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Abstract

:

The purpose of the study is to evaluate the sustainable energy investments based on house of quality. For that, a hybrid decision-making approach to interval type 2 (IT2) fuzzy sets under the hesitancy is proposed. The novelties of the study are to construct an integrated IT2-based modelling and a set of dimensions and criteria for the sustainable energy investments for the emerging countries. The DEMATEL method is used for weighting the customer expectations of sustainable energy investments. The TOPSIS method is applied for ranking the house-of-quality-based investment policies with the technical requirements for the emerging economies. The results show that the capacity issue of energy industry is the most prominent issue for the technical requirements of energy investments. However, it is concluded that increasing communication with the capacity facilities is the most valuable strategy based on the house of quality evaluation. The results are also discussed for further studies and sustainable policies.
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1. Introduction


Selecting sustainable investment policies has a key role in effective business strategies. The competitive market environment with global changes in the emerging economies should provide more functional and capable solutions with multidimensional thinking than the conventional business policies [1]. In global competitive market conditions, many customers expect innovative products and services as well as satisfying their needs [2]. The essential solution in conventional market strategies is to widen the communication for selling opportunities with product diversity [3]. However, the active participation of customers in the whole process, from the design to the commercialization, could increase the market potential with full consensus among participants [4,5]. Accordingly, the house of quality is one of the best tools to bring the customer needs and technical requirements together for effective market solutions [6] and facilitate the analysis of effective market dynamics [7].



Similarly, energy industry is also developed under competitive market conditions. Due to this progress, several issues and expectations such as green energy [8], technological effects [9], alternative energy sources [10,11,12] arise to take advantages of the emerging industries by whole and retail customers. Consequently, sustainable investment policies in the energy industry should be considered in a multidimensional manner by considering customer expectations and technical requirements at the same time. Especially, investment evaluation in emerging economies highly needs both financial and non-financial conditions of a dynamic market for successful business planning. For that, the house-of-quality-based measurements are a key element for evaluating sustainable investment policies multi-dimensionally.



The concept of energy investment policies is a novel topic for emerging economies [13]. The multidimensional strategies for energy industry are highly related to the sustainable development of emerging economies [14]. Nowadays, the investment policies considering both customer and technical-based factors could be more successful than the conventional strategies focusing on the capacity of the project [15]. Accordingly, the multidimensional approach to energy investment policies brings valuable results for the project’s success and the quality improvement with both customer needs and technical requirements is the best way to use the target market and research and development facilities. Thus, the house of quality is an effective tool for understanding the customer and technical factors at the same time [16,17]. This study aims to uncover the house-of-quality-based energy investment policies for sustainable development. Customer needs and technical requirements are evaluated for the sustainable energy policies of emerging economies.



Multicriteria decision-making approach is one of the well-known methods for determining the most successful solution among alternative business plans. The multicriteria decision-making models with quality-based factors are generally considered by using the linguistic term sets under the fuzzy environment [18]. Thus, it is possible to provide the choices of decision makers that are experts in the field properly. However, some evaluations could be given in the hesitancy by the experts and this condition should be also handled in the computation process of linguistic term sets. Additionally, the trapezoidal interval type-2 fuzzy sets could provide more accurate and comprehensive results than triangular fuzzy sets [19]. The DEMATEL is one of the best methods to measure the weights as well as the impact and relation map among the criteria. Similarly, the TOPSIS considers the distances of positive and negative ideal solutions for ranking the alternatives more accurately. Accordingly, the DEMATEL is used for weighting the criteria of customer expectations and TOPSIS is applied for ranking the alternatives of technical requirements respectively. Therefore, to the interval type 2 fuzzy sets with the linguistic terms under the hesitancy, a hybrid decision-making approach for the sustainable energy investments in emerging economies is applied.



The paper is organized in five sections. The following section presents the literature review of house of quality, energy investments and multi-criteria decision-making. The third section defines the methodology for the interval type 2 fuzzy sets and linguistic terms under the hesitancy as well as the proposed model. The fourth section illustrates an application on the emerging economies. The final section highlights the discussions and conclusions for further researches.




2. Literature Review


Economic issues of energy industry are discussed in the literature extensively. Zafar et al. [13] analyze the increasing economic development with sustainable renewable energy policies. Liang et al. [14] study both economic and other effects by progressive energy production. Keček et al. [20] conclude that energy investments with supported renewable sources influence the national economy for sustainable growth. Economic conditions and country level analysis of energy policies are also studied in recent literature. Hansen et al. [16] evaluate future energy performance by use of green sources in Germany with economic and technical factors. Chuang et al. [21] investigate the wind and solar sources of Taiwan and possible changes in the nuclear ones for the near future. Similarly, technological changes in energy investments are another important topic for the researchers. Lin and Chen [22] analyze the Chinese research and development activities for innovative energy policies. Investments from abroad are an important point of view for sustainable energy policies. Especially, emerging economies are highly related to the foreign direct investment of the energy industry. Accordingly, Chen et al. [23] assess the international trade and renewable energy and their possible relationship to provide policy recommendations.



In the literature, the house of quality is frequently used for analyzing the different issues of production and service industry. For instance, innovation management is studied with the house of quality for the new product development of the USA to highlight that the importance of market expectations should be considered [24]. Additionally, in several studies, the importance of customer expectations is conducted with house of quality for the country level analysis [15,17]. However, the cost and financial management, service development [25,26], logistics [27] and health management [28,29] are highly discussed for the multiconditional analysis of house of quality. Moreover, the topic of quality is studied for determining the role of requirements and efficiency in energy industry [30,31,32]. Especially, Dinçer et al. [33] provide an extended approach to the energy investments of European countries. Quality function deployment is applied with the four-stage analysis, and hesitant fuzzy sets are used for ranking the best investment alternatives.



The multicriteria decision-making approach is a well-known method for ranking the alternatives. In the literature, there are several extensions on decision-making modelling and interval type 2 fuzzy sets are one of the most popular methods for the current literature. However, use of interval type 2 fuzzy DEMATEL is relatively limited in the literature. Abdullah and Zulkifli [34] argue the integration of fuzzy AHP and interval type-2 fuzzy DEMATEL for human resource management. Hosseini and Tarokh [35] use the interval type-2 fuzzy DEMATEL for perceptual computing in the decision-making process. Abdullah and Zulkifli [36] try to understand the causal relationship of knowledge management criteria with a proposed model of interval type-2 fuzzy sets-based DEMATEL. Najib et al. [37] apply the method to the risk factors of coastal erosion including environmental effects. Dinçer et al. [38] propose an integrated method with the interval type-2 fuzzy sets for performance assessment of internationalized firms in the Baltic States. Dinçer and Yuksel [19] evaluate the risk appetite of financial participants in emerging economies by using interval type-2 fuzzy DEMATEL and QUALIFLEX. Tooranloo et al. [39] analyze the factors of sustainable human resource management with the FAHP and IT2-fuzzy DEMATEL. Yüksel et al. [40] use the modified model of interval type-2 fuzzy DEMATEL and TOPSIS for the financial measurement of international energy trade in the European Zone.



Similarly, there are several studies combining the interval type-2 fuzzy sets and TOPSIS method in the literature. Liao [41] develops two TOPSIS material selection models with the interval type-2 fuzzy numbers. Wu et al. [28] use the interval type-2 fuzzy TOPSIS for analyzing large scale group problems based on social network information. Dymova et al. [42] apply the α-cuts representation of the interval type-2 fuzzy values for the TOPSIS method. Sang and Liu [43] propose the fractional nonlinear programming problems for fuzzy relative closeness and the analytical solution to IT2 FSs-based TOPSIS model. Zamri and Abdullah [44] apply an optimal preference ranking of an integrated fuzzy TOPSIS and multichoice goal programming in interval type-2 fuzzy sets. Abdullah and Kamal [45] propose the SAW and TOPSIS based on interval type-2 fuzzy sets.



As seen in the recent literature, the development of economics and policy as well as investments are main debates on the energy industry [14,16,20,21]. However, there are limited studies of energy dealing with sustainable policy recommendations [13,22]. In the current literature, there is no study on the debates of energy policies considering both customer expectations and technical requirements. Furthermore, multicriteria decision-making approach based on interval type 2 fuzzy sets is a novel method for energy industry. Accordingly, this study contributes to the literature by using the integrated method of DEMATEL and TOPSIS based on interval type-2 fuzzy sets. Additionally, another novelty for the energy literature is to apply the house of quality in the energy industry. Thus, it is aimed to construct a new debate for selecting the investment policies by analyzing both quality factors of customer and technical dimensions in the multidimensional manner.




3. Proposed Model


A hybrid model including two phases is used for the complex decision-making problem. For that, to utilize the advantages of interval type 2 fuzzy sets into a complex problem and obtain more comprehensive and accurate results from decision makers, the model is constructed by considering the interval type 2 fuzzy sets under the hesitancy of linguistic terms. Microsoft Excel is used for computing the results of IT2 Fuzzy DEMATEL and IT2 Fuzzy TOPSIS respectively. Accordingly, the first stage covers computing the weights of each criterion. IT2 DEMATEL is used for weighting the factors of customer requirements for the sustainable energy investments. The method is entitled as decision-making trial and evaluation laboratory. It aims to understand the degrees and ways of mutual effects among the criteria. Moreover, it also computed the relative importance of criteria based on the choices of decision makers.



The second phase of the proposed model continues with the TOPSIS based on interval type 2 fuzzy sets. The method is introduced by Yoon and Hwang [46] and named as Technique for Order Preference by Similarity to Ideal Solution. It focuses on the negative and positive ideal solutions in the ranking process of alternatives. For this reason, calculating the distances from the ideal solution is essential for ranking alternatives in this method. Accordingly, it is aimed to provide more accurate and comprehensive results with the extended approach by using the interval type 2 fuzzy sets under the hesitant linguistic terms. The essentials of interval type 2 fuzzy sets and hesitant linguistic terms are provided in Appendix A. Additionally, the mathematics of the proposed model is detailed in Appendix B respectively. The flowchart of the proposed model is illustrated in Figure 1.



Figure 1 represents the flowchart of the proposed model and the model is summarized in the following steps:



Step 1: Define the problem of energy investment policy for the sustainable emerging economies. For this aim, the customer’s needs and technical requirements are considered to analyze the house-of-quality-based energy investment policies.



Step 2: Determine the criteria for customer expectations and technical factors with the supported literature. The criteria for customer and technical dimensions are represented in Table 1 and Table 2. Table 1 represents the customer expectations for increasing energy demand.



Five criteria are defined based on the literature review. Criterion 1 is ease of use defining the speed of the energy transferring. Second criterion is communication that facilitates the continuous assistance of customer services. The following factor is determined as the physical conditions for accessing energy sources. The fourth criterion is pricing policies to suit the global market trends. The final factor is operational convenience defining the infrastructure of sustainable energy investments.



However, a set of technical requirements of emerging energy policies is determined for the second stage of the house of quality. Technical factors are defined in Table 2.



Technical requirements are another dimension for the house of quality. Suggested criteria of emerging energy policies according to the technical requirements are listed as functionality for energy sources (alternative 1), interaction in services with the customers (alternative 2), equipment with high technology (alternative 3), efficiency of energy services (alternative 4) and increase the capacity research and development activities (alternative 5).



Step 3: Appoint the decision makers to obtain the evaluations for the criteria and alternatives. House-of-quality-based evaluations of energy investment policies for the sustainable emerging economies are analyzed by using the scores from the expert team. For that, 3 decision makers are selected for providing the linguistic evaluations of criteria and alternatives. Two experts are from the European Countries and another one is an Asian expert. The decision makers are managers in the international energy firms and have at least ten years of experience in the field of energy policies of emerging economies.



Step 4: Collect the linguistic evaluations of each decision maker for the criteria and alternatives. Seven-point linguistic scales entitled Very very low (VVL), Very low (VL), Low (L), Medium (M), High (H), Very high (VH), Very very high (VVH) are used for the criteria evaluation. Similarly, seven-point scales as Very Poor (VP), Poor (P), Medium Poor (MP), Fair (F), Good (G), Very Good (VG), Best (B) are determined for the alternative evaluations. In this process, individual evaluations of each decision maker are collected to construct the matrices based on interval type 2 fuzzy sets.



Step 5: Weight the criteria of customer expectations with interval type 2 fuzzy DEMATEL. Linguistic evaluations of each decision maker for the criteria are converted into the fuzzy numbers to employ the initial direct relation matrices and the impact and relation map of customer expectations for the sustainable investments. The application steps of interval type 2 fuzzy DEMATEL are detailed in Appendix B.



Step 6: Rank the alternatives of technical requirement for emerging energy policies. Linguistic evaluations of each decision maker for technical requirement alternatives are collected and the expert choices are illustrated in the fuzzy numbers to measure the relative priorities of decision makers. The application stages and the formulas of interval type 2 fuzzy TOPSIS are provided in Appendix B.



In the next section, the analysis results of the proposed model are determined for sustainable emerging economies, respectively.




4. Analysis of Results


A hybrid decision-making approach is proposed for ranking the sustainable energy investments of emerging economies with the house of quality and the type 2 fuzzy sets-based model is applied for evaluating the criteria and alternatives more accurately. For this aim, the DEMATEL and TOPSIS methods are integrated in trapezoidal fuzzy numbers by considering type-2 fuzzy sets. The analysis is illustrated below.



Initially, the problem of multicriteria decision-making is defined for evaluating the alternatives with an integrated approach. So, it is aimed to analyze the performance results of sustainable energy investment alternatives for emerging economies in the context of quality improvement. The house of quality is adapted to the customer needs and technical requirements of energy investments and a set of criteria and alternatives are proposed for the sustainable energy investments of emerging economies. Three decision makers have been selected for evaluating the criteria and alternatives that define the factors of house of quality. Accordingly, seven point linguistic and fuzzy scales are considered as seen in Table 3.



The evaluations of each decision maker have been collected for initial direct relation matrix. The expert priorities for the pairwise comparison are presented in Table 4.



After that, the linguistic results have been changed into the fuzzy scales and averaged values are used for the initial relation matrix with the Formulas (A9) and (A10). The results are provided in Table A1.



The second step of proposed model is the normalization procedure of initial direct relation matrix. The normalized values are obtained according to the Equations (A11)–(A13) as seen in Table A2. The following step defines the computation process of total relation matrix. Table A3 represents the values of total relation matrix by using the Formulas (A14)–(A18). After that, the defuzzification process is applied by the Formulas (A19)–(A22) and the results of each criterion are provided in Table 5.



In the next step, each row (r) and column (y) of defuzzified total relation matrix are aggregated to provide the influence degrees and importance results of criteria. Figure 2 shows the values of (r + y), (r − y) and weighting results.



The importance degrees of each criterion are measured by using the values of (r + y) and the values of (r − y) demonstrate the influence degrees of each criterion as seen in Figure 2. According to the weighting results, communication (criterion 2) is the most important factor with 20.7 percentage between the criterion set while physical facilities (criterion 3) with 19.7 percentage has the weakest importance of the sustainable energy investments according to the customer expectations. Furthermore, communication (criterion 2) has the least value of (r − y) with −0.32 and it means that communication is the most influenced factor among the factors of customer expectations for sustainable investments. Competitive prices (criterion 4) has the maximum value of (r − y) with 0.74, and so it is selected as the most influencing criterion between customer expectations. This is also the first stage of house of quality defining the customer needs for sustainable energy investments.



Additionally, the impact and relation map among criteria is also provided with the results of the IT2 fuzzy DEMATEL. The averaged value of defuzzified total relation matrix is defined as a threshold value for defining the possible impact on criteria. The value of the threshold is determined as 0.625 and the higher values than the threshold indicate there is an impact on the other criteria. If both criteria exceeds the threshold in the matrix, it is assumed that there is a mutual relationship between them. The impact and relation directions of each criterion are seen in Figure 3.



Figure 3 illustrates the impact and relation map of customer expectations for sustainable investments. Thus, it is possible to understand the directions of influences for customer expectation criteria more accurately. According to the results, ease of use (criterion 1) is the most influenced criterion among the criteria set of customer expectations for sustainable investments, while competitive prices (criterion 4) is the most influencing factor between the criteria. Accordingly, there is no impact on competitive prices to determine the customer expectations for sustainable investments. As a result, ease of use should be developed by considering the communication, physical facilities and operational convenience gradually. The competitive prices are also frequently observed in the fair competitive market conditions to follow the customer expectations with the high-quality standards.



In the second stage of the proposed model, the linguistic evaluations for alternatives are analyzed for sustainable energy investments. Alternatives represent the technical requirements of emerging energy policies and are ranked by considering the house-of-quality-based evaluations in the multidimensional manner. Table 6 presents the choices for evaluating the alternatives.



Table 7 provides the linguistic evaluations of 3 decision makers for the decision matrix.



The decision matrix is constructed based on interval type 2 fuzzy sets under the linguistic hesitant terms by using the Formulas (A23) and (A24). The results are seen in Table A4.



According to the step 7 of IT2 fuzzy TOPSIS, the defuzzified decision matrix is constructed by the Equations (A25)–(A28) and the results are determined in Table 8.



The following step is the weighted decision matrix. The weighted scores are obtained by using the values from the DEMATEL results as seen in Table 9.



The positive and negative ideal solutions of each criterion are represented in Figure 4.



Figure 4 shows that interaction (alternative 2) and efficiency (alternative 4) have the maximum values with 1.87 for the positive ideal solution while equipment (alternative 3) has the minimum value with 1.16 for the negative ideal solution. However, the values of D+ and D− as well as the closeness coefficient should be computed to obtain the final results by the Equations (A29)–(A32). The results are illustrated in Figure 5.



The distances from the positive and negative ideal solutions are calculated by the values of D+ and D−, and the values of relative closeness defining the closeness coefficient are computed for ranking alternatives. Figure 5 represents that efficiency (alternative 4) has the extreme results for both the distances from the positive and negative ideal solutions. However, capacity (alternative 5) has the maximum value of relative closeness with 0.688 whereas efficiency has the minimum value with 0.106 among the technical requirements for emerging energy policies.



In Figure 6, the ranking results demonstrate that capacity (alternative 5) has a first seat among the technical requirements of emerging energy policies as the efficiency (alternative 4) is listed in the last. Therefore, the house-of-quality-based analysis with the proposed model could provide comprehensive results by considering the multidimensional factors including the customer needs and technical requirements of sustainable energy investments. Overall results present a clear evidence for the emerging energy industries that capacity is the most prominent technical requirement while communication is the most important factor among the customer needs for sustainable investment policies according to the house-of-quality-based multi criteria decision-making approach.




5. Discussion and Conclusions


Investment decision is an extensive topic on the financial and cost management. Most of business strategies depends on both financial and non-financial determinants of the global market environment. Especially, it is difficult to measure the qualitative parameters of investment choices, but it could be one of the prominent issues for successful business plans. There are several studies in the literature for analyzing the capital budgeting and investment decision; however, applying business analytics to the investment decision by using multi-criteria decision-making provides a new point of view to complex financial analysis [57].



Global changes in the technological infrastructure and steady developments of customer expectations need the revising of corporate strategies [58]. Especially, the priorities for sustainable investment decision depend on economic and technical conditions as well as customer expectations. With respect to this, multidimensional evaluation of quality management could ease to get competitive advantages among global business strategies. Accordingly, the house of quality provides for both customer needs and technical requirements in the multidimensional manner. For that, the house-of-quality-based evaluations are used for attaining more precious and appropriate results for sustainable investment decision-making [59,60].



One of the most important priorities for international energy firms is to select the investment strategies based on internal and external customer expectations. So, firms should follow the current issues of energy industry closely to create more valuable solutions for the success of investment. Especially, renewable energy policies, performance and cost management, research and development activities, and foreign investments are among the most recent problems of energy investments. Besides, the expectations of end-users and commercial customers are also valuable for sustainable energy policies. Thus, investment decisions with the house of quality approach could give more constraint results for the multidimensional market environment.



In the study, an integrated decision-making model is proposed for selecting the best alternatives of technical requirements of emerging energy policies. Additionally, the house-of-quality-based multi-criteria decision-making model could give both customer and technical factors at the same time. 3 Decision makers are appointed to give their priorities for each criterion and alternative. In the literature, fuzzy-based evaluations are generally applied with a number of decision makers between 3 and 5 [61,62,63]. However, number of experts could be increased for the future studies. Accordingly, interval type-2 fuzzy sets-based decision-making models provides more comprehensive results for the complex decision-making problems of real-world applications. Thus, it aims to provide an integrated approach to the energy investment policies for sustainable emerging economies.



The findings demonstrate that communication is the most prominent criterion in customer expectations whereas physical conditions have a relative weak importance among the first dimension of house of quality. Accordingly, Ball et al. [64] highlight the role of communication in customer needs by explaining the effects of communication and trust on customer loyalty. Similarly, Ford [65] discusses the personalized service communication for customer expectations with the interactions of service providers.



However, the perceived benefits coming from sustainable energy investments are related with willingness to pay for sustainable investment expansion. Therefore, information about the benefits offered from sustainable investments should be communicated to customers [66]. Furthermore, providing information about the positive contribution of green energy in enhancing the environment and life quality can prove beneficial in motivating future customers [67].



Additionally, capacity of energy sources reflects on the technical requirements most dominantly. Accordingly, Tsili and Papathanassiou [68] examine the important technical requirements including the active and reactive power regulations for wind farms. Kondziella and Bruckner [69] emphasize the flexibility requirements of renewable energy-based electricity systems. Alternatively, Yam and Hassan [70] argue the dramatic improvements in LED technology capacity and performance with the innovative and sustainable investment policies.



Overall results show that the capacity increase should be actively managed by considering the effective communication in the marketplace. Thus, policy makers should strictly consider the continuous cooperation and timely feedback for developing customer expectations [71]. Moreover, other technical requirements entitled functionality, interaction, equipment and efficiency could be improved for the sustainable increase of quality management [72,73].



The novelty of this study is to uncover the energy investment policies based on customer needs and technical requirements at the same time by using the house of quality for emerging economies. Another novelty is to propose an integrated method with interval type-2 fuzzy sets for analyzing sustainable energy investments. Thus, it is purposed to provide a new debate for analyzing the house-of-quality-based energy investment policies for sustainable emerging economies by using an IT2-based hybrid hesitant decision-making approach. The limitation of this study is to evaluate the energy investments of emerging economies and to measure the customer needs for ranking the technical requirements. The study could be widened by using different types of multicriteria decision-making models such as VIKOR and MOORA. Alternatively, country-level analysis could be also applied by ranking the performances of emerging economies for comparative analysis.
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Appendix A. IT2 and Linguistic Term Sets under the Hesitancy


Interval type-2 fuzzy sets (  A ˜  ) are generally used for the type-2 membership function    μ   A ˜   (  x , u  )      and presented with the Formula (A1).


    A ˜  =  {   (   (  x , u  )  ,  μ   A ˜   (  x , u  )     )  |  ∀ x  ∈ X ,  ∀ u  ∈  J x  ⊆  [  0 , 1  ]   }    ,   or    A ˜  =   ∫   x ∈ X     ∫   u ∈  J x     μ  A ˜    (  x , u  )  /  (  x , u  )     J x  ⊆  [  0 , 1  ]    



(A1)




where   ∫   ∫   is the union of all x and u.



The interval type-2 fuzzy set is


   A ˜  =   ∫   x ∈ X     ∫   u ∈  J x    1 /  (  x , u  )    ⊆  [  0 , 1  ]   



(A2)




where the membership function    J x    is equal to 1.



However, the upper and lower trapezoidal membership functions should be defined for the trapezoidal membership function with the Formula (A3)


       A ˜  i  =  (    A ˜  i U  ,   A ˜  i L   )      =  (   (   a  i 1  U  ,  a  i 2  U  ,  a  i 3  U  ,  a  i 4  U  ;  H 1   (    A ˜  i U   )  ,  H 2   (    A ˜  i U   )   )  ,  (   a  i 1  L  ,  a  i 2  L  ,  a  i 3  L  ,  a  i 4  L  ;  H 1   (    A ˜  i L   )  ,  H 2   (    A ˜  i L   )   )   )      



(A3)




where     A ˜  i U    is the upper and     A ˜  i L    is the lower trapezoidal membership function and    a  i 1  U  …  a  i 4  L    are the reference values.



The type-1 fuzzy sets are presented by     A ˜  i U    and     A ˜  i L   .    H j   (    A ˜  i U   )    and    H j   (    A ˜  i L   )    are the membership values.



On the other side, the essential computations of interval type-2 fuzzy sets are illustrated below


       A ˜  1  ⊕   A ˜  2  =    (    A ˜  1 U  ,   A ˜  1 L   )  ⊕  (    A ˜  2 U  ,   A ˜  2 L   )        =  (  (  a  11  U   +  a  21  U  ,  a  12  U  +  a  22  U  ,  a  13  U  +  a  23  U  ,   a  14  U         +    a  24  U  ; m i n  (   H 1   (    A ˜  1 U   )  ,  H 1   (    A ˜  2 U   )   )  , m i n  (   H 2   (    A ˜  1 U   )  ,  H 2   (    A ˜  2 U   )   ) )  ,  (  a  11  L       +    a  21  L  ,  a  12  L  +  a  22  L  ,  a  13  L  +  a  23  L  ,  a  14  L       +    a  24  L  ; m i n  (   H 1   (    A ˜  1 L   )  ,  H 1   (    A ˜  2 L   )   )  , m i n  (   H 2   (    A ˜  1 L   )  ,  H 2   (    A ˜  2 L   )   )  ) )     



(A4)






        A ˜  1  ⊖   A ˜  2  =     (    A ˜  1 U  ,   A ˜  1 L   )  ⊖  (    A ˜  2 U  ,   A ˜  2 L   )        = ( (  a  11  U  −  a  24  U  ,  a  12  U  −  a  23  U  ,  a  13  U  −  a  22  U  ,  a  14  U         −    a  21  U  ; m i n  (   H 1   (    A ˜  1 U   )  ,  H 1   (    A ˜  2 U   )   )  , m i n  (   H 2   (    A ˜  1 U   )  ,  H 2   (    A ˜  2 U   )   ) )  ,  (  a  11  L       −    a  24  L  ,  a  12  L  −  a  23  L  ,  a  13  L  −  a  22  L  ,  a  14  L       −    a  21  L  ; m i n  (   H 1   (    A ˜  1 L   )  ,  H 1   (    A ˜  2 L   )   )  , m i n  (   H 2   (    A ˜  1 L   )  ,  H 2   (    A ˜  2 L   )   )  ) )     



(A5)






       A ˜  1  ⊗   A ˜  2     = (    A ˜  1 U  ,   A ˜  1 L   )  ⊗  (    A ˜  2 U  ,   A ˜  2 L   )        =  ( (  a  11  U  ×  a  21  U  ,  a  12  U  ×  a  22  U  ,  a  13  U  ×  a  23  U  ,  a  14  U          ×    a  24  U  ; m i n  (   H 1   (    A ˜  1 U   )  ,  H 1   (    A ˜  2 U   )   )  , m i n  (   H 2   (    A ˜  1 U   )  ,  H 2   (    A ˜  2 U   )   )  ) , (  a  11  L         ×    a  21  L  ,  a  12  L  ×  a  22  L  ,  a  13  L  ×  a  23  L  ,  a  14  L         ×    a  24  L  ; m i n  (   H 1   (    A ˜  1 L   )  ,  H 1   (    A ˜  2 L   )   )  , m i n  (   H 2   (    A ˜  1 L   )  ,  H 2   (    A ˜  2 L   )   )  ) )      



(A6)






     k   A ˜  1  = ( k ×  a  11  U  , k ×  a  12  U  , k ×  a  13  U  , k ×  a  14  U  ;  H 1   (    A ˜  1 U   )  ,  H 2   (    A ˜  1 U   )  ) , ( k ×  a  11  L  , k ×  a  12  L  , k     ×    a  13  L  , k ×  a  14  L  ;  H 1   (    A ˜  1 L   )  ,  H 2   (    A ˜  1 L   )  )     



(A7)






         A ˜  1   k  =  (   1 k  ×  a  11  U  ,  1 k  ×  a  12  U  ,  1 k  ×  a  13  U  ,  1 k  ×  a  14  U  ;  H 1   (    A ˜  1 U   )  ,  H 2   (    A ˜  1 U   )   )  , (  1 k  ×  a  11  L  ,  1 k  ×  a  12  L  ,  1 k      ×    a  13  L  ,  1 k  ×  a  14  L  ;  H 1   (    A ˜  1 L   )  ,  H 2  (    A ˜  1 L   ) )     



(A8)







However, the linguistic term sets under the hesitancy are widely used for explaining the effects of consensus among some of the decision makers. In several cases, some experts prefer to appoint the same scales while others select the different choices. To provide more flexible and certain results from them, linguistic terms with the hesitancy could be considered to collect the linguistic scales for the criteria and alternatives. Accordingly, the linguistic model   S =  {   S 0  ,  S 1  , … ,  S t   }    and context-free grammar    G H  =  (   V N  ,  V T  , I , P  )    are defined [71].



where


   V N  =  {  〈 p r i m a r y   t e r m 〉 , 〈 c o m p o s i t e   t e r m 〉 , 〈 u n a r y   t e r m 〉 , 〈 b i n a r y   t e r m 〉 , 〈 c o n j u n c t i o n 〉  }  ,  










   V T  =  {  l o w e r   t h a n ,   g r e a t e r   t h a n ,   a t   l e a s t ,   a t   m o s t ,   b e t w e e n ,   a n d ,    S 0  ,  S 1  , … ,  S t   }  ,  










  I ∈  V N  ,  










     P =  { I  : ∶ = 〈 p r i m a r y   t e r m 〉 | 〈 c o m p o s i t e   t e r m 〉 , 〈 c o m p o s i t e   t e r m 〉       : ∶ = 〈 c o m p o s i t e   t e r m 〉 〈 p r i m a r y   t e r m 〉       |  〈 b i n a r y   r e l a t i o n 〉 〈 p r i m a r y   t e r m 〉 〈 c o n j u n c t i o n 〉 〈 p r i m a r y   t e r m 〉 ,        〈 p r i m a r y   t e r m 〉 : ∶ =  S 0   |   S 1     | …   |   S t  ,         〈 u n a r y   r e l a t i o n 〉 : ∶ = l o w e r   t h a n  |  g r e a t e r   t h a n    |  a t   l e a s t    |  a t   m o s t ,         〈 b i n a r y   r e l a t i o n 〉 : ∶ = b e t w e e n ,       〈 c o n j u n c t i o n 〉 : ∶ =   a n d  }  .     











Also, hesitant fuzzy linguistic term set is    h S  =  {   S i  ,  S  i + 1   , … ,  S j   }   .




Appendix B. Methodology


The steps of IT2 fuzzy DEMATEL are summarized as



Step 1: The linguistic scales are provided for the relation matrix and their fuzzy numbers are used for the initial direct-relation fuzzy matrix   Z ˜   is generated by using the average scores. This condition is detailed on the Equations (A9) and (A10).


   Z ˜  =  [     0      z ˜   12      ⋯      ⋯      z ˜   1 n           z ˜   21      0   ⋯      ⋯      z ˜   2 n        ⋮   ⋮   ⋱      ⋯   ⋯     ⋮   ⋮   ⋮      ⋱   ⋮        z ˜   n 1         z ˜   n 2      ⋯      ⋯   0     ]   



(A9)






   Z ˜  =     Z ˜  1  +   Z ˜  2  +   Z ˜  3  + …   Z ˜  n   n   



(A10)







Step 2: Normalized procedure is applied for the normalized direct relation matrix with the Formulas (A11)–(A13).


   X ˜  =  [        x ˜   11         x ˜   12      ⋯      ⋯      x ˜   1 n           x ˜   21         x ˜   22      ⋯      ⋯      x ˜   2 n        ⋮   ⋮   ⋱      ⋯   ⋯     ⋮   ⋮   ⋮      ⋱   ⋮        x ˜   n 1         x ˜   n 2      ⋯      ⋯      x ˜   n n        ]   



(A11)






        x ˜   i j   =     z ˜   i j    r        =  (     Z     a  i j    ´     r  ,    Z     b  i j    ´     r  ,    Z     c  i j    ´     r  ,    Z     d  i j    ´     r  ;  H 1   (   z  i j  U   )  ,  H 2   (   z  i j  U   )   )  ,    (     Z     e  i j    ´     r  ,    Z     f  i j    ´     r  ,    Z     g  i j    ´     r  ,    Z     h  i j    ´     r  ;  H 1   (   z  i j  L   )  ,  H 2   (   z  i j  L   )   )       



(A12)






  r = m a x  (  m a  x  1 ≤ i ≤ n     ∑   j = 1  n   Z     d  i j    ´    , m a  x  1 ≤ i ≤ n     ∑   j = 1  n   Z     d  i j    ´     )   



(A13)







Step 3: Total relation matrix is constructed by the Equations (A14)–(A18)


    X   a ´    =  [     0      a ′   12      ⋯      ⋯      a ′   1 n           a ′   21      0   ⋯      ⋯      a ′   2 n        ⋮   ⋮   ⋱      ⋯   ⋯     ⋮   ⋮   ⋮      ⋱   ⋮        a ′   n 1         a ′   n 2      ⋯      ⋯   0     ]  , … ,  X   h ´      =  [     0      h ′   12      ⋯      ⋯      h ′   1 n           h ′   21      0   ⋯      ⋯      h ′   2 n        ⋮   ⋮   ⋱      ⋯   ⋯     ⋮   ⋮   ⋮      ⋱   ⋮        h ′   n 1         h ′   n 2      ⋯      ⋯   0     ]    



(A14)






   T ˜  =   lim   k → ∞    X ˜  +   X ˜  2  + … +   X ˜  k   



(A15)






   T ˜   =    [        t ˜   11         t ˜   12      ⋯      ⋯      t ˜   1 n           t ˜   21         t ˜   22      ⋯      ⋯      t ˜   2 n        ⋮   ⋮   ⋱      ⋯   ⋯     ⋮   ⋮   ⋮      ⋱   ⋮        t ˜   n 1         t ˜   n 2      ⋯      ⋯      t ˜   n n        ]    



(A16)






    t ˜   i j   =  (    a ″   i j   ,   b ″   i j   ,   c ″   i j   ,   d ″   i j   ;  H 1   (    t ˜   i j     U   )  ,  H 2   (    t ˜   i j     U   )   )  ,  (    e ″   i j   ,   f ″   i j   ,   g ″   i j   ,   h ″   i j   ;  H 1   (    t ˜   i j     L   )  ,  H 2   (    t ˜   i j     L   )   )   



(A17)






    [    a ″   i j    ]  =  X   a ´    ×    (  I −  X   a ´     )    − 1     , … ,  [    h ″   i j    ]  =  X   h ´    ×    (  I −  X   h ´     )    − 1     



(A18)







Step 4: Defuzzification procedure is applied to compute the impact and relation degrees of the criteria by using the Equations (A19)–(A22)


  D e  f T  =      (   u U    −    l U   )    +    (   β U    ×    m  1 U     −    l U   )    +    (   α U    ×    m  2 U     −    l U   )   4    +    l U    +    [     (   u L    −    l L   )    +    (   β L    ×    m  1 L     −    l L   )    +    (   α L    ×    m  2 L     −    l L   )   4    +    l L   ]   2   



(A19)






   D e  f T  = T =    [   t  i j    ]    n × n     ,   i , j = 1 , 2 , … , n   



(A20)






      D ˜  i   d e f   = r =    [    ∑   j = 1  n   t  i j    ]    n × 1     =    (   r i   )    n × 1   =  (   r 1  , … ,  r i  , … ,  r n   )    



(A21)






      R ˜  i   d e f   = y =    [    ∑   i = 1  n   t  i j    ]    1 × n  ′    =    (   y j   )    1 × n  ′  =  (   y 1  , … ,  y i  , … ,  y n   )    



(A22)







Step 5: The impact and relation map is constructed by using the values of      (    D ˜  i  +   R ˜  i   )    d e f     and      (    D ˜  i  −   R ˜  i   )    d e f    . Where     D ˜  i     d e f     is the sum of all vector rows and     R ˜  i     d e f     is the sum of all vector columns.      (    D ˜  i  −   R ˜  i   )    d e f     defines the influence degrees of each criterion while      (    D ˜  i  +   R ˜  i   )    d e f     shows the importance degrees of criteria.



The steps of IT2 fuzzy TOPSIS are defined as



Step 6: Linguistic evaluations are provided from the experts and converted into the fuzzy numbers to construct the decision matrix with the Formulas (A23) and (A24).


    C 1       C 2       C 3     …     C n    



(A23)






   X  i j   =      A 1         A 2         A 3       ⋮       A m       [       x  11        x  12        x  13      …     x  1 n          x  21        x  22        x  23      …     x  2 n          x  31        x  32        x  33      …     x  3 n        ⋮   ⋮   ⋱   …   ⋮       x  m 1        x  m 2        x  m 3      …     x  m n        ]   










   X  i j   =  1 K   [    ∑   e = 1  n   X  i j     e   ]  ,   i = 1 , 2 , 3 , … , m  



(A24)




where Xij are the aggregated fuzzy values of each criterion and K is the number of decision makers.



Step 7: The defuzzification procedure is applied for providing the negative and positive ideal solutions with the defuzzified values. The ranking method for the trapezoidal interval type-2 fuzzy sets is considered [56] and the formulas are given below (A25)–(A28).


     D e f  (   x  i j    )    = R a n k   (   x ˜   i j   )   m × n         =  M 1   (    A ˜  i U   )  +  M 1   (    A ˜  i L   )  +  M 2   (    A ˜  i U   )  +  M 2   (    A ˜  i L   )  +  M 3   (    A ˜  i U   )  +  M 3   (    A ˜  i L   )         −  1 4   (   S 1   (    A ˜  i U   )  +  S 1   (    A ˜  i L   )  +  S 2   (    A ˜  i U   )  +  S 2   (    A ˜  i L   )  +  S 3   (    A ˜  i U   )  +  S 3   (    A ˜  i L   )  +  S 4   (    A ˜  i U   )  +  S 4   (    A ˜  i L   )   )        +    H 1   (    A ˜  i U   )  +  H 1   (    A ˜  i L   )  +  H 2   (    A ˜  i U   )  +  H 2   (    A ˜  i L   )      



(A25)






   M p   (    A ˜  i j   )  =  (   a  i p  j  +  a  i  (  p + 1  )   j   )  / 2  



(A26)




where    M p   (    A ˜  i j   )    is the average of the elements    a  i p  j    and    a  i  (  p + 1  )   j   ,   1 ≤ p ≤ 3  ,


   S q   (    A ˜  i j   )  =    1 2    ∑   k = q   q + 1      (   a  i k  j  −  1 2    ∑   k = q   q + 1    a  i k  j   )   2     



(A27)




where    S q   (    A ˜  i j   )    is the standard deviation of the elements    a  i q  j    and    a  i  (  q + 1  )   j   ,   1 ≤ q ≤ 3  ,


   S 4   (    A ˜  i j   )  =    1 4    ∑   k = 1  4     (   a  i k  j  −  1 4    ∑   k = 1  4   a  i k  j   )   2     



(A28)







   H p   (    A ˜  i j   )    is the membership value of the element    a  i  (  p + 1  )   j    in the trapezoidal membership function     A ˜  i j   ,   1 ≤ p ≤ 2  ,   j ∈  {  U , L  }      1 ≤ i ≤ n  .



Step 8: The positive-  (  A +  )   and negative   (  A −  )   ideal solutions are computed with the Formula (A29).


    A +  = m a x  (   v 1  ,  v 2  ,  v 3  , …  v n   )    ;    A −  = m i n  (   v 1  ,  v 2  ,  v 3  , …  v n   )    



(A29)




where    v  i j     is the weighted values of the defuzzified matrix.



Step 9: The values of D+ and D− are calculated with Formulas (A30) and (A31)


   D i     +     =       ∑   i = 1  m    (  v i  −  A i    +  )  2     



(A30)






   D i     −     =       ∑   i = 1  m    (  v i  −  A i    −  )  2     



(A31)







Step 10: The closeness coefficient (CCi) is computed with the Formula (A32)


  C  C i  =    D i −     D i +  +  D i −     



(A32)








Appendix C. Tables




[image: Table] 





Table A1. The initial relation matrix.






Table A1. The initial relation matrix.













	
	C1
	C2
	C3
	C4
	C5





	C1
	((0,0,0,0;1,1), (0,0,0,0;0.90,0.90))
	((0.43,0.58,0.58,0.73;1,1), (0.48,0.58,0.58,0.68;0.90,0.90))
	((0.43,0.58,0.58,0.73;1,1), (0.48,0.58,0.58,0.68;0.90,0.90))
	((0.28,0.43,0.43,0.58;1,1), (0.33,0.43,0.43,0.53;0.90,0.90))
	((0.50,0.65,0.65,0.78;1,1), (0.55,0.65,0.65,0.73;0.90,0.90))



	C2
	((0.50,0.65,0.65,0.78;1,1), (0.55,0.65,0.65,0.73;0.90,0.90))
	((0,0,0,0;1,1), (0,0,0,0;0.90,0.90))
	((0.28,0.43,0.43,0.58;1,1), (0.33,0.43,0.43,0.53;0.90,0.90))
	((0.35,0.50,0.50,0.65;1,1), (0.40,0.50,0.50,0.60;0.90,0.90))
	((0.43,0.58,0.58,0.73;1,1), (0.48,0.58,0.58,0.68;0.90,0.90))



	C3
	((0.35,0.50,0.50,0.65;1,1), (0.40,0.50,0.50,0.60;0.90,0.90))
	((0.43,0.58,0.58,0.73;1,1), (0.48,0.58,0.58,0.68;0.90,0.90))
	((0,0,0,0;1,1), (0,0,0,0;0.90,0.90))
	((0.35,0.50,0.50,0.65;1,1), (0.40,0.50,0.50,0.60;0.90,0.90))
	((0.28,0.43,0.43,0.58;1,1), (0.33,0.43,0.43,0.53;0.90,0.90))



	C4
	((0.43,0.58,0.58,0.73;1,1), (0.48,0.58,0.58,0.68;0.90,0.90))
	((0.58,0.73,0.73,0.85;1,1), (0.63,0.73,0.73,0.80;0.90,0.90))
	((0.50,0.65,0.65,0.78;1,1), (0.55,0.65,0.65,0.73;0.90,0.90))
	((0,0,0,0;1,1), (0,0,0,0;0.90,0.90))
	((0.43,0.58,0.58,0.73;1,1), (0.48,0.58,0.58,0.68;0.90,0.90))



	C5
	((0.43,0.58,0.58,0.73;1,1), (0.48,0.58,0.58,0.68;0.90,0.90))
	((0.43,0.58,0.58,0.73;1,1), (0.48,0.58,0.58,0.68;0.90,0.90))
	((0.35,0.50,0.50,0.65;1,1), (0.40,0.50,0.50,0.60;0.90,0.90))
	((0.28,0.43,0.43,0.58;1,1), (0.33,0.43,0.43,0.53;0.90,0.90))
	((0,0,0,0;1,1), (0,0,0,0;0.90,0.90))







Source: Authors’ calculations.
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Table A2. The normalized relation matrix.






Table A2. The normalized relation matrix.













	
	C1
	C2
	C3
	C4
	C5





	C1
	((0,0,0,0;1,1), (0,0,0,0;0.90,0.90))
	((0.14,0.19,0.19,0.23;1,1), (0.15,0.19,0.19,0.22;0.90,0.90))
	((0.14,0.19,0.19,0.23;1,1), (0.15,0.19,0.19,0.22;0.90,0.90))
	((0.09,0.14,0.14,0.19;1,1), (0.10,0.14,0.14,0.17;0.90,0.90))
	((0.16,0.21,0.21,0.25;1,1), (0.18,0.21,0.21,0.23;0.90,0.90))



	C2
	((0.16,0.21,0.21,0.25;1,1), (0.18,0.21,0.21,0.23;0.90,0.90))
	((0,0,0,0;1,1), (0,0,0,0;0.90,0.90))
	((0.09,0.14,0.14,0.19;1,1), (0.10,0.14,0.14,0.17;0.90,0.90))
	((0.11,0.16,0.16,0.21;1,1), (0.13,0.16,0.16,0.19;0.90,0.90))
	((0.14,0.19,0.19,0.23;1,1), (0.15,0.19,0.19,0.22;0.90,0.90))



	C3
	((0.11,0.16,0.16,0.21;1,1), (0.13,0.16,0.16,0.19;0.90,0.90))
	((0.14,0.19,0.19,0.23;1,1), (0.15,0.19,0.19,0.22;0.90,0.90))
	((0,0,0,0;1,1), (0,0,0,0;0.90,0.90))
	((0.11,0.16,0.16,0.21;1,1), (0.13,0.16,0.16,0.19;0.90,0.90))
	((0.09,0.14,0.14,0.19;1,1), (0.10,0.14,0.14,0.17;0.90,0.90))



	C4
	((0.14,0.19,0.19,0.23;1,1), (0.15,0.19,0.19,0.22;0.90,0.90))
	((0.19,0.23,0.23,0.27;1,1), (0.20,0.23,0.23,0.26;0.90,0.90))
	((0.16,0.21,0.21,0.26;1,1), (0.18,0.21,0.21,0.24;0.90,0.90))
	((0,0,0,0;1,1), (0,0,0,0;0.90,0.90))
	((0.14,0.19,0.19,0.23;1,1), (0.15,0.19,0.19,0.22;0.90,0.90))



	C5
	((0.14,0.19,0.19,0.23;1,1), (0.15,0.19,0.19,0.22;0.90,0.90))
	((0.14,0.19,0.19,0.23;1,1), (0.15,0.19,0.19,0.22;0.90,0.90))
	((0.11,0.16,0.16,0.21;1,1), (0.13,0.16,0.16,0.19;0.90,0.90))
	((0.09,0.14,0.14,0.19;1,1), (0.10,0.14,0.14,0.17;0.90,0.90))
	((0,0,0,0;1,1), (0,0,0,0;0.90,0.90))







Source: Authors’ calculations.
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Table A3. The total relation matrix.






Table A3. The total relation matrix.













	
	C1
	C2
	C3
	C4
	C5





	C1
	((0.13,0.38,0.38,1.62;1,1), (0.18,0.38,0.38,0.88;0.90,0.90))
	((0.26,0.55,0.55,1.87;1,1), (0.33,0.55,0.55,1.09;0.90,0.90))
	((0.24,0.51,0.51,1.74;1,1), (0.30,0.51,0.51,1.02;0.90,0.90))
	((0.18,0.44,0.44,1.58;1,1), (0.24,0.44,0.44,0.90;0.90,0.90))
	((0.26,0.54,0.54,1.79;1,1), (0.33,0.54,0.54,1.05;0.90,0.90))



	C2
	((0.26,0.55,0.55,1.79;1,1), (0.33,0.55,0.55,1.05;0.90,0.90))
	((0.13,0.39,0.39,1.65;1,1), (0.19,0.39,0.39,0.89;0.90,0.90))
	((0.20,0.47,0.47,1.68;1,1), (0.26,0.47,0.47,0.97;0.90,0.90))
	((0.19,0.45,0.45,1.56;1,1), (0.25,0.45,0.45,0.90;0.90,0.90))
	((0.24,0.52,0.52,1.75;1,1), (0.31,0.52,0.52,1.02;0.90,0.90))



	C3
	((0.22,0.49,0.49,1.70;1,1), (0.28,0.49,0.49,0.99;0.90,0.90))
	((0.24,0.52,0.52,1.78;1,1), (0.31,0.52,0.52,1.04;0.90,0.90))
	((0.10,0.33,0.33,1.47;1,1), (0.15,0.33,0.33,0.79;0.90,0.90))
	((0.19,0.43,0.43,1.51;1,1), (0.24,0.43,0.43,0.87;0.90,0.90))
	((0.19,0.46,0.46,1.66;1,1), (0.25,0.46,0.46,0.95;0.90,0.90))



	C4
	((0.27,0.58,0.58,1.95;1,1), (0.34,0.58,0.58,1.14;0.90,0.90))
	((0.32,0.64,0.64,2.05;1,1), (0.39,0.64,0.64,1.21;0.90,0.90))
	((0.28,0.57,0.57,1.90;1,1), (0.34,0.57,0.57,1.11;0.90,0.90))
	((0.11,0.35,0.35,1.54;1,1), (0.17,0.35,0.35,0.83;0.90,0.90))
	((0.26,0.57,0.57,1.92;1,1), (0.34,0.57,0.57,1.12;0.90,0.90))



	C5
	((0.24,0.52,0.52,1.75;1,1), (0.30,0.52,0.52,1.02;0.90,0.90))
	((0.25,0.533,0.53,1.81;1,1), (0.31,0.53,0.53,1.06;0.90,0.90))
	((0.21,0.47,0.47,1.67;1,1), (0.27,0.47,0.47,0.97;0.90,0.90))
	((0.17,0.42,0.42,1.52;1,1), (0.23,0.42,0.42,0.87;0.90,0.90))
	((0.11,0.35,0.35,1.53;1,1), (0.17,0.35,0.35,0.82;0.90,0.90))







Source: Authors’ calculations.
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Table A4. The decision matrix.
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	A1
	A2
	A3
	A4
	A5





	C1
	((0.70,0.87,0.87,0.97;1,1), (0.78,0.87,0.87,0.92;0.90,0.90))
	((0.6,0.85,0.85,0.75;1,1), (0.7,0.8,0.8,0.88;0.90,0.90))
	((0.6,0.80,0.80,0.95;1,1), (0.7,0.8,0.8,0.88;0.90,0.90))
	((0.40,0.60,0.60,0.80;1,1), (0.50,0.60,0.60,0.70;0.90,0.90))
	((0.5,0.7,0.7,0.87;1,1), (0.6,0.7,0.7,0.78;0.90,0.90))



	C2
	((0.5,0.7,0.7,0.90;1,1), (0.6,0.7,0.7,0.80;0.90,0.90))
	((0.40,0.75,0.75,0.65;1,1), (0.50,0.60,0.60,0.70;0.90,0.90)
	((0.30,0.50,0.50,0.70;1.00,1.00), (0.40,0.50,0.50,0.60;0.90,0.90))
	((0.30,0.50,0.50,0.70;1.00,1.00), (0.40,0.50,0.50,0.60;0.90,0.90))
	((0.70,0.90,0.90,1.00;1,1), (0.80,0.90,0.90,0.95;0.90,0.90))



	C3
	((0.70,0.87,0.87,0.97;1,1), (0.78,0.87,0.87,0.92;0.90,0.90))
	((0.40,0.75,0.75,0.83;1,1), (0.50,0.60,0.60,0.70;0.90,0.90)
	((0.30,0.50,0.50,0.70;1.00,1.00), (0.40,0.50,0.50,0.60;0.90,0.90))
	((0.20,0.40,0.40,0.60;1.00,1.00), (0.30,0.40,0.40,0.50;0.90,0.90))
	((0.40,0.60,0.60,0.80;1,1), (0.50,0.60,0.60,0.70;0.90,0.90))



	C4
	((0.80,0.95,0.95,1.00;1.00,1.00), (0.88,0.95,0.95,0.98;0.90,0.90))
	((0.40,0.75,0.75,0.83;1,1), (0.50,0.60,0.60,0.70;0.90,0.90)
	((0.40,0.60,0.60,0.80;1,1), (0.50,0.60,0.60,0.70;0.90,0.90))
	((0.50,0.70,0.70,0.90;1,1), (0.60,0.70,0.70,0.80;0.90,0.90)
	((0.70,0.87,0.87,0.97;1,1), (0.78,0.87,0.87,0.92;0.90,0.90))



	C5
	((0.30,0.50,0.50,0.70;1.00,1.00), (0.40,0.50,0.50,0.60;0.90,0.90))
	((0.30,0.75,0.75,0.70;1.00,1.00), (0.40,0.50,0.50,0.60;0.90,0.90))
	((0.30,0.50,0.50,0.70;1.00,1.00), (0.40,0.50,0.50,0.60;0.90,0.90))
	((0.20,0.40,0.40,0.60;1.00,1.00), (0.30,0.40,0.40,0.50;0.90,0.90))
	((0.70,0.87,0.87,0.97;1,1), (0.78,0.87,0.87,0.92;0.90,0.90))







Source: Authors’ calculations.
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Figure 1. The flowchart of the proposed model. Source: Author’s construction. 
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Figure 2. The values of (r + y) and (r − y) and weighting results. Source: Authors’ calculations. 
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Figure 3. Impact and relation map of customer expectations for sustainable investments. Source: Authors’ construction. 






Figure 3. Impact and relation map of customer expectations for sustainable investments. Source: Authors’ construction.



[image: Sustainability 11 03514 g003]







[image: Sustainability 11 03514 g004 550] 





Figure 4. Positive and negative ideal solutions for alternatives. Source: Authors’ calculations. 
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Figure 5. The values of D+, D− and relative closeness of alternatives. Source: Authors’ calculations. 
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Figure 6. Ranking results of technical requirements. Source: Authors’ calculations. 
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Table 1. Customer expectations for the sustainable investments.






Table 1. Customer expectations for the sustainable investments.





	Criteria
	Definition
	Supported Literature





	Ease of Use (Criterion 1)
	Increase in the speed of the energy transferring
	[47,48]



	Communication (Criterion 2)
	Continuous assistance with customer support
	[49,50]



	Physical facilities (Criterion 3)
	Facilities for accessing the energy sources
	[51]



	Competitive prices (Criterion 4)
	Dynamic pricing in global energy market
	[50,52]



	Operational convenience (Criterion 5)
	Providing the infrastructure for the sustainable energy
	[53]







Source: Adapted from the supportng literature.
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Table 2. Technical requirements for emerging energy policies.






Table 2. Technical requirements for emerging energy policies.





	Factors
	Definition
	Supported Literature





	Functionality (Alternative 1)
	Ease of transaction in the energy sources
	[33]



	Interaction (Alternative 2)
	Considering the customers in the service design
	[30,31]



	Equipment (Alternative 3)
	High-tech tools in the energy investments
	[33]



	Efficiency (Alternative 4)
	Decreasing the costs of energy services
	[13,21,32]



	Capacity (Alternative 5)
	Increase of potential with research and development
	[22,54]







Source: Adapted from the supporting literature.
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Table 3. Evaluation scales for criteria.






Table 3. Evaluation scales for criteria.





	Linguistic Scales
	Interval Type 2 Fuzzy Numbers





	Very very low (VVL)
	((0,0.1,0.1,0.2;1,1), (0.05,0.1,0.1,0.15;0.9,0.9))



	Very low (VL)
	((0.1,0.2,0.2,0.35;1,1), (0.15,0.2,0.2,0.3;0.9,0.9))



	Low (L)
	((0.2,0.35,0.35,0.5;1,1), (0.25,0.35,0.35,0.45;0.9,0.9))



	Medium (M)
	((0.35,0.5,0.5,0.65;1,1), (0.4,0.5,0.5,0.6;0.9,0.9))



	High (H)
	((0.5,0.65,0.65,0.8;1,1), (0.55,0.65,0.65,0.75;0.9,0.9))



	Very high (VH)
	((0.65,0.8,0.8,0.9;1,1), (0.7,0.8,0.8,0.85;0.9,0.9))



	Very very high (VVH)
	((0.8,0.9,0.9,1;1,1), (0.85,0.9,0.9,0.95;0.9,0.9))







Source: [55].
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Table 4. Linguistic scales of decision makers for relation matrix.






Table 4. Linguistic scales of decision makers for relation matrix.





	
Criteria Set

	
Ease of Use

(Criterion 1)

	
Communication

(Criterion 2)

	
Physical Facilities

(Criterion 3)

	
Competitive Prices

(Criterion 4)

	
Operational Convenience

(Criterion 5)




	
DM1

	
DM2

	
DM3

	
DM1

	
DM2

	
DM3

	
DM1

	
DM2

	
DM3

	
DM1

	
DM2

	
DM3

	
DM1

	
DM2

	
DM3






	
Ease of Use (Criterion 1)

	
-

	
-

	
-

	
M

	
H

	
H

	
M

	
H

	
M

	
L

	
M

	
M

	
M

	
H

	
VH




	
Communication (Criterion 2)

	
M

	
VH

	
VH

	
-

	
-

	
-

	
M

	
L

	
M

	
L

	
M

	
H

	
M

	
H

	
H




	
Physical facilities (Criterion 3)

	
H

	
M

	
L

	
M

	
H

	
H

	
-

	
-

	
-

	
L

	
M

	
H

	
M

	
L

	
L




	
Competitive prices (Criterion 4)

	
H

	
H

	
M

	
H

	
VH

	
VH

	
H

	

	

	
-

	
-

	
-

	
M

	
H

	
M




	
Operational convenience (Criterion 5)

	
M

	
H

	
H

	
M

	
H

	
H

	
M

	
M

	
M

	
L

	
L

	
M

	
-

	
-

	
-








Source: Authors’ calculations.
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Table 5. Defuzzified total relation matrix.
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	Criteria Set
	Ease of Use

(Criterion 1)
	Communication

(Criterion 2)
	Physical Facilities

(Criterion 3)
	Competitive Prices

(Criterion 4)
	Operational Convenience

(Criterion 5)





	Ease of Use (Criterion 1)
	0.53
	0.71
	0.65
	0.57
	0.69



	Communication (Criterion 2)
	0.69
	0.54
	0.61
	0.58
	0.66



	Physical facilities (Criterion 3)
	0.63
	0.67
	0.47
	0.56
	0.60



	Competitive prices (Criterion 4)
	0.74
	0.80
	0.72
	0.50
	0.73



	Operational convenience (Criterion 5)
	0.66
	0.68
	0.61
	0.55
	0.50







Source: Authors’ calculations.
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Table 6. Evaluation scales for alternatives.






Table 6. Evaluation scales for alternatives.





	Linguistic Scales
	Interval Type 2 Fuzzy Numbers





	Very Poor (VP)
	((0,0,0,0.1;1,1), (0,0,0,0.05;0.9,0.9))



	Poor (P)
	((0,0.1,0.1,0.3;1,1), (0.05,0.1,0.1,0.2;0.9,0.9))



	Medium Poor (MP)
	((0.1,0.3,0.3,0.5;1,1), (0.2,0.3,0.3,0.4;0.9,0.9))



	Fair (F)
	((0.3,0.5,0.5,0.7;1,1), (0.4,0.5,0.5,0.6;0.9,0.9))



	Good (G)
	((0.5,0.7,0.7,0.9;1,1), (0.6,0.7,0.7,0.8;0.9,0.9))



	Very Good (VG)
	((0.7,0.9,0.9,1;1,1), (0.8,0.9,0.9,0.95;0.9,0.9))



	Best (B)
	((0.9,1,1,1;1,1), (0.95,1,1,1;0.9,0.9))







Source: [55,56].
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Table 7. Linguistic scales of decision makers for decision matrix.






Table 7. Linguistic scales of decision makers for decision matrix.





	
Criteria/

Alternatives

	
Functionality

(Alternative 1)

	
Interaction

(Alternative 2)

	
Equipment

(Alternative 3)

	
Efficiency

(Alternative 4)

	
Capacity

(Alternative 5)




	
DM1

	
DM2

	
DM3

	
DM1

	
DM2

	
DM3

	
DM1

	
DM2

	
DM3

	
DM1

	
DM2

	
DM3

	
DM1

	
DM2

	
DM3






	
Ease of Use (Criterion 1)

	
VG

	
G

	
B

	
G

	
VG

	
VG

	
G

	
VG

	
G

	
F

	
G

	
G

	
F

	
G

	
VG




	
Communication (Criterion 2)

	
G

	
G

	
G

	
F

	
G

	
F

	
F

	
F

	
F

	
F

	
F

	
F

	
VG

	
VG

	
VG




	
Physical facilities (Criterion 3)

	
G

	
B

	
VG

	
F

	
G

	
G

	
F

	
F

	
F

	
MP

	
F

	
F

	
F

	
G

	
G




	
Competitive prices (Criterion 4)

	
VG

	
B

	
VG

	
F

	
G

	
G

	
F

	
G

	
G

	
G

	
G

	
G

	
G

	
VG

	
B




	
Operational convenience (Criterion 5)

	
F

	
F

	
F

	
F

	
F

	
F

	
F

	
G

	
G

	
FL

	
F

	
F

	
G

	
B

	
VG








Source: Authors’ calculations.
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Table 8. Defuzzified decision matrix.
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	Criteria/

Alternatives
	Functionality

(Alternative 1)
	Interaction

(Alternative 2)
	Equipment

(Alternative 3)
	Efficiency

(Alternative 4)
	Capacity

(Alternative 5)





	Ease of Use (Criterion 1)
	8.86
	8.46
	8.45
	7.27
	7.86



	Communication (Criterion 2)
	7.87
	7.49
	6.67
	6.67
	9.03



	Physical facilities (Criterion 3)
	8.86
	7.58
	6.67
	6.07
	7.27



	Competitive prices (Criterion 4)
	9.36
	7.58
	7.27
	7.87
	8.86



	Operational convenience (Criterion 5)
	6.67
	7.15
	6.67
	6.07
	8.86







Source: Authors’ calculations.
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Table 9. Weighted decision matrix.






Table 9. Weighted decision matrix.





	Criteria/

Alternatives
	Functionality

(Alternative 1)
	Interaction

(Alternative 2)
	Equipment

(Alternative 3)
	Efficiency

(Alternative 4)
	Capacity

(Alternative 5)





	Ease of Use (Criterion 1)
	1.81
	1.73
	1.73
	1.49
	1.61



	Communication (Criterion 2)
	1.63
	1.55
	1.38
	1.38
	1.87



	Physical facilities (Criterion 3)
	1.70
	1.45
	1.28
	1.16
	1.39



	Competitive prices (Criterion 4)
	1.87
	1.51
	1.45
	1.57
	1.77



	Operational convenience (Criterion 5)
	1.32
	1.41
	1.32
	1.20
	1.75







Source: Authors’ calculations.
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