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Abstract

:

Global human pollutant activities have raised greenhouse gas (GHG) emissions, which have directly affected the climate. Fossil fuel-based energy has brought a negative impact on the environment and is considered one of the largest sources of GHG emissions. It is envisaged that GHG emissions will increase in the future due to rapid population growth and industrialization. Thus, it is imperative to mitigate climate variability and reduce GHGs by adopting renewable energy (RE) sources for electricity generation. In this regard, the multi-criteria decision analysis (MCDA) process would serve the purpose of framing out energy policy to analyze these environmentally friendly energy sources. This study uses an integrated decision methodology—a combination of Delphi, fuzzy analytical hierarchy process (FAHP), and the fuzzy weighted aggregated sum product assessment (FWASPAS)—for the adoption of RE sources for electricity generation in Turkey. Initially, the study identified five main criteria and seventeen sub-criteria using the Delphi method. Then, the FAHP method was used to evaluate and rank the main criteria and sub-criteria. Finally, the FWASPAS method was used to assess and prioritize five major RE sources for electricity generation. The FAHP analysis indicated that political criteria are the most influential, followed by economic and technical criteria. Further, the FWASPAS method revealed that wind energy is the most significant option for electricity generation. This decision-making process can help the energy planners to utilize RE sources for sustainable development.
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1. Introduction


Globally, the rampant increase in population, increased urbanization, and extended industrialization have been the main reasons for increasing energy consumption [1]. This increasing trend in energy demand has been causing environmental damage. Most of the countries in the world rely on fossil-fuel-based energy sources, which are the prime causes of global warming and climate change due to unprecedented increased levels of carbon emission. In the wake of the Paris agreement, mitigation and adaptation efforts are underway to reduce the reliance on traditional sources of energy. During the last decade, the global community has put forth strategies to implement sustainable energy policies to increase the utilization of renewable energy (RE) sources, such as solar, wind, hydro, and biomass for electricity generation [2]. Thus, the European Union (EU) has also adopted mitigation policies and strategies to protect environmental quality [3]. Adoption of low-carbon energy sources and a reduction in the usage of fossil fuels is fundamentally important for economic, environmental, social, technical, and political development [4]. However, it is quite difficult to determine the most feasible RE source to be utilized for electricity generation. Experts need to analyze the various RE technologies with respect to the multiple criteria and sub-criteria of the decision-making problem. This would provide important guidelines for the installation of RE technology, ensuring sustainable development.



Turkey is greatly dependent on imported energy sources, which account for 70% of its total energy consumption [5]. Fortunately, Turkey has a vast potential for RE sources, due to its geographical location. However, the share of RE is smaller in the total energy mix of the economy. Effective energy policies and strategies are required to promote RE projects. The RE technologies have numerous advantages due to their eco-friendly nature, and the use of such resources will help eliminate the imported energy supply, improve energy security and sustainable economic growth, and reduce GHG emissions. In addition to this, it would enable macroeconomic stability of the economy by decreasing the burden of energy imports and increase the share of domestic renewable resources. Moreover, the Turkish government has set a target to produce 30% of its total energy supply from RE sources by 2023 [6]. An energy strategy plan has been introduced, which aims to increase the electricity production capacity to 20,000 MW from wind energy by 2023. The Turkish government is also promoting and encouraging stakeholders to invest in solar and wind energy projects. Thus, the government has provided various incentive schemes to stimulate investment for the use of RE sources [7].



The installation of RE projects requires comprehensive planning and implementation of the projects considering environmental, economic, technical, political, and social aspects. The multi-criteria decision analysis (MCDA) serves this purpose well and enables the energy planners and policymakers to make assessment and analysis of these renewable projects [8]. The fuzzy-based MCDA models enable the minimization of uncertainty in human decision-making and provide robust results [9]. The selection of the most suitable RE source is an MCDA problem, due to its various conflicting criteria, such as socio-economic, environmental, and political factors involved, in assessing multiple RE sources for electricity generation. Therefore, a comprehensive decision-making process is required in order to achieve the objective and solve the decision-making problem.



This research aims to propose a detailed set of criteria and sub-criteria to analyze and rank RE sources for electricity generation in Turkey. For this purpose, the Delphi method, fuzzy analytical hierarchy process (FAHP) and fuzzy weighted aggregated sum product assessment (FWASPAS) methods were used to evaluate RE sources under a fuzzy environment. This research successfully attempts to analyze the main criteria and sub-criteria of RE sources. This is the very first study that utilizes the Delphi, FAHP, and FWASPAS methodologies to evaluate RE sources. In this study, the Delphi method is used to identify and finalize the main criteria and sub-criteria based on experts’ opinion and a literature review. Next, the FAHP approach is used to evaluate and prioritize main criteria and sub-criteria. Finally, the FWASPAS method is utilized to rank the RE sources for electricity generation in Turkey. This integrated decision methodology increases the robustness and effectiveness of the decision-making process.




2. Related Studies


In the decision-making process, it is complicated to determine the energy planning problem, since various uncertainties and fuzziness affect the decision. These uncertainties are not only socio-economic and technical, but also environmental and political [10]. Therefore, the MCDA approaches are suitable for analyzing the energy planning problem.



2.1. Applications of MCDA Methods Used in Sustainable Energy Planning


The MCDA techniques are considered crucial in analyzing the energy planning decision-making problem. Numerous studies have used different types of MCDA techniques with different aims and objectives. Table 1 shows the MCDA approaches employed for sustainable energy planning problems.



It is determined from the literature that MCDA approaches greatly help in addressing and assessing sustainable energy planning problems. In this study, the fuzzy-based AHP and WASPAS methods have been applied because the fuzzy set theory is a valuable technique that helps in minimizing the uncertainty of the decision problem [23]. Therefore, this research contributes to the existing literature by proposing Delphi, FAHP, and FWASPAS methodologies for the selection and evaluation of RE sources in the context of Turkey.




2.2. Identification of Main-Criteria and Sub-Criteria


In the study, five main criteria and seventeen sub-criteria were identified from the literature. These criteria and sub-criteria are useful in evaluating RE sources for electricity generation in Turkey. Table 2 presents the RE main criteria and sub-criteria of the study.



It was identified that MCDA techniques are very useful in solving the energy planning decision-making problem. To the best of our understanding, this is the very first effort to analyze and select the RE sources based on Delphi, FAHP, and FWASPAS methodologies. Therefore, in the present study, Delphi, FAHP, and the FWASPAS methods are used to assess and rank RE sources in Turkey.





3. Overview of Renewable Energy Sources in Turkey


RE is defined as energy sources that are continually replenished by nature with lower GHG emissions [44]. Turkey has significant RE potential to produce electricity generation. The major RE sources for Turkey are solar, wind, hydro, geothermal, and bioenergy [45]. Table 3 presents the potential of these RE sources.



3.1. Solar Energy


Turkey has a vast potential for solar energy as the location of the country lies in a region of high solar radiation, i.e., between 36° N and 42° N latitudes [47]. The country receives a total annual solar radiation duration of 2741 h (a total of 7.5 h/day), and the total solar energy derived per year is 1527 kWh/m2 per year (total 4.18 kWh/m2/day) [48]. The black sea region and southeast Anatolia have sufficient solar energy to generate electricity. Solar energy would be a guarantee to mitigate dependency on energy imports and enhance energy security for the sustainable development of Turkey. The direct normal irradiation map of Turkey is presented in Figure 1 [49].




3.2. Wind Energy


Wind energy is a substantial low-carbon energy source for producing sustainable electricity. Many countries in the world are benefiting from this renewable source by generating electricity. Turkey also has a large potential for wind energy in a number of cities and regions [50]. Wind speed, with a low of about 3.5 m/s and a high of 5 m/s at an anemometer height of 10 m, is recorded in different regions of the country. The most attractive and potential windy regions in Turkey include the Marmara Sea region, the Aegean Sea Coast, the Mediterranean Coast, and Anatolia Island [51]. The country is hopefully installing new wind energy plants to produce electricity up to 20 GW by 2023 [52]. This effort will help the country to supply 30% of electricity production from wind energy. In order to achieve this target, the government should initiate effective energy policies for stakeholders to minimize the risks in installing the RE project.




3.3. Hydropower


Hydropower is a vital sustainable energy source for producing electricity in Turkey [6]. In the country, the total potential of hydropower is nearly 36 GW, or 190 billion kWh/year. However, this may drop to 130 billion kWh/year, due to climate change [53]. Turkey has planned to install more hydropower plants and expand to 45,000 MW by 2020 for generating electricity. This energy plan would cost more than 40 billion US dollars. Further, hydropower is evaluated as a green and clean energy source. However, sometimes, due to negligence, while selecting the location of the dam, it can become hazardous to the environment as it causes the destruction or migration of its various inhabitants. Therefore, the government should offer an attractive and effective policy plan for stakeholders to invest in RE sources without facing any risk in project development.




3.4. Geothermal Energy


Turkey has substantial potential in geothermal energy. The available geothermal energy potential is approximately 2000 MW to generate electricity [50]. The country’s total geothermal heating capacity is around 31,500 MW, and heating capacity runs at 983 MW, which is equivalent to providing electricity to 120,000 households. The main cities that have geothermal district heating systems are Simav, Kırşehir, and Gönen [54]. Moreover, geothermal energy is considered environmentally-friendly technology, which produces only 75–80 g CO2-eq/kWh [55]; however, other energy sources generate more GHGs.




3.5. Bioenergy


Turkey is an agricultural country with significant potential for biomass production [56]. The various biomass sources, such as cotton stalks, wheat straw, sugar cane, corn cubs, animal dung, rice husk, and bagasse, are used inefficiently for cooking and heating purposes. If these sources can be appropriately managed, then they could be the source of biogas and rural electrification for cooking facilities. The total biomass potential is 168.7 TWh/year in the country available for electricity generation [56]. Therefore, the Turkish government should also develop an evaluation program for biomass energy production in the country.



It is identified that the country is very rich in RE sources; therefore, it is essential to build sustainable energy plans and strategies for its development. However, analyzing these sustainable energy sources is a challenging and complex task with different opinions of stakeholders, governments, and policymakers. Therefore, this study develops an integrated decision methodology based on the Delphi, FAHP, and FWASPAS approaches for the selection of RE sources in Turkey.





4. An Integrated Decision Methodology


This research used Delphi, FAHP, and FWASPAS methodologies to analyze main criteria, sub-criteria, and RE sources for electricity generation in Turkey. Figure 2 shows the proposed integrated decision methodology of the current study. Firstly, the Delphi method was analyzed to finalize main criteria and sub-criteria. Secondly, the FAHP method was used to assess these criteria. Lastly, the FWASPAS approach was employed to rank the RE sources for sustainable electricity generation in Turkey. In this study, twelve experts took part during the Delphi, FAHP, and FWASPAS process. The consulted experts were asked to evaluate criteria, sub-criteria, and RE sources for sustainable development in Turkey.



4.1. The Delphi Method


In the present study, the Delphi method was utilized to analyze the important criteria and sub-criteria for sustainable energy deployment in Turkey. The purpose of using the Delphi method is to confirm the criteria by collecting and surveying experts’ opinions about the particular problem. The survey can be obtained through group discussions, webmail services, semi-structured interviews, and questionnaires [57]. In this approach, the group of professional and experienced experts shares their feedback, knowledge, and ideas to form a mutual consensus on the decision problem [44]. Several vital steps are involved in the implementation of the Delphi method. These steps include the selection of decision-makers or experts and the first and second round of the questionnaire survey, and this process continues or repeats until the survey respondents reach a mutual consensus [58].



In the Delphi method, the researchers are not restricted on the number of survey respondents for determining the opinion for any particular problem. However, in the literature, different studies have proposed different numbers of experts for validating the data, but 9 to 18 experts are feasible for analyzing the decision problem with respect to the Delphi process [59]. The presented study consulted with 12 experts to participate and provide meaningful opinions through a webmail service for analyzing the criteria and sub-criteria. Each of the experts was asked to provide weights using a five-point Likert scale. The questionnaire survey and expert details are provided in Appendix A.




4.2. FAHP Method


AHP is a very important methodology of MCDA [60]. In this study, the fuzzy-based AHP was used to obtain more robust and reliable results in the fuzzy environment. The pairwise comparison was operated into a matrix using triangular fuzzy numbers (TFNs). The TFNs rating scale is shown in Table 4.



The procedure of the FAHP method was followed according to Ref. [62].



The matrices are considered consistent if the value of CR is less than 0.1. However, if the value of CR surpasses 0.1, then the results are considered inconsistent. Gogus and Boucher redeveloped the random index for fuzzy pairwise comparison matrices. Table 5 illustrates the RI value for each matrix, which was proposed by Gogus and Boucher.




4.3. FWASPAS Method


The WASPAS method was proposed by Zavadskas in 2012 [63]. In this study, the WASPAS method extends with fuzzy set theory because this approach is very strong and provides a robust outcome in the fuzzy environment by assigning the relative importance of attributes using fuzzy numbers instead of precise numbers. The linguistic variables matching triangular fuzzy numbers (TFNs) are presented in Table 6.



The WASPAS method consists of two main aggregated parts [64]: (i) the weighted sum model (WSM); and (ii) the weighted product model (WPM). WSM determines the overall weight score of alternatives as a weighted sum of the attribute values, while the WPM method is proposed or developed in order to evade alternatives with deprived or poor attribute values. The mathematical steps of the FWASPAS method is provided in Ref. [65].



In this study, an integrated decision procedure was followed for the Delphi, FAHP, and FWASPAS methods. In the following sections, the evaluation process of the main criteria, sub-criteria, and RE sources was undertaken to analyze this decision-making problem.





5. Results and Discussion


This study proposed Delphi, FAHP, and FWASPAS approaches to analyze and rank RE sources to generate electricity in Turkey. First, the Delphi method finalized five main criteria and seventeen sub-criteria for the selection of RE sources. Next, FAHP was used to evaluate the various important criteria and sub-criteria. Finally, the FWASPAS method was employed to rank RE sources for electricity generation.



5.1. Results of FAHP Method


The FAHP technique was used to assess and prioritize the main criteria and sub-criteria, while the FWASPAS method was employed to rank the RE sources to accomplish the goal of the study. Therefore, the four-level hierarchical decision framework is presented in Figure 3. The detailed analysis, i.e., the fuzzy pairwise comparison of the main criteria and sub-criteria using the FAHP method, is shown in Appendix B. In the following sections, the results of FAHP are presented.



5.1.1. Ranking of Main-Criteria and Sub-Criteria


In this section, the main criteria and sub-criteria of RE sources were identified using the FAHP technique. Table 7 shows the ranking of the main criteria and sub-criteria, with respect to the decision goal of the study. The results show that the political criterion (POF), with a weight of 0.266 (26.60%), is an essential criterion for the selection of RE sources. The economic criterion (ECF) is considered the second most important criterion, with a weight of 0.234 (23.40%). Moreover, the technical (TEF) and environmental (ENF) criteria obtained the third and fourth rank, respectively, for the evaluation of RE sources. The social criterion (SOF), with a weight of 0.139 (13.90%), received the lowest weight score. Thus, the ranking of each criterion shows its importance in analyzing RE sources for electricity generation in Turkey.



It is identified from Table 7 that land requirements (ENF2) is the first-ranked sub-criterion, with a weight of 0.349 (34.90%), from the environmental criterion (ENF) perspective, since obtaining the land for installing any RE project is the most important factor for the energy planners. The GHG emissions (ENF1) sub-criterion was second-ranked, with a weight of 0.332 (33.20%). The RE technology, which produces less or zero carbon emissions, is considered a feasible option for sustainable electricity generation. Moreover, the noise (ENF3) sub-criterion achieved the least important weight of 0.319 (31.90%). However, all the environmental sub-criteria are very crucial for producing sustainable electricity generation in Turkey.



It can be seen from Table 7 that capital cost (ECF2) is the most crucial sub-criterion, with a weight of 0.268 (26.80%), for the deployment of RE projects in Turkey. This ECF2 sub-criterion belongs to economic criterion (ECF). The capital cost is important for installing any sustainable energy project, due to financial limitations and the unavailability of bank loans for investors. The power generation cost (ECF3) is considered the second-ranked sub-criterion, with a weight of 0.250 (25%). The power generation cost of any sustainable energy project should be less than or convenient, as compared to fossil fuel electricity generation. The R&D cost (ECF1) and resource potential (ECF4) were ranked as the third and fourth economic sub-criteria, respectively.



Moreover, it is identified that technology maturity (TEF1) is the first-priority sub-criterion, with a weight of 0.268 (26.80%), from the technical criteria (TEF) perspective. This priority order indicates that technology is the crucial element for the expansion of any RE project. The efficiency (TEF4) and HR experts (TEF3) are the second- and third-ranked vital sub-criteria, respectively. Further, the on-grid access (TEF2) is the least important for the development of the sustainable energy project.



Further, it is identified that RE policies and plans (POF1) is the most feasible sub-criterion, with a weight of 0.3940 (39.40%), from the political criterion (POF) perspective. This analysis shows that effective and efficient low-carbon energy policies are required to deploy the RE projects in order to generate sustainable electricity. The institutional arrangements (POF2) is the second-highest vital sub-criterion, with a weight of 0.3620 (36.20%), whereas energy security (POF3) secured the third-ranked sub-criterion. Thus, it is essential that all these political sub-criteria are taken into account to produce sustainable electricity in Turkey.



From the social criterion (SOF) perspective, it is shown that public acceptance (SOF1) is the most important sub-criterion, with a weight of 0.348 (34.80%). This indicates that public acceptance is a vital sub-criterion for implementing any RE project. The employment opportunities (SOF2) received the second-highest weight of 0.343 (34.30%), while public awareness is the least essential sub-criterion with a weight of 0.309 (30.90%). The analysis shows that all of these social sub-criteria are essential for installing the RE project.




5.1.2. Ranking of Overall Sub-Criteria


The overall sub-criteria results were identified using the FAHP method. The weights of the sub-criteria were multiplied with the main criteria weight to obtain the final weights. Table 8 shows the final weight of RE sub-criteria. Overall, seventeen sub-criteria were analyzed in the study. The results show that RE energy policies and plans (POF1) is the top-ranked sub-criterion, with a weight of 0.1048 (10.48%), for sustainable electricity generation in Turkey. The institutional arrangements (POF2) appeared as the second important sub-criterion, while energy security (POF3) was considered as the third vital sub-criterion. These three sub-criteria belong to the political criterion (POF). The remaining prioritizing order of sustainable energy sub-criteria are as follows: ECF2 < ECF3 < ECF1 < TEF1 < ECF4 < ENF2 < TEF4 < ENF1 < TEF3 < ENF3 < SOF1 < TEF2 < SOF2 < SOF3.





5.2. Results of FWASPAS Method


Following the identification and analysis of the RE criteria and sub-criteria using the FAHP method, this section further evaluates five RE energy sources using the FWASPAS method. The experts’ opinions helped in identifying the optimal RE sources for electricity generation in Turkey. The analysis was done using TFNs for constructing a fuzzy integrated decision matrix, fuzzy normalized decision matrix, and fuzzy weighted normalized decision matrix for WSM and WPM (see Appendix C).



The ranking order of five RE sources based on    X i   ,    Y i   , and    K i    values is presented in Table 9. Further, the RE source with the highest value of    K i    is considered as the most feasible alternative; therefore, the final ranking of the RE sources is shown in Figure 4. The results of the FWASPAS indicate that wind energy, with a weight of 0.684, is the most feasible option for generating electricity in Turkey, while solar energy is considered the second most important RE source, with a weight of 0.627. Hydropower obtained the third rank, with a weight of 0.617. Geothermal and bioenergy were considered the least important RE sources. Indeed, all these RE energy sources are very significant for sustainable electricity generation in Turkey.



The objective of the current research was to assess the RE main criteria and sub-criteria and RE sources for sustainable electricity generation in Turkey. Thus, the FAHP and FWASPAS techniques were effectively used to address and analyze this energy planning problem.




5.3. Discussion


In this research, five RE resources were selected as a case study for Turkey. Each of the RE sources was analyzed with the proposed five main criteria and seventeen sub-criteria for adopting sustainable energy projects. The developed integrated decision methodology, i.e., the Delphi, FAHP, and FWASPAS techniques, were used to solve this multi-faceted problem. The FAHP results revealed that the political criterion (POF) is the most appropriate criterion for selecting a feasible RE source. The economic (ECF) and technical (TEC) criteria are moderately important criteria. Further, the results show that RE policies and plans (POF1) is the most crucial sub-criterion in assessing and selecting any RE source. The final results of the FWASPAS method show that wind energy is the most suitable sustainable technology for the development of energy projects.



This research identifies, evaluates, and prioritizes the main criteria and sub-criteria for implementing the RE project. After analyzing these criteria, the RE sources were ranked to produce sustainable electricity in Turkey. Several studies relating to the development of RE sources using different MCDA methods are available in the literature. Shen et al. [11] proposed RE sources portfolio in order to achieve economic, environmental, and energy policy goals for Taiwan using the AHP method. The authors indicate that solar energy, wind energy, and non-pumped storage hydropower can accomplish the economic, environmental, and energy policy goals of Taiwan. The findings of [12] show that the economic criterion is the most important criterion, and hydropower is the most significant sustainable energy source for electricity generation in Kazakhstan; in the study, the authors used the AHP method to analyze the decision-making problem. The study by [13] found that social and environmental criteria are the most crucial criteria, and solar energy is a suitable RE source in the context of Algeria. The results of the present study are partially similar to [14]; they found, using the AHP method, that the economic criterion is the main-criterion, and solar energy is the main RE source for sustainable electricity production in Malaysia. The analysis of the previous study using the FAHP method reveals that the environmental criterion is the most feasible dimension for sustainable evaluation in energy planning in India [15]. The authors analyzed the decision problem pertaining to the selection of RE alternatives using the FAHP method [16]. The results show that hydropower is a suitable RE alternative for electricity production. Moreover, [19] identified the most appropriate low-emission energy technology development in Poland using FAHP and FTOPSIS methodology; their results indicate that solar PV is the most feasible low-emission energy technology for electricity generation. Ren and Sovacool [21] analyzed and ranked the low-carbon energy sources of China using the AHP and TOPSIS methods. The authors selected four dimensions, ten matrices, and five low-carbon energy sources; their results indicate that availability is the most significant dimension, while hydropower and wind are the two important low-carbon energy sources to enhance the energy security of China. Zhang et al. [22] ranked the renewable micro-generation technologies in Lithuania based on TOPSIS, EDAS, and WASPAS methods; their results show that biomass boiler is the most significant micro-generation technology in households



There are several other studies in which authors used different MCDA methods to analyze a similar type of decision-making problem. However, in this research, we used Delphi, FAHP, and FWASPAS methods in order to assess the RE sources of Turkey. The proposed integrated decision methodology is validated using the Delphi, FAHP, and FWASPAS approaches. The aim was to select the feasible RE sources for electricity production in Turkey. The evaluation process of this study enables the government to implement RE source projects to produce electricity. Therefore, this study would be very useful for governments, stakeholders, and decision-makers to implement sustainable energy projects in the country.





6. Conclusions


Due to energy imports in Turkey, its consumers pay high prices for electricity. Nevertheless, the increasing population and industrialization have forced the government to deploy sustainable energy sources to complete the energy requirements of the country. Therefore, the country should utilize its RE sources, considering future energy needs. In this study, Delphi, FAHP, and FWASPAS methods were used to evaluate the RE sources of Turkey. First, the Delphi method finalized the important criteria and sub-criteria. Then, the FAHP was used to evaluate these identified criteria and sub-criteria. Finally, the FWASPAS approach was used to evaluate and rank the RE sources for electricity generation.



The results of the FAHP method revealed that the political criterion (POF) is the most significant criterion for the selection of RE sources. The economic (ENC) and technical (TEF) criteria were considered the second and third most important criteria, respectively. Further analysis indicated that RE policies and plans (POF1), institutional arrangements (POF2), and energy security (POF3) are the most significant sub-criteria for the selection of sustainable energy technology. Moreover, the results of the FWASPAS method showed that wind is the top-priority ranked RE source for producing electricity in Turkey. Solar energy and hydropower ranked second and third, respectively. Thus, wind energy has huge potential to generate electricity and could be sufficient to fulfill the current and future energy demands of the country. Furthermore, the implementation of wind energy sources can minimize environmental damage and reduce the dependence on traditional energy sources. Therefore, wind energy can play an essential role in the sustainable development of the country. Moreover, this source of energy is very useful for providing electricity to both urban and rural regions.



This study has several limitations that can be overcome in future research studies: for instance, the inclusion of more professional experts from various Turkish industries; it was not easy to approach them to participate in the survey. Sustainable energy is considered as a basic driving force for the economic development of any country. Nevertheless, due to various factors, the implementation of an RE project takes time and incurs delays, which also cause huge losses to the stakeholders. In this regard, proper sustainable energy policy should be planned by the government for the effective adoption of the RE project and sustainable development of the country. In the future, a similar type of study can be undertaken based on different MCDA methods, such as ANP, TOPSIS, DEA, VIKOR, and DEMATEL, for comparative purposes. Moreover, the researchers should identify more RE criteria and sub-criteria for the successful implementation of sustainable energy projects.
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Appendix A. Questionnaire Survey on “Analyzing RE Sources for the Electricity Generation in Turkey”
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Table A1. Please rate the opinion on a five-point Likert scale on the following criteria in terms of their importance in analyzing RE sources.






Table A1. Please rate the opinion on a five-point Likert scale on the following criteria in terms of their importance in analyzing RE sources.





	
Criteria

	
Extremely Important

	
Very Important

	
Neutral

	
Low Important

	
Not at all Important




	
5

	
4

	
3

	
2

	
1






	
Environmental criteria (ENF)

	

	

	

	

	




	
GHGs emissions (ENF1)

	

	

	

	

	




	
Land Requirement (ENF2)

	

	

	

	

	




	
Noise (ENF3)

	

	

	

	

	




	
Economic criteria (ECF)

	

	

	

	

	




	
R&D cost (ECF1)

	

	

	

	

	




	
Capital cost (ECF2)

	

	

	

	

	




	
Power generation cost (ECF3)

	

	

	

	

	




	
Resource Potential (ECF4)

	

	

	

	

	




	
Technical criteria (TEF)

	

	

	

	

	




	
Technology maturity (TEF1)

	

	

	

	

	




	
On-grid access (TEF2)

	

	

	

	

	




	
HR experts (TEF3)

	

	

	

	

	




	
Efficiency (TEF4)

	

	

	

	

	




	
Political criteria (POF)

	

	

	

	

	




	
RE policies and plans (POF1)

	

	

	

	

	




	
Institutional arrangements (POF2)

	

	

	

	

	




	
Energy Security (POF3)

	

	

	

	

	




	
Social criteria (SOF)

	

	

	

	

	




	
Public acceptance (SOF1)

	

	

	

	

	




	
Employment opportunities (SOF2)

	

	

	

	

	




	
Public awareness (SOF3)
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Table A2. Demographic information of the experts.






Table A2. Demographic information of the experts.





	Serial Number
	Designation
	Gender
	Qualification
	Age
	Organization





	1
	Professor
	Male
	Ph.D.
	55
	Gazi University



	2
	Associate Professor
	Female
	Ph.D.
	39
	Istanbul Technical University



	3
	Professor
	Male
	Ph.D.
	53
	Ankara University



	4
	Economist
	Male
	Ph.D.
	50
	Department of Trade



	5
	Economic Analyst
	Female
	Masters
	42
	Economic Development Department



	6
	Senior Manager
	Male
	Ph.D.
	45
	Alarko Energy Group



	7
	Project Manager
	Male
	Ph.D.
	40
	Ankara Turkish Electric Power



	8
	Deputy Secretary
	Female
	Masters
	42
	Ministry of Foreign Affairs



	9
	Manager
	Male
	Masters
	45
	Turkish Electricity Transmission Corporation



	10
	Director
	Male
	Ph.D.
	46
	Turkish Electricity Transmission Corporation



	11
	Stakeholder
	Male
	Masters
	54
	Onur Energy, Izmir



	12
	Stakeholder
	Male
	Masters
	50
	Park Green Energy, Ankara









Appendix B. Fuzzy AHP Results
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Table A3. Fuzzy pairwise comparison with respect to the selection of RE sources.
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	ENF
	ECF
	TEF
	POF
	SOF





	ENF
	(1.000,1.000,1.000)
	(0.250,0.490,1.000)
	(0.333,0.707,1.000)
	(0.250,0.357,1.000)
	(1.000,1.413,3.000)



	ECF
	(1.000,2.041,4.000)
	(1.000,1.000,1.000)
	(0.333,1.259,3.000)
	(0.333,0.891,1.000)
	(1.000,2.450,4.000)



	TEF
	(1.000,1.414,3.003)
	(0.333,0.794,3.003)
	(1.000,1.000,1.000)
	(0.333,0.500,1.000)
	(0.333,1.513,4.000)



	POF
	(1.000,2.801,4.000)
	(1.000,1.122,3.003)
	(1.000,2.000,3.003)
	(1.000,1.000,1.000)
	(2.000,3.429,6.000)



	SOF
	(0.333,0.708,1.000)
	(0.250,0.408,1.000)
	(0.250,0.661,3.003)
	(0.167,0.292,0.500)
	(1.000,1.000,1.000)
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Table A4. Fuzzy pairwise comparison with respect to environmental criteria (ENF).
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	ENF1
	ENF2
	ENF3





	ENF1
	(1.000,1.000,1.000)
	(0.250,0.742,4.000)
	(0.250,1.259,4.000)



	ENF2
	(0.250,1.348,4.000)
	(1.000,1.000,1.000)
	(0.333,1.543,4.000)



	ENF3
	(0.250,0.794,4.000)
	(0.250,0.648,3.003)
	(1.000,1.000,1.000)
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Table A5. Fuzzy pairwise comparison with respect to economic criteria (ECF).
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	ECF1
	ECF2
	ECF3
	ECF4





	ECF1
	(1.000,1.000,1.000)
	(0.200,0.589,3.000)
	(0.250,0.891,4.000)
	(0.250,1.259,5.000)



	ECF2
	(0.333,1.698,5.000)
	(1.000,1.000,1.000)
	(1.000,1.413,3.000)
	(0.333,1.944,7.000)



	ECF3
	(0.250,1.122,4.000)
	(0.333,0.708,1.000)
	(1.000,1.000,1.000)
	(0.333,1.732,4.000)



	ECF4
	(0.200,0.794,4.000)
	(0.143,0.514,3.003)
	(0.250,0.577,3.003)
	(1.000,1.000,1.000)
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Table A6. Fuzzy pairwise comparison with respect to technical criteria (TEF).
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	TEF1
	TEF2
	TEF3
	TEF4





	TEF1
	(1.000,1.000,1.000)
	(1.000,2.000,5.000)
	(0.250,1.348,4.000)
	(0.250,1.586,4.000)



	TEF2
	(0.200,0.500,1.000)
	(1.000,1.000,1.000)
	(0.333,0.891,3.000)
	(0.250,0.779,4.000)



	TEF3
	(0.250,0.742,4.000)
	(0.333,1.122,3.003)
	(1.000,1.000,1.000)
	(0.250,0.874,5.000)



	TEF4
	(0.250,0.631,4.000)
	(0.250,1.284,4.000)
	(0.200,1.144,4.000)
	(1.000,1.000,1.000)
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Table A7. Fuzzy pairwise comparison with respect to political criteria (POF).
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	POF1
	POF2
	POF3





	POF1
	(1.000,1.000,1.000)
	(0.333,1.347,4.000)
	(1.000,2.038,4.000)



	POF2
	(0.250,0.742,3.003)
	(1.000,1.000,1.000)
	(1.000,1.619,4.000)



	POF3
	(0.250,0.491,1.000)
	(0.250,0.618,1.000)
	(1.000,1.000,1.000)
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Table A8. Fuzzy pairwise comparison with respect to social criteria (SOF).
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	SOF1
	SOF2
	SOF3





	SOF1
	(1.000,1.000,1.000)
	(0.333,1.070,4.000)
	(0.333,1.375,4.000)



	SOF2
	(0.250,0.935,3.003)
	(1.000,1.000,1.000)
	(1.000,1.348,4.000)



	SOF3
	(0.250,0.727,3.003)
	(0.250,0.742,1.000)
	(1.000,1.000,1.000)









Appendix C. Fuzzy WASPAS Results
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Table A9. Fuzzy integrated decision matrix.
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	ENF1
	ENF2
	ENF3
	ECF1
	ECF2
	ECF3
	ECF4
	TEF1
	TEF2
	TEF3
	TEF4
	POF1
	POF2
	POF3
	SOF1
	SOF2
	SOF3





	A1
	4.66,6.66,8.33
	5.33,7.16,8.5
	1.83,3.33,5.16
	3.91,5.83,7.58
	4.66,6.33,7.75
	3,4.83,6.66
	2.91,4.66,6.50
	4.16,6,7.83
	1.83,3.33,5.16
	5.66,7.50,8.91
	4,6,7.83
	2.75,4.41,6.16
	3,4.83,6.66
	4.16,6,7.66
	4.66,6.33,7.75
	4,6,7.75
	3.66,5.50,7.25



	A2
	5.08,6.75,8
	4.58,6.41,8
	5.83,7.58,8.75
	2.25,3.91,5.83
	5.83,7.58,8.75
	1.58,3,4.83
	4,6,7.75
	6.66,8.33,9.33
	3.83,5.66,7.41
	3.33,5.16,7
	3.66,5.41,7.08
	5.33,7.16,8.58
	3.33,5.16,7
	5.66,7.50,8.91
	5.33,7.16,8.58
	3,5,7
	4.66,6.58,8.16



	A3
	4.66,6.50,8
	3.33,5.08,6.83
	3.66,5.41,7.08
	5,6.75,8.08
	2.25,4,6
	4,6,7.75
	5.66,7.33,8.50
	2.91,4.66,6.50
	3.33,5.08,6.83
	3.08,4.83,6.66
	2.16,3.66,5.50
	4,5.8,7.58
	6.16,7.83,9
	1.75,3.50,5.50
	4.33,6.25,7.83
	3.33,5.08,6.83
	3.33,5.08,6.83



	A4
	2.58,4.25,6
	2.41,4.08,5.83
	4.33,6,7.41
	1.25,2.83,4.83
	2.50,4.33,6.16
	4.16,5.83,7.33
	2.25,4,6
	6.50,8.25,9.41
	5,6.58,7.83
	4.75,6.41,7.83
	6.33,8,9.08
	2.41,4.08,5.83
	4.66,6.41,7.75
	2.41,4.16,6
	5,6.75,8.08
	2.75,4.41,6.16
	6.50,8.16,9.25



	A5
	3.75,5.41,7.08
	4.16,6.16,7.91
	3.50,5.25,7
	4.83,6.66,8.08
	1.58,3,4.83
	6,7.75,9
	3.25,5,6.75
	2.25,4,6
	1.83,3.33,5.16
	2.66,4.16,5.83
	4.08,5.83,7.41
	1.75,3.08,4.75
	4.16,6.16,7.91
	2.41,4.16,6.16
	5.50,7.25,8.50
	4.66,6.66,8.33
	4.16,6.16,7.91
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Table A10. Fuzzy normalized decision matrix.
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	ENF1
	ENF2
	ENF3
	ECF1
	ECF2
	ECF3
	ECF4
	TEF1
	TEF2
	TEF3
	TEF4
	POF1
	POF2
	POF3
	SOF1
	SOF2
	SOF3





	A1
	0.56,0.80,1
	0.62,0.84,1
	0.20,0.38,0.59
	0.48,0.72,0.93
	0.53,0.72,0.88
	0.33,0.53,0.74
	0.34,0.54,0.76
	0.44,0.63,0.83
	0.23,0.42,0.65
	0.63,0.84,1
	0.44,0.66,0.86
	0.32,0.51,0.71
	0.33,0.53,0.74
	0.46,0.67,0.85
	0.54,0.73,0.90
	0.48,0.72,0.93
	0.39,0.59,0.78



	A2
	0.61,0.81,0.97
	0.53,0.75,0.94
	0.66,0.86,1
	0.27,0.48,0.72
	0.66,0.86,1
	0.17,0.33,0.53
	0.47,0.70,0.91
	0.70,0.88,0.99
	0.48,0.72,0.94
	0.37,0.57,0.78
	0.40,0.59,0.77
	0.62,0.83,1
	0.37,0.57,0.77
	0.63,0.84,1
	0.62,0.83,1
	0.36,0.60,0.84
	0.50,0.71,0.88



	A3
	0.56,0.78,0.96
	0.39,0.59,0.80
	0.41,0.61,0.80
	0.61,0.83,1
	0.25,0.45,0.68
	0.44,0.66,0.86
	0.66,0.86,1
	0.30,0.49,0.69
	0.42,0.64,0.87
	0.34,0.54,0.74
	0.23,0.40,0.60
	0.46,0.67,0.88
	0.68,0.87,1
	0.19,0.39,0.61
	0.50,0.72,0.91
	0.40,0.61,0.82
	0.36,0.54,0.73



	A4
	0.31,0.51,0.72
	0.28,0.48,0.68
	0.49,0.68,0.84
	0.15,0.35,0.59
	0.28,0.49,0.70
	0.46,0.64,0.81
	0.26,0.47,0.70
	0.69,0.87,1
	0.63,0.84,1
	0.53,0.71,0.87
	0.69,0.88,1
	0.28,0.47,0.67
	0.51,0.71,0.86
	0.27,0.46,0.67
	0.58,0.78,0.94
	0.33,0.53,0.74
	0.70,0.88,1



	A5
	0.45,0.65,0.85
	0.49,0.72,0.93
	0.40,0.60,0.80
	0.59,0.82,1
	0.18,0.34,0.55
	0.66,0.86,1
	0.38,0.58,0.79
	0.23,0.42,0.63
	0.23,0.42,0.65
	0.29,0.46,0.65
	0.44,0.64,0.81
	0.20,0.35,0.55
	0.46,0.68,0.87
	0.27,0.46,0.69
	0.64,0.84,0.99
	0.56,0.80,1
	0.45,0.66,0.85
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Table A11. Fuzzy weighted normalized matrix for WSM.






Table A11. Fuzzy weighted normalized matrix for WSM.

























	
	ENF1
	ENF2
	ENF3
	ECF1
	ECF2
	ECF3
	ECF4
	TEF1
	TEF2
	TEF3
	TEF4
	POF1
	POF2
	POF3
	SOF1
	SOF2
	SOF3





	A1
	0.032,0.046,0.058
	0.036,0.048,0.058
	0.012,0.022,0.034
	0.028,0.041,0.054
	0.030,0.042,0.051
	0.019,0.031,0.043
	0.019,0.031,0.044
	0.025,0.037,0.048
	0.013,0.024,0.038
	0.036,0.048,0.058
	0.025,0.038,0.050
	0.018,0.029,0.041
	0.019,0.031,0.043
	0.027,0.039,0.049
	0.031,0.042,0.052
	0.027,0.041,0.053
	0.023,0.034,0.045



	A2
	0.035,0.047,0.056
	0.031,0.043,0.054
	0.038,0.050,0.058
	0.016,0.028,0.041
	0.038,0.050,0.058
	0.010,0.019,0.031
	0.027,0.040,0.052
	0.041,0.051,0.057
	0.028,0.042,0.054
	0.021,0.033,0.045
	0.023,0.034,0.045
	0.036,0.048,0.058
	0.021,0.033,0.045
	0.036,0.048,0.058
	0.036,0.048,0.058
	0.020,0.034,0.048
	0.029,0.041,0.051



	A3
	0.032,0.045,0.055
	0.022,0.034,0.046
	0.024,0.035,0.047
	0.035,0.048,0.058
	0.014,0.026,0.039
	0.025,0.038,0.049
	0.038,0.050,0.058
	0.018,0.028,0.040
	0.024,0.037,0.050
	0.020,0.031,0.043
	0.013,0.023,0.035
	0.027,0.039,0.051
	0.039,0.050,0.058
	0.011,0.022,0.035
	0.029,0.042,0.052
	0.023,0.035,0.047
	0.020,0.031,0.042



	A4
	0.018,0.029,0.041
	0.016,0.027,0.039
	0.028,0.039,0.049
	0.009,0.020,0.034
	0.016,0.028,0.040
	0.026,0.037,0.047
	0.015,0.027,0.040
	0.040,0.050,0.058
	0.037,0.048,0.058
	0.030,0.041,0.051
	0.040,0.051,0.058
	0.016,0.027,0.039
	0.030,0.041,0.049
	0.015,0.027,0.039
	0.033,0.045,0.054
	0.019,0.030,0.042
	0.040,0.051,0.058



	A5
	0.026,0.037,0.049
	0.028,0.042,0.054
	0.023,0.034,0.046
	0.034,0.047,0.058
	0.010,0.019,0.032
	0.038,0.049,0.058
	0.022,0.034,0.046
	0.013,0.024,0.037
	0.013,0.024,0.038
	0.017,0.027,0.037
	0.026,0.037,0.047
	0.011,0.020,0.032
	0.026,0.039,0.051
	0.015,0.027,0.040
	0.037,0.049,0.057
	0.032,0.046,0.058
	0.026,0.038,0.049
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Table A12. Fuzzy weighted normalized matrix for WPM.
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	ENF1
	ENF2
	ENF3
	ECF1
	ECF2
	ECF3
	ECF4
	TEF1
	TEF2
	TEF3
	TEF4
	POF1
	POF2
	POF3
	SOF1
	SOF2
	SOF3





	A1
	0.966,0.987,1
	0.973,0.990,1
	0.913,0.945,0.969
	0.958,0.981,0.996
	0.964,0.981,0.993
	0.938,0.964,0.982
	0.939,0.965,0.984
	0.953,0.974,0.989
	0.919,0.951,0.976
	0.974,0.990,1
	0.953,0.976,0.991
	0.936,0.962,0.981
	0.938,0.964,0.982
	0.956,0.977,0.991
	0.965,0.982,0.994
	0.958,0.981,0.995
	0.947,0.970,0.986



	A2
	0.971,0.987,0.998
	0.964,0.983,0.996
	0.976,0.991,1
	0.928,0.958,0.981
	0.976,0.991,1
	0.904,0.938,0.964
	0.957,0.980,0.994
	0.980,0.992,0.999
	0.959,0.981,0.996
	0.944,0.968,0.986
	0.948,0.970,0.985
	0.972,0.989,1
	0.944,0.968,0.985
	0.974,0.990,1
	0.972,0.989,1
	0.942,0.970,0.989
	0.961,0.980,0.992



	A3
	0.966,0.985,0.997
	0.947,0.970,0.987
	0.950,0.972,0.987
	0.972,0.989,1
	0.924,0.955,0.978
	0.954,0.976,0.991
	0.976,0.991,1
	0.934,0.960,0.978
	0.951,0.975,0.992
	0.940,0.965,0.983
	0.920,0.948,0.971
	0.956,0.977,0.992
	0.978,0.992,1
	0.909,0.947,0.972
	0.961,0.981,0.994
	0.948,0.971,0.988
	0.942,0.965,0.982



	A4
	0.934,0.961,0.981
	0.929,0.958,0.978
	0.960,0.978,0.990
	0.897,0.941,0.970
	0.929,0.960,0.979
	0.956,0.975,0.988
	0.925,0.957,0.980
	0.978,0.992,1
	0.974,0.990,1
	0.964,0.981,0.992
	0.979,0.992,1
	0.929,0.957,0.977
	0.962,0.980,0.991
	0.927,0.956,0.977
	0.969,0.986,0.996
	0.937,0.963,0.982
	0.979,0.992,1



	A5
	0.954,0.975,0.990
	0.959,0.981,0.995
	0.948,0.970,0.987
	0.970,0.988,1
	0.905,0.939,0.966
	0.976,0.991,1
	0.945,0.969,0.986
	0.920,0.951,0.974
	0.919,0.951,0.976
	0.932,0.956,0.975
	0.954,0.974,0.988
	0.911,0.942,0.966
	0.956,0.978,0.992
	0.927,0.956,0.978
	0.974,0.990,0.999
	0.966,0.987,1
	0.954,0.976,0.991
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Figure 1. Solar energy map of Turkey. 
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Figure 2. An integrated decision methodology. 
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Figure 3. Hierarchical decision framework. 
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Figure 4. The final ranking of RE sources based on the highest value of    K i   . 






Figure 4. The final ranking of RE sources based on the highest value of    K i   .



[image: Processes 08 00825 g004]







[image: Table] 





Table 1. The summary of various sustainable energy planning studies.
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	Research Focus
	Research Method
	Region
	Reference





	Portfolio of RE sources for accomplishing the 3-E policy goals
	AHP
	Taiwan
	[11]



	RE and nuclear sources selection for electricity generation
	AHP
	Kazakhstan
	[12]



	Evaluating and selecting RE sources for electricity generation
	AHP
	Algeria
	[13]



	RE sources selection for sustainable electricity generation
	AHP
	Malaysia
	[14]



	Evaluating sustainable energy planning and management
	Fuzzy AHP
	India
	[15]



	The selection of RE alternatives for electricity production
	Fuzzy AHP
	Indonesia
	[16]



	Analyzing energy performance for sustainable development
	AHP–Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) and VlseKriterijumska Optimizcija I Kaompromisno Resenje (VIKOR)
	Turkey
	[17]



	Assessing the RE sources to accomplish policy scenario goals
	Fuzzy TOPSIS
	Europe
	[18]



	Analyzing and ranking the most efficient low-emission energy technologies
	Fuzzy AHP-Fuzzy TOPSIS
	Poland
	[19]



	Selection of wind power project locations
	AHP-Fuzzy TOPSIS
	Pakistan
	[20]



	Ranking the low-carbon energy sources
	AHP and TOPSIS
	China
	[21]



	Multi-criteria assessment of renewable micro-generation technologies
	TOPSIS, Evaluation Based on Distance from Average Solution (EDAS) and WASPAS
	Lithuania
	[22]
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Table 2. RE main criteria and sub-criteria.
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Main-Criteria

	
Sub-Criteria

	
Description

	
Reference






	
Environmental criteria (ENF)

	
GHGs emissions (ENF1)

	
This sub-criteria presents that every energy technology produces some GHGs emissions. Therefore, the RE technology, which generates less or zero GHGs emissions is the preferable option.

	
[14,24]




	
Land Requirement (ENF2)

	
The area of land is required for every RE project. Thus, the technology which occupies less area or the land can be used for cultivation is considered as the most vital option.

	
[14,16,25]




	
Noise (ENF3)

	
This environmental sub-criteria indicates noise pollution due to the installation of the low-carbon energy project. Therefore, RE technology that has less or zero noise pollution is a preferable option.

	
[26,27]




	
Economic criteria (ECF)

	
R&D cost (ECF1)

	
This indicates the research and development (R&D) costs incurred in installing the RE project. Thus, the RE technology, which least R&D cost is considered as suitable for electricity generation.

	
[9,28,29]




	
Capital cost (ECF2)

	
The capital cost refers to the cost that occurs for the purchases of material and supplementary material in the utilization of the RE project.

	
[10,30,31]




	
Power generation cost (ECF3)

	
This sub-criteria refers to the expected cost of the power generated from the RE project. Thus, sustainable or low-carbon energy technology with low power generation cost is considered a significant option.

	
[24,31,32]




	
Resource Potential (ECF4)

	
This economic sub-criteria presents the availability of locally RE resources in the country. This is vital in order to generate cheap electricity.

	
[14,33,34]




	
Technical criteria (TEF)

	
Technology maturity (TEF1)

	
This technical sub-criteria indicates that the RE technology that is commercially and economically available is considered as more reliable for installing the RE project.

	
[10,14,24]




	
On-grid access (TEF2)

	
This indicates that the availability of on-grid access to generate electricity. Thus, the RE technology, which eases to access into the grid, is considered a suitable option.

	
[28,35,36]




	
HR experts (TEF3)

	
The availability of HR experts for each RE technology is crucial to install, operate, and maintain the RE plant.

	
[37,38,39]




	
Efficiency (TEF4)

	
This sub-criteria shows that RE technology with improved efficiency is more feasible in order to generate sustainable electricity.

	
[14,29,32]




	
Political criteria (POF)

	
RE policies and plans (POF1)

	
This sub-criteria shows that the government policies regarding each RE technology. Thus, the government should establish effective energy policies and plans for sustainable development.

	
[28,35,36]




	
Institutional arrangements (POF2)

	
This sub-criteria refers to the institutional arrangements for the implementation of RE technologies. Therefore, the higher authorities should develop institutes in order to deploy sustainable energy technologies.

	
[40,41]




	
Energy Security (POF3)

	
This is a vital political sub-criteria, which displays that energy security could enhance and increase the future energy supply requirements by implementing RE technologies.

	
[31,38,42]




	
Social criteria (SOF)

	
Public acceptance (SOF1)

	
This sub-criteria shows that whether the public is interested in deploying RE technology in the region. Therefore, the public attitude towards each technology is essential for installing the RE project.

	
[10,14,24]




	
Employment opportunities (SOF2)

	
This is a significant social criterion that indicates that the deployment of a RE project produces employments for the local people.

	
[10,14,28]




	
Public awareness (SOF3)

	
Public awareness refers to the general information and implementation of RE technologies in the region.

	
[1,28,43]
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Table 3. Turkey’s RE sources installed capacity, future target, and resource availability [46].
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	RE Source
	By the End of 2018 (MW)
	2023 Target (MW)
	Resource Availability (MW)





	Solar PV
	5062
	10,000
	50,000



	Wind
	6925
	20,000
	48,000



	Hydropower
	27,912
	34,000
	36,000



	Geothermal
	1261
	1000
	2000



	Bioenergy
	526
	1500
	2000
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Table 4. TFNs Vcale [61].
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	Number
	Linguistic Variable
	TFNs





	1
	Equally important
	(1,1,1)



	2
	Equally to average important
	(1,2,3)



	3
	Averagely important
	(2,3,4)



	4
	Averagely to strongly important
	(3,4,5)



	5
	Strongly important
	(4,5,6)



	6
	Strongly to very strongly important
	(5,6,7)



	7
	Very strongly important
	(6,7,8)



	8
	Very strongly to tremendously important
	(7,8,9)



	9
	Tremendously important
	(9,9,9)
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Table 5. RI for each matrix.
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	    N    
	    R  I m     
	    R  I g     





	1
	0
	1



	2
	0
	2



	3
	0.48
	0.17



	4
	0.79
	0.26



	5
	1.07
	0.35



	6
	1.19
	0.38



	7
	1.28
	0.40



	8
	1.34
	0.41



	9
	1.37
	0.43



	10
	1.40
	0.44
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Table 6. Linguistic variables for the importance weight of each attribute.
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	Number
	Linguistic Scale
	TFNs





	1
	Equal
	(1,1,1)



	1
	Low
	(1,1,3)



	3
	Moderate
	(1,3,5)



	5
	High
	(3,5,7)



	7
	Very high
	(5,7,9)



	9
	Extreme
	(7,9,9)
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Table 7. Ranking of main criteria and sub-criteria.
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Criteria

	
Main-Criteria Weight

	
Main-Criteria Rank

	
Sub-Criteria

	
Sub-Criteria Weight

	
Sub-Criteria Rank






	
Environmental (ENF)

	
0.155

	
4

	
GHGs emission (ENF1)

	
0.332

	
2




	
Land requirements (ENF2)

	
0.349

	
1




	
Noise (ENF3)

	
0.319

	
3




	
Economic (ECF)

	
0.234

	
2

	
R&D cost (ECF1)

	
0.247

	
3




	
Capital cost (ECF2)

	
0.268

	
1




	
Power generation cost (ECF3)

	
0.250

	
2




	
Resource Potential (ECF4)

	
0.235

	
4




	
Technical (TEF)

	
0.206

	
3

	
Technology maturity (TEF1)

	
0.268

	
1




	
On-grid access (TEF2)

	
0.233

	
4




	
HR experts (TEF3)

	
0.248

	
3




	
Efficiency (TEF4)

	
0.251

	
2




	
Political (POF)

	
0.266

	
1

	
RE policies and plans (POF1)

	
0.394

	
1




	
Institutional arrangements (POF2)

	
0.362

	
2




	
Energy Security (POF3)

	
0.244

	
3




	
Social (SOF)

	
0.139

	
5

	
Public acceptance (SOF1)

	
0.348

	
1




	
Employment opportunities (SOF2)

	
0.343

	
2




	
Public awareness (SOF3)

	
0.309

	
3
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Table 8. Ranking of overall sub-criteria.
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	Code
	Sub-Criteria
	Final Weight
	Rank





	ENF1
	GHGs emissions
	0.0514
	11



	ENF2
	Land Requirement
	0.0540
	9



	ENF3
	Noise
	0.0494
	13



	ECF1
	R&D cost
	0.0577
	6



	ECF2
	Capital cost
	0.0627
	4



	ECF3
	Power generation cost
	0.0585
	5



	ECF4
	Resource Potential
	0.0549
	8



	TEF1
	Technology maturity
	0.0552
	7



	TEF2
	On-grid access
	0.0479
	15



	TEF3
	HR experts
	0.0510
	12



	TEF4
	Efficiency
	0.0517
	10



	POF1
	RE policies and plans
	0.1048
	1



	POF2
	Institutional arrangements
	0.0962
	2



	POF3
	Energy Security
	0.0649
	3



	SOF1
	Public acceptance
	0.0483
	14



	SOF2
	Employment opportunities
	0.0476
	16



	SOF3
	Public awareness
	0.0429
	17
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Table 9.    X i   ,    Y i   , and    K i    values of RE sources.






Table 9.    X i   ,    Y i   , and    K i    values of RE sources.





	Code
	RE Source
	     X i     
	     Y i     
	     K i     
	Rank





	A1
	Solar energy
	0.628
	0.626
	0.627
	2



	A2
	Wind energy
	0.687
	0.681
	0.684
	1



	A3
	Hydropower
	0.619
	0.615
	0.617
	3



	A4
	Geothermal energy
	0.621
	0.611
	0.616
	4



	A5
	Bioenergy
	0.599
	0.589
	0.594
	5











© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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