], [38], [40], [41], [76], [79], [82]  

C5. Environmental 

C51 Greenhouse gas emissions [18], [21], [24], [29], [31], [33], [35], [37], [40], [41], [77], [78], [79], [80], [81], [82], [84], [87] 
C52 Climate change risk [18], [21], [24], [25], [27], [28], [33], [35], [38], [40], [41], [78], [79], [80], [81], [84], [87]  
C53 Land requirement [18], [21], [23], [28], [29], [33], [35], [36], [37], [40], [41], [76], [77], [79], [80], [82], [84]  
C54 Waste [18], [21], [24], [28], [35], [40], [41], [77], [79], [80], [81], [84]  
C55 Ecological risk [18], [23], [24], [25], [27], [28], [29], [31], [32], [33], [35], [37], [41], [77], [78], [84], [87]  
C56 Noise [24], [28], [37], [41], [76], [78], [81]  
C57 Continuity and predictability of resources [18], [28], [30], [35], [37], [41], [85], [88]  
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APPENDIX B  

 

Table A.1. Profiles of experts 

S. No. Position of expert Age Qualification Department/Organization 

1 Professor 40 - 50 Ph.D Academia (University) 

2 Professor 30 - 40 Ph.D Academia (University) 

3 Assoc. Prof 30 - 40 Ph.D Academia (University) 

4 Assoc. Prof 30 - 40 Ph.D Academia (University) 

5 Assoc. Prof 40 - 50 Ph.D Academia (University) 

6 Assoc. Prof 30 - 40 Ph.D Academia (University) 

7 Assoc. Prof 30 - 40 Ph.D Academia (University) 

8 Assist. Prof 30 - 40 Ph.D Academia (University) 

9 Assist. Prof 30 - 40 Ph.D Academia (University) 

10 Assist. Prof 20 - 30 Ph.D Academia (University) 

11 Assist. Prof 20 - 30 Ph.D Academia (University) 

12 Assist. Prof 20 - 30 Ph.D Academia (University) 

13 Assist. Prof 20 - 30 Ph.D Academia (University) 
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APPENDIX C  

 
Table B.1. Main criteria matrix. 

 C1 C2 C3 C4 C5 

C1 1.00 1.00 1.00 0.17 0.20 0.25 0.25 0.33 0.50 2.00 3.00 4.00 2.00 3.00 4.00 

C2 4.00 5.00 6.00 1.00 1.00 1.00 1.00 1.00 1.00 6.00 7.00 8.00 6.00 7.00 8.00 

C3 2.00 3.00 4.00 1.00 1.00 1.00 1.00 1.00 1.00 5.00 6.00 7.00 5.00 6.00 7.00 

C4 0.25 0.33 0.50 0.13 0.14 0.17 0.14 0.17 0.20 1.00 1.00 1.00 0.33 0.50 1.00 

C5 0.25 0.33 0.50 0.13 0.14 0.17 0.14 0.17 0.20 1.00 2.00 3.00 1.00 1.00 1.00 

CR=0.087 

 
 
 

Table B.2. Technical criteria matrix. 
 C11 C12 C13 C14 C15 C16 C17 C18 C19 

C11 1.00 1.00 1.00 3.00 4.00 5.00 4.00 5.00 6.00 0.33 0.50 1.00 1.00 1.00 1.00 4.00 5.00 6.00 1.00 1.00 1.00 1.00 1.00 1.00 0.33 0.50 1.00 

C12 0.20 0.25 0.33 1.00 1.00 1.00 1.00 2.00 3.00 0.33 0.50 1.00 0.33 0.50 1.00 1.00 1.00 1.00 0.25 0.33 0.50 0.25 0.33 0.50 1.00 1.00 1.00 

C13 0.17 0.20 0.25 0.33 0.50 1.00 1.00 1.00 1.00 0.33 0.50 1.00 0.33 0.50 1.00 1.00 1.00 1.00 0.20 0.25 0.33 0.25 0.33 0.50 0.25 0.33 0.50 

C14 1.00 2.00 3.00 1.00 2.00 3.00 1.00 2.00 3.00 1.00 1.00 1.00 1.00 2.00 3.00 2.00 3.00 4.00 0.33 0.50 1.00 0.33 0.50 1.00 2.00 3.00 4.00 

C15 1.00 1.00 1.00 1.00 2.00 3.00 1.00 2.00 3.00 0.33 0.50 1.00 1.00 1.00 1.00 3.00 4.00 5.00 1.00 1.00 1.00 0.33 0.50 1.00 0.33 0.50 1.00 

C16 0.17 0.20 0.25 1.00 1.00 1.00 1.00 1.00 1.00 0.25 0.33 0.50 0.20 0.25 0.33 1.00 1.00 1.00 0.17 0.20 0.25 0.20 0.25 0.33 0.20 0.25 0.33 

C17 1.00 1.00 1.00 2.00 3.00 4.00 3.00 4.00 5.00 1.00 2.00 3.00 1.00 1.00 1.00 4.00 5.00 6.00 1.00 1.00 1.00 0.33 0.50 1.00 1.00 1.00 1.00 

C18 1.00 1.00 1.00 2.00 3.00 4.00 2.00 3.00 4.00 1.00 2.00 3.00 1.00 2.00 3.00 3.00 4.00 5.00 1.00 2.00 3.00 1.00 1.00 1.00 1.00 2.00 3.00 

C19 1.00 2.00 3.00 1.00 1.00 1.00 2.00 3.00 4.00 0.25 0.33 0.50 1.00 2.00 3.00 3.00 4.00 5.00 1.00 1.00 1.00 0.33 0.50 1.00 1.00 1.00 1.00 

CR=0.058 
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Table B.3. Economic criteria matrix. 
 C21 C22 C23 C24 C25 C26 C27 C28 

C21 1.00 1.00 1.00 2.00 3.00 4.00 0.33 0.50 1.00 3.00 4.00 5.00 1.00 1.00 1.00 3.00 4.00 5.00 0.33 0.50 1.00 0.33 0.50 1.00 

C22 0.25 0.33 0.50 1.00 1.00 1.00 0.25 0.33 0.50 4.00 5.00 6.00 1.00 1.00 1.00 2.00 3.00 4.00 0.33 0.50 1.00 0.20 0.25 0.33 

C23 1.00 2.00 3.00 2.00 3.00 4.00 1.00 1.00 1.00 4.00 5.00 6.00 4.00 5.00 6.00 4.00 5.00 6.00 0.33 0.50 1.00 1.00 1.00 1.00 

C24 0.20 0.25 0.33 0.17 0.20 0.25 0.17 0.20 0.25 1.00 1.00 1.00 1.00 1.00 1.00 1.00 2.00 3.00 0.17 0.20 0.25 0.17 0.20 0.25 

C25 1.00 1.00 1.00 1.00 1.00 1.00 0.17 0.20 0.25 1.00 1.00 1.00 1.00 1.00 1.00 2.00 3.00 4.00 0.33 0.50 1.00 0.33 0.50 1.00 

C26 0.20 0.25 0.33 0.25 0.33 0.50 0.17 0.20 0.25 0.33 0.50 1.00 0.25 0.33 0.50 1.00 1.00 1.00 0.33 0.50 1.00 0.33 0.50 1.00 

C27 1.00 2.00 3.00 1.00 2.00 3.00 1.00 2.00 3.00 4.00 5.00 6.00 1.00 2.00 3.00 1.00 2.00 3.00 1.00 1.00 1.00 0.33 0.50 1.00 

C28 1.00 2.00 3.00 3.00 4.00 5.00 1.00 1.00 1.00 4.00 5.00 6.00 1.00 2.00 3.00 1.00 2.00 3.00 1.00 2.00 3.00 1.00 1.00 1.00 

CR=0.099 

 
 
 

Table B.4. Political criteria matrix. 
 C31 C32 C33 C34 

C31 1.00 1.00 1.00 0.25 0.33 0.50 0.25 0.33 0.50 0.17 0.20 0.25 

C32 2.00 3.00 4.00 1.00 1.00 1.00 1.00 1.00 1.00 0.33 0.50 1.00 

C33 2.00 3.00 4.00 1.00 1.00 1.00 1.00 1.00 1.00 0.25 0.33 0.50 

C34 4.00 5.00 6.00 1.00 2.00 3.00 2.00 3.00 4.00 1.00 1.00 1.00 

CR=0.086 
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Table B.5. Social criteria matrix. 
 C41 C42 

C41 1.00 1.00 1.00 0.11 0.11 0.13 

C42 8.00 9.00 9.00 1.00 1.00 1.00 

CR=0.007 
 
 
 
 
 
 

Table B.6. Environmental criteria matrix. 
 
  

C51 C52 C53 C54 C55 C56 C57 

C51 1.00 1.00 1.00 1.00 1.00 1.00 0.20 0.25 0.33 0.20 0.25 0.33 0.25 0.33 0.50 1.00 2.00 3.00 0.20 0.25 0.33 

C52 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.33 0.50 1.00 1.00 1.00 1.00 2.00 3.00 4.00 0.33 0.50 1.00 

C53 3.00 4.00 5.00 1.00 1.00 1.00 1.00 1.00 1.00 0.33 0.50 1.00 1.00 1.00 1.00 3.00 4.00 5.00 0.25 0.33 0.50 

C54 3.00 4.00 5.00 1.00 2.00 3.00 1.00 2.00 3.00 1.00 1.00 1.00 1.00 2.00 3.00 3.00 4.00 5.00 0.33 0.50 1.00 

C55 2.00 3.00 4.00 1.00 1.00 1.00 1.00 1.00 1.00 0.33 0.50 1.00 1.00 1.00 1.00 2.00 3.00 4.00 0.33 0.50 1.00 

C56 0.33 0.50 1.00 0.25 0.33 0.50 0.20 0.25 0.33 0.20 0.25 0.33 0.25 0.33 0.50 1.00 1.00 1.00 0.17 0.20 0.25 

C57 3.00 4.00 5.00 1.00 2.00 3.00 2.00 3.00 4.00 1.00 2.00 3.00 1.00 2.00 3.00 4.00 5.00 6.00 1.00 1.00 1.00 

CR=0.077 
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APPENDIX D  

 
Table C.1. Weights of renewable energy sources by technical criteria (C1). 

 C11 C12 C13 C14 C15 C16 C17 C18 C19 R.E.S. 
weights 

A1 0.22 0.106 0.273 0.219 0.261 0.294 0.075 0.274 0.245 0.214 
A2 0.166 0.27 0.368 0.176 0.439 0.429 0.075 0.438 0.294 0.276 
A3 0.166 0.164 0.081 0.141 0.057 0.095 0.134 0.119 0.084 0.120 
A4 0.134 0.27 0.076 0.081 0.09 0.118 0.177 0.104 0.083 0.121 
A5 0.314 0.189 0.202 0.382 0.152 0.065 0.538 0.065 0.294 0.268 

M.C. Weights 0.139 0.06 0.043 0.144 0.105 0.038 0.153 0.196 0.122  
CR 0.059 0.066 0.088 0.061 0.087 0.079 0.097 0.086 0.077  

Note: M.C., R.E.S., and CR denote main criteria, renewable energy sources, and Consistency rate, respectively. 
 
 

Table C.2 . Weights of renewable energy sources by economic criteria (C2). 

 C21 C22 C23 C24 C25 C26 C27 C28 R.E.S. 
weights 

A1 0.224 0.275 0.115 0.300 0.230 0.147 0.145 0.245 0.195 
A2 0.363 0.430 0.072 0.300 0.243 0.169 0.145 0.256 0.222 
A3 0.093 0.061 0.125 0.055 0.074 0.294 0.290 0.110 0.142 
A4 0.243 0.124 0.293 0.072 0.067 0.169 0.167 0.323 0.222 
A5 0.076 0.110 0.395 0.274 0.386 0.222 0.253 0.066 0.219 

M.C. Weights 0.131 0.086 0.219 0.043 0.083 0.042 0.181 0.215  
CR 0.096 0.095 0.060 0.052 0.057 0.055 0.043 0.084  

Note: M.C., R.E.S., and CR denote main criteria, renewable energy sources, and Consistency rate, respectively. 
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Table C.3. Weights of renewable energy sources by political criteria (C3). 

 C31 C32 C33 C34 R.E.S. weights 

A1 0.113 0.225 0.227 0.349 0.276 
A2 0.214 0.196 0.261 0.273 0.248 
A3 0.123 0.171 0.111 0.126 0.133 
A4 0.306 0.149 0.102 0.126 0.141 
A5 0.245 0.259 0.299 0.126 0.202 

M.C. Weights 0.080 0.229 0.207 0.484  
CR 0.051 0.043 0.059 0.050  

Note: M.C., R.E.S., and CR denote main criteria, renewable energy sources, and Consistency rate, respectively. 
 
 
 
 
Table C.4. Weights of renewable energy sources by social criteria (C4). 

 C41 C42 R.E.S. weights 

A1 0.341 0.148 0.167 
A2 0.29 0.148 0.162 
A3 0.107 0.257 0.242 
A4 0.163 0.224 0.218 
A5 0.099 0.224 0.212 

M.C. Weights 0.100 0.900  
CR 0.056 0.059  

Note: M.C., R.E.S., and CR denote main criteria, renewable energy sources, and Consistency rate, respectively. 
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Table C.5. Weights of renewable energy sources by environmental criteria (C5). 

 C51 C52 C53 C54 C55 C56 C57 R.E.S. weights 

A1 0.317 0.380 0.230 0.335 0.329 0.047 0.256 0.289 
A2 0.232 0.265 0.098 0.335 0.304 0.337 0.256 0.261 
A3 0.074 0.096 0.212 0.082 0.100 0.182 0.147 0.127 
A4 0.084 0.088 0.321 0.048 0.092 0.232 0.194 0.149 
A5 0.293 0.171 0.140 0.201 0.174 0.202 0.147 0.176 

M.C. Weights 0.063 0.115 0.138 0.217 0.135 0.042 0.290  
CR 0.090 0.074 0.067 0.046 0.066 0.071 0.065  

Note: M.C., R.E.S., and CR denote main criteria, renewable energy sources, and Consistency rate, respectively. 
 
 
   
 
Table C.6. Weights of renewable energy sources by all criteria. 

 C1 C2 C3 C4 C5 R.E.S. 
weights 

A1 0.214 0.195 0.276 0.167 0.289 0.23 
A2 0.276 0.222 0.248 0.162 0.261 0.24 
A3 0.120 0.142 0.133 0.242 0.127 0.14 
A4 0.121 0.222 0.141 0.218 0.149 0.18 
A5 0.268 0.219 0.202 0.212 0.176 0.22 

M.C. Weights 0.125 0.416 0.353 0.046 0.060  
Note: M.C. and R.E.S. denote main criteria and renewable energy sources respectively.
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