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Abstract

:

Since the global warming problem threatens the whole world, it is understood that countries should develop energy policies that will increase their sustainable and clean energy investments. Compared to other alternatives, the high cost of renewable energy projects is an essential obstacle in this process. Therefore, priority should be given to developing distributed energy projects to minimize this problem. The scope of the present paper is to identify the most critical items that affect the performance of distributed energy projects to have knowledge-oriented competencies. In this way, companies can focus on more critical items to provide efficiency for distributed energy projects. As a result, clean energy usage is improved, and the global warming problem is handled more successfully. A novel decision-making model is generated to examine the competencies of the knowledge economy based on collaborative filtering and bipolar q-rung orthopair fuzzy sets (q-ROFSs) with the golden ratio. The analysis concludes that learning and growth are the most critical balanced scorecard perspectives. Moreover, it was also determined that information and communication technology is the most critical competency of the knowledge economy. Therefore, it would be appropriate for investors who plan to invest in distributed energy projects to form a research and development team. Hence, new technologies will be followed instantly. In this way, companies will be able to gain a cost advantage. In this context, improving distributed energy projects is important to increase efficiency in clean energy investments.
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1. Introduction


Global warming is mainly caused by carbon emissions resulting from the use of fossil fuels. Obtaining energy by burning resources such as coal and oil causes significant environmental damage. To solve this problem, countries are trying to increase the use of renewable energy or to develop new ways of energy generation, such as fusion energy [1]. These projects must be economically efficient to provide the continuity of clean energy use [2]. It is crucial to increase these investments’ profitability by reducing the projects’ costs. Another way to increase the efficiency of clean energy projects is the distributed energy application. In these investments, energy production occurs at the point of consumption [3]. The primary purpose of this process is to reduce energy distribution costs [4]. Hence, it can be possible to eliminate the complexity and inefficiency problems in the process. Another benefit of distributed energy projects is that clean energy can be improved. Clean energy sources such as the sun and wind are used in homes and workplaces. In this process, decreasing costs encourages the use of clean energy that can significantly help to solve the global warming problem.



For distributed energy projects to succeed, investors must have knowledge-oriented competencies [5]. Distributed energy investments are projects that involve complex processes, especially in the current uncertain environment [6]. Therefore, investors need to have sufficient knowledge of many different processes. In other words, for these investments to be successful, investors need to develop themselves in different aspects. In this process, knowledge-oriented competencies play a very important role. For example, enterprises should have competent personnel. In this way, businesses will be more likely to innovate more effectively [7]. In addition, it will be important for businesses to have the necessary technical equipment. This will help increase the performance of distributed energy projects. Whether the work has an innovation potential or not is another issue to be considered in this context [8]. Investments in energy types that need more potential may create inefficiency. Legal regulations in countries also play a crucial role in enabling distributed energy projects to have knowledge-oriented competencies [9].



Moreover, some factors must be considered for successful distributed energy investments. Financial analysis has a vital role in this process. Projects without a comprehensive cost-benefit analysis will likely incur losses [10]. For these projects to be successful, customer expectations must also be met clearly. This will help to increase customer satisfaction, and in this way, the enterprises’ products will be better preferred. Organizational efficiency is another critical issue in this context. Furthermore, businesses need to follow innovations carefully and implement them quickly for performance improvement [11].



In summary, for distributed energy projects to be successful, they need to have knowledge-oriented competencies and take the necessary actions to increase their performance. Since each improvement to be made within the companies means investment, it will cause the costs of these companies to increase. When the studies in the literature are examined, it is seen that comprehensive analyses have been made on the factors affecting the performance of distributed energy projects [12]. However, there are limited studies that determine which factor is more important [13]. Therefore, there is a need for a new study that will identify the most critical issues for distributed energy projects to have knowledge-oriented competencies.



Accordingly, this study proposes a unique decision-making model for evaluating the competencies of the knowledge economy. Firstly, collaborative filtering is adapted to the decision-making methodology to input the preliminary evaluations of the decision-makers. Secondly, the extension of the Stepwise Weight Assessment Ratio Analysis (SWARA) entitled Multi SWARA (M-SWARA) with bipolar q-Rung Orthopair Fuzzy Sets (q-ROFSs), and the golden ratio is applied to figure out the impact-relation directions and the weights for the perspectives of a balanced scorecard with the imputed evaluations. Thirdly, the extension of the Elimination and Choice Translating Reality (ELECTRE) entitled golden ratio bipolar q-ROF ELECTRE is used to generate the possible directions among the competencies of knowledge-oriented distributed energy investments. The main novelty of this study is evaluating a critical topic for the effective energy policies of the countries with the help of an original fuzzy decision-making model. Based on the analysis results of this study, it can be possible to identify the essential items that affect the performance of distributed energy projects to have knowledge-oriented competencies. Therefore, companies can focus on more critical items to provide efficiency for distributed energy projects. This situation significantly influences clean energy usage; thus, the global warming problem can be handled more successfully. Moreover, M-SWARA is a decision-making process that can align with several themes on ecosystemic decision analytics (multi-level, multi-modal, multi-lateral, and multi-nodal), and, besides energy, may have critical impacts and implications on theory, policy, practice, and politics in many contexts [14].



It is also possible to mention some advantages of the proposed decision-making model. In this model, some improvements are made to the classical SWARA approach. As a result, a new technique is created by M-SWARA. The main superiority of this new approach is that causality analysis between the criteria can be identified. Additionally, the degrees in q-ROFSs are computed with the help of the golden ratio. Hence, more effective evaluations can be made that help us to reach appropriate findings. These two new improvements have a powerful impact on the originality of the proposed model. Moreover, criteria lists are created by considering the perspectives of the balanced scorecard approach. Finance, the customer, internal effectiveness, and learning and growth are the main perspectives of this approach. Hence, this technique focuses on financial and non-financial factors while managing performance. Therefore, a comprehensive factor list can be considered with the help of the balanced scorecard approach. This situation has a positive contribution to reaching more appropriate findings. Furthermore, considering the ELECTRE methodology also provides some advantages. The compensation between criteria and the normalization process can be avoided with the help of this technique. This is a way to achieve the best possible (sub-optimal feasible) trade-offs that are highly efficacious (effectively efficient).



The following part includes the evaluation of the literature for this content. Methods are explained in the third part. The results of the analysis are demonstrated in the following part. In the end, the conclusions and discussions are presented.




2. Literature on Distributed Energy Investments


Different aspects affect the development of knowledge-based competencies in distributed energy projects. First, financial analysis of these projects should be conducted effectively. Different costs characterize these projects [15]. In the financial analysis process, each cost type should be considered depending on its timing [16]. Otherwise, there will be liquidity risk in the project [17]. Managing this risk effectively may also cause the project to fail [18]. Therefore, it is crucial to conduct a cost-benefit analysis in which cash flows are evaluated comprehensively [19]. Mahani et al. [20] evaluated distributed energy projects economically and operationally. They identified that the cost-benefit evaluation of the energy storage system in these projects should be scrutinized. Harish et al. [21] also performed a socio-techno-economic analysis of distributed energy systems in India. It was determined that project cash flows should be estimated appropriately for performance improvement.



The fact that the offered products meet the customers’ expectations also contributes to increasing the knowledge-based competencies of distributed energy projects. There are some complex processes in these projects [22]. Therefore, customers want to manage these comprehensive processes without experiencing any problems [23]. Any disruption that may occur in this process should be resolved quickly and efficiently by the investors [24]. Otherwise, this will create customer dissatisfaction, leading to a decrease in the performance of the project [25]. Thus, it is necessary to develop a system in which customers’ problems can be resolved in a short time and effectively [26]. Liu and Ding [27] studied distributed energy resources and concluded that customer satisfaction should be satisfied for the sustainability of these projects. Chen et al. [28] aimed to generate an efficient distributed energy management system technique. They determined that the customers’ expectations should be satisfied for the performance improvements.



Technological competence is vital so businesses that carry out distributed energy projects can have more knowledge-based competencies [29,30]. In these projects, applications such as solar and wind energy are carried out on much smaller scales [31,32]. Hence, to realize these issues, companies must have sufficient technological equipment [33,34]. Otherwise, there will be constant disruptions in the process, which will reduce the project’s efficiency. Niu et al. [35] examined key performance indicators for the distributed energy system, concluding that companies should make technological investments for the success of these projects. Xu et al. [36] studied the driving forces of distributed energy resources in China, and they concluded that technological development is necessary for performance improvements.



Qualified personnel is also essential for developing the knowledge-based competencies of distributed energy projects [34]. Competent personnel should avoid disruptions in these projects, which involve complex engineering processes [37]. This personnel will also help to solve the problems that may arise in the projects in a timely and correct manner [38]. This issue should be considered in the personnel recruitment process [39]. Additionally, development training should be provided to the personnel working within the companies. Zalengera et al. [40] evaluated distributed energy services in sub-Saharan Africa, highlighting that investors should employ qualified personnel. Vasiliev and Alameh [41] studied distributed energy generation and concluded that for the aim of implementing recent technologies for this situation, companies should give priority to qualified personnel.



Knowledge-oriented competencies play a critical role in the performance improvement of distributed energy projects. The studies in the literature focused on the factors affecting the performance of distributed energy projects generally. However, it would be appropriate for the investors to identify the more significant factors. With the help of this issue, specific actions can be taken for them. Nevertheless, there are limited studies that determine which factor is more important. Therefore, there is a need for a new study that will identify the most critical issues for distributed energy projects to have knowledge-oriented competencies. In this context, a novel model is constructed in this study to evaluate the competencies of the knowledge economy. Owing to this situation, essential items that affect the performance of distributed energy projects to have knowledge-oriented competencies can be understood.




3. Methodology


This part indicates bipolar q-ROFSs, M-SWARA, ELECTRE, and the imputation of expert evaluations with collaborative filtering. Next, the proposed model is explained. The details of all equations are stated in Appendix A. The proposed model aims to generate an original technique by considering these approaches. Through the advantages of these methods, uncertainty in the decision-making process is minimized, so appropriate results can be achieved. Collaborative filtering helps to complete missing information when experts need an opinion about an issue. Similarly, the SWARA technique is improved in this model, and a new technique is created called M-SWARA. This new methodology helps to calculate the causal relationship between the factors. Bipolar q-ROFSs consider a much wider space by comparing with IFSs and PFSs. Thus, the uncertainty problem in this process can be handled more effectively. Moreover, the degrees in these sets are computed using the golden ratio, so the appropriateness of the findings can be increased. In addition, the balanced scorecard approach focuses on financial and non-financial factors while managing performance. This situation allows considering a comprehensive factor list [42,43].



3.1. Bipolar q-ROFSs with Golden Ratio


Atanassov [44] introduced Intuitionistic Fuzzy Sets (IFSs) by defining both membership and non-membership degrees (MMP, and NNP) that are indicated by (   μ I  ,    n I  )  . Equation (A1) represents these sets, and the requirement is explained in Equation (A2). Yager [45] generated PFSs using a broader space in the analysis to handle uncertainties more successfully. Equations (A3) and (A4) demonstrate the condition and requirement. With their combination, q-ROFSs were developed by Yager [46] with new degrees (   μ q  ,    n q  )  . Equations (A5) and (A6) explain the details and requirements of q-ROFSs. Bipolar Fuzzy Sets (BPSs) were introduced by Zhang [47] to manage uncertainties effectively. Equation (A7) demonstrates the details where the satisfaction degree is given as    μ B    +    and satisfaction of the same element is shown by    μ B    −   . BPSs are integrated with other fuzzy sets in Equations (A8)–(A13). A comparison of fuzzy sets is found on [48].



Equations (A14)–(A17) include the calculations of bipolar q-ROFSs. Defuzzification is performed with Equations (A18)–(A20). The degrees are computed with the golden ratio (  φ )   in the analysis. Large and small quantities are indicated by a and b, whereas (   μ   G   B Q       ,    n   G   B Q       ) refers to new degrees [49]. Equations (A21)–(A23) include the details. The integration of the golden ratio with bipolar q-ROFSs is explained in Equations (A24)–(A26). The golden ratio is defined as the division of extreme and mean ratios in a straight line. In this context, a coefficient is created between the last and subsequent numbers. With the help of considering this ratio, a more realistic classification can be made.




3.2. M-SWARA Method with Bipolar q-ROFSs


Keršuliene et al. [50] generated SWARA intending to weight the items. In other words, the significance of the different criteria can be identified by considering this technique. In this study, significant improvements are made to this method, and a new technique is created called M-SWARA. As a result, a causal relationship can be made among the variables in addition to calculating the weights. Regarding the classical SWARA, the relative effectiveness of only one variable can be examined. However, concerning M-SWARA, the relationships of the variables can be considered with each other in an integrated manner. In the first stage of M-SWARA, the experts’ evaluations are obtained. After that, these evaluations are converted into linguistic variables. With this method, each factor can be compared. Equation (A27) is used to create a relation matrix. In other words, the relation matrix includes comparative linguistic values between the items. The values of    k j    (coefficient value),    q j    (recalculated weight),    s j    (comparative importance rate), and    w j    (weights of the criteria) are calculated in Equations (A28)–(A30). These values are taken into consideration to create a stable matrix. Stable values are identified by transposing and limiting the matrix with the power of “2t + 1”. Finally, considering the stable matrix, the weights of the items are computed.




3.3. ELECTRE with Bipolar q-ROFSs


Benayoun et al. [51] introduced ELECTRE with the help of binary superiority comparisons in alternative ranking. Hence, ELECTRE methodology is considered for ranking different alternatives based on their significance. An alternative selection is a critical issue in many subjects. The main reason is that by identifying an essential alternative, the companies or legal authorities can generate optimal strategies to achieve cost-effectiveness in this process. Similar to M-SWARA, in ELECTRE methodology, the experts’ evaluations are obtained and converted into linguistic variables. With the help of these evaluations, average values are calculated. These values are considered for the calculation of score function and normalization values. As a result, a weighted decision matrix can be created. Concordance (CCD) and discordance (DCD) intervals are used in this process. Bipolar q-ROFSs are adopted with ELECTRE in this study. The decision matrix is created as in Equation (A31). Normalization is made by Equation (A32). The items are weighted in Equation (A33). CCD and DCD interval matrixes are created by Equations (A34)–(A39). The concordance E, discordance F, and aggregated G index matrixes are constructed with Equations (A40)–(A47). The sets of concordance, discordance, and aggregated index matrixes are given with    e  a b    ,    f  a b    ,    g  a b    . Furthermore,   c ¯   and   d ¯   refer to the critical values, whereas    c a   ,    d a   ,    o a    represent the superior, inferior, and overall values. For ranking the alternatives, Equations (A48)–(A50) are taken into consideration.




3.4. Imputation of Expert Evaluations with Collaborative Filtering


The evaluations of the experts are mainly considered in decision-making models. Within this context, the main problem is the lack of knowledge of experts on a subject. The missing evaluations create a barrier to making an effective evaluation. Another problem in this process is that the experts can make evaluations without sufficient information about an issue. This situation has a negative influence on the appropriateness of the findings. For this purpose, collaborative filtering is considered to evaluate the users’ tendencies. The predictions are made using similarity degrees between the users and factors [52]. Accordingly, the missing evaluations can be imputed using the expert–expert similarity and prediction indices of the collaborative filtering system. Equations (A51) and (A52) include the details of this approach. In these equations,   s i m   (u,v) represents the similarity index among the experts u and v. Furthermore,    r  u , i     and    r  v , i     show the rating degrees, whereas      r u   ¯    and      r v   ¯    demonstrate the averaged value. In addition,    p  u , i     explains the prediction index.




3.5. Proposed Model


A model is generated in this study for evaluating the competencies of the knowledge economy by considering collaborative filtering and bipolar q-ROFSs with the golden ratio. The proposed model consists of three different phases. The first phase includes imputing the missing expert decisions for the balanced-scorecard-based evaluation of knowledge-oriented competencies. The second phase is related to weighting the balanced scorecard perspectives of distributed energy investments. The final phase focuses on ranking the balanced-scorecard-based evaluation of knowledge-oriented competencies for the distributed energy investments of emerging economies.



The focus is on emerging economies since those economies are the emerging giants of global demand and some of the primary energy producers. Energy consumption in these countries is generally low (per capita) but expanding economies and rising incomes create a vast potential for future growth [53]. In addition, the recent COVID-19 pandemic places additional pressure on these economies, and energy investments are even more difficult. Moreover, emerging economies are vulnerable to climate change due to a lack of resources to prevent or respond to its impact. At the same time, a dependable and affordable energy supply is crucial to their socioeconomic development [54].



Multi-criteria decision-making methods are considered to reach the appropriate decision in uncertain situations. However, the decision-making processes have started to become quite complex, and this situation has increased uncertainties in the process. Therefore, it has become difficult to reach a conclusion using only one technique [55]. In this context, it is aimed to achieve more effective results by using different techniques simultaneously. In addition, these approaches are also used with fuzzy numbers [56]. Thus, it is possible to make more effective decisions by minimizing uncertainties.



The proposed model has some essential superiorities. A new model is created with the name of M-SWARA by improving the classical SWARA. Hence, the causal directions can also be evaluated. Moreover, the degrees in bipolar q-ROFSs are computed by using the golden ratio, and this situation has an increasing impact on the model’s originality. Additionally, with the help of collaborative filtering, the tendency of the users can be evaluated so that the experts’ preferences can be predicted. Bipolar fuzzy sets also provide advantages, such as considering more comprehensive data sets. Therefore, the effectiveness of the model can be improved. ELECTRE methodology also has some superiorities, such as avoiding the compensation between criteria and the normalization process. The validity of the results can also be checked with the help of using both PFSs and IFSs in addition to q-ROFSs.





4. Analysis


This study aims to identify significant knowledge-oriented competencies of distributed energy investments. For this purpose, a unique decision-making model is generated with three stages. Firstly, collaborative filtering is adapted to the decision-making methodology to input the incomplete evaluations of the decision-makers. Secondly, the extension of SWARA entitled M-SWARA with bipolar q-ROFSs and the golden ratio is applied to figure out the impact-relation directions and the criteria weights. In this context, the perspectives of the balanced scorecard are taken into consideration. Thirdly, the extension of ELECTRE entitled golden ratio bipolar q-ROF ELECTRE is used to generate the possible directions among the competencies of knowledge-oriented distributed energy investments. The details of the proposed model are indicated in Figure 1.



The criteria are selected with a balanced scorecard approach, as in Table 1.



The balanced scorecard technique focused on both financial and non-financial issues. This situation provides a broader view while making an analysis [60]. Concerning the dimensions of finance, the projects’ profitability is considered. In this context, the importance of cost-effectiveness is highlighted. Additionally, learning and growth provide information about the research and development activities to result in more effective distributed energy technologies. Furthermore, customer expectations should be considered for the sustainability of these investments. Finally, the internal process refers to organizational effectiveness. Table 2 provides information about the selected knowledge-oriented competencies for emerging economies.



A skilled workforce defines the qualified employee of the companies who can contribute to the performance of the projects. In addition, innovation potential refers to the capacity of the companies to make comprehensive research and development activities for technological improvement. Regulations refer to the rules created by legal authorities. These results can have a positive or negative influence on increasing knowledge-oriented competencies. The information and communication technologies of the companies can be helpful for effective cost management in this process. Table A1 in the appendix includes the scales and degrees used in this process, in which positive and negative degrees refer to PIE and NIE. Table A1 indicates that five different scales are considered to evaluate perspectives and competencies. In making calculations with the help of q-ROFSs, there is a need for positive and negative degrees. Equations (A5) and (A6) are used in this context to compute them. In this framework, the values in Table A3 are considered for the conversion of scales to degrees. The preference ratings of the experts are given in Table A2. In this table, the expression “n/a” refers to missing information due to the experts’ lack of information about a subject. Table A3 demonstrates the preference ratings of the experts for the decision matrix of the competencies.



Six experts are appointed to evaluate the relation among the perspectives and decision matrix of the competencies of knowledge-oriented distributed energy investments concerning the balanced scorecard perspectives. The expert team comprises people with a minimum of 21 years of experience in distributed energy projects. Four of these people work as top managers, whereas two are academicians regarding this issue. The missing evaluations are completed by using collaborative filtering iteratively. The preference numbers from one to five are used for evaluating the decision makers, as seen in Table A1 (in the Appendix B). The similarity degrees of the experts for the perspectives and competencies are given in Table A4 and Table A5.



Missing values are computed by considering the prediction index. For the first iteration, the highest value of normalized similarity degrees for each expert is selected for the similarity index value of the prediction. If the missing values are not completed in the first iteration, the second iteration is applied to complete the incomplete values. For the second iteration, the second highest value of normalized similarity degrees is selected for the similarity index value of prediction. If the missing expert evaluations are still available, the third iteration is applied with the highest third value among the normalized similarity degrees for each expert. Table A6 and Table A7 refer to the completed expert evaluations for the perspectives and competencies, whereas ION refers to the iteration.



The second phase of the proposed model is related to weighting the balanced scorecard perspectives of distributed energy investments. Linguistic evaluations are obtained as in Table A8. For this purpose, completed expert evaluations with preference numbers are converted into linguistic evaluations. Score functions are shown in Table A9, and these functions are taken into consideration for the defuzzification process. Table A10 includes sj, kj, qj, and wj values that represent the comparative importance rate, coefficient value, recalculated weight, and criteria weights, respectively. In this process, Equations (A28)–(A30) are taken into consideration.



The relation matrix is created as in Table A11. This matrix gives information about the comparative relations among the perspectives. A stable matrix is created in Table A12. Stable values are identified by transposing and limiting the matrix with the power of “2t + 1”. These values are taken into consideration to calculate the weights of the criteria. Causal directions are indicated in Figure 2. In this study, some improvements are made to the SWARA method. As a result, a new technique can be created by the name of M-SWARA. The main contribution of this new method is that the causal relationship between the factors can be evaluated. This situation provides an opportunity to create an impact relation map between the items. This condition helps to create more appropriate strategies for the companies to improve distributed energy projects.



The internal process is affected by finance and the customers. Moreover, there is a mutual relationship between learning and growth and the customers. Finally, learning and growth are influenced by an internal process. The comparative weights for Bipolar IFSs, Bipolar PFSs, and Bipolar q-ROFS are four for FNC, one for LWT, three for CTM, and two for IRS.



Learning and growth play a vital role in the performance of distributed energy investments. Furthermore, the internal process is also another essential perspective in this condition. The third phase of the proposed model includes ranking the balanced-scorecard-based evaluation of knowledge-oriented competencies for the distributed energy investments of emerging economies. The linguistic evaluations of experts for the competencies are collected in Table A13. In this table, the values of G, F, P, and B represent the scales for the competencies explained in Table A1. Average values are computed in Table A14. The score function values of the competencies are calculated in Table A15. Table A16 includes a normalized matrix. More effective evaluations can be made with the help of normalizing the values. In this framework, Equation (A32) is used. This matrix is weighted in Table A17 by considering Equation (A33).



In the analysis process with ELECTRE, a weighted matrix is considered to create interval matrixes. C and D matrixes are shown in Table A18 with the help of Equations (A34)–(A39). These matrixes are used to generate index matrixes. Table A19 includes E, F, and G matrixes. Within this context, Equations (A40)–(A47) are taken into consideration. These matrixes are mainly created to rank the alternatives. The impact-relation map of the competencies is illustrated in Figure 3. With the aim of improving distributed energy investment projects, knowledge-oriented competencies should be increased. In this process, identifying the key strategies plays a critical role. For this purpose, the cause-and-effect relationship between the items should be determined. This situation positively influences defining valid policies for the companies to increase these projects.



It is determined that information and communication technology influence the skilled workforce. In addition to this issue, to check the consistency of the findings, additional analyses are also performed using bipolar IFSs and PFSs. The comparative overall ranking results for the competencies are the following: for Bipolar q-ROF Multi SWARA-ELECTRE, and Bipolar PF Multi SWARA-ELECTRE is four for SLF, three for ITT, two for RTS, and one for IMH; and for the Bipolar IF Multi SWARA-ELECTRE the ranking is three for SLF, four for ITT, two for RTS and one for IMH.



Information and communication technology has the most significant importance concerning the knowledge economy competency for the effectiveness of distributed energy projects. Regulations also play an essential role in these projects. Because the ranking results are the same for each fuzzy set, it is understood that the findings are valid and coherent.




5. Discussion


In distributed energy investment projects, energy production is at the point of consumption. Thanks to this situation, it is possible to reduce the cost of energy logistics. In addition, possible energy losses that may occur in this process can be minimized. However, these projects also have some difficulties. For example, excess energy is stored in these projects. These processes also increase the costs of distributed energy investment projects. Therefore, investors should prioritize technological developments. In recent years, severe technological developments have occurred regarding clean energy projects. Thanks to these developments, there have been significant reductions in the costs of these projects. Technological development is accelerating the transition to both wind and solar energy. Thanks to these developments, it will be possible to reduce high costs. Thus, both wind and solar energy will be able to compete better with fossil fuels. This situation will attract the attention of investors, and the transition to clean energy sources will gain momentum. Thus, it will be possible for distributed energy projects to develop more. Moreover, wind and solar energy investments involve complex processes. Qualified personnel are also needed to manage these processes effectively. Therefore, it is crucial to employ competent personnel in projects. Thanks to these personnel, possible problems that may occur will be solved efficiently and in a much shorter timeframe.



Technological developments also allow the application of new techniques discovered in this process. These new techniques reduce costs and increase efficiency in environmentally friendly energy projects. Therefore, it would be appropriate for investors who plan to invest in distributed energy projects to form a research and development team. Thanks to this team, new technologies will be followed instantly. In this way, companies will be able to gain a cost advantage. This will contribute to the development of energy production that does not harm the environment. Li et al. [67] studied distributed energy management systems and identified that research and development activities should be prioritized for performance improvement. Sarmiento-Vintimilla et al. [68] and Fonseca et al. [69] also determined that investors should prioritize technological developments to succeed in distributed energy investment projects. Some different conclusions were also reached in the literature regarding this issue. For instance, Donnellan and Kase [70] stated that customer expectations should be primarily satisfied in this framework.



Energy supply is a vital issue for countries. Since energy is used as an essential raw material in industrial production, countries must supply needed energy regardless of its price. The increase in energy prices for energy-importing countries adversely affects the current account balance. The problem of global warming also shows that the use of fossil fuels in energy production is hazardous. Therefore, countries should combat these problems by determining the right energy policies. In summary, while developing energy policy, priority should be given to increasing clean energy projects. Considering the analysis results obtained in this study, the private sector in countries must increase research and development studies on clean energy projects. States should encourage these efforts by providing the necessary support. Thus, the dependency on foreign energy production will decrease, and the adverse effects of the global warming problem will be minimized. Many researchers in the literature also emphasized this issue. For example, Sun et al. [71] and Li et al. [72] focused on ways to improve renewable energy investments. In these studies, many strategies were defined to reach this objective, such as creating hybrid renewable energy systems and identifying financial innovation priorities. Similarly, Dinçer et al. [73] also underlined the significance of microgeneration energy technologies in increasing clean energy investments.



The proposed model also has some superiorities when compared with the previously generated decision-making models. The main advantage of this proposed model is creating a new technique with the name of M-SWARA. Hence, the causal directions between the factors can also be identified in addition to calculating the weights of these items [74]. In some previous models where the classical SWARA technique was considered, the causality relationship between the criteria could not be identified [75,76]. Another significant superiority of this proposed model is that q-ROFSs are considered, and these sets use a more expansive space compared with IFSs and PFSs [77]. Because of this issue, it can be possible to have more accurate evaluations in comparison to the studies in which other fuzzy sets were considered [78,79].




6. Conclusions


Many factors can substantially impact the performance of distributed energy investments. For instance, effective financial analysis plays a crucial role in this regard. Similarly, customer expectations should also be satisfied so that the enterprises’ products will be better preferred. Furthermore, businesses need to follow innovations carefully. Therefore, knowledge-oriented competencies should be provided for the success of these investments. Due to this issue, there is a need for a new study that will identify the most critical issues for distributed energy projects to have knowledge-oriented competencies. In order to make a priority analysis between the criteria, a complex methodological approach is needed to obtain obvious conclusions.



A new model is constructed to examine the competencies of the knowledge economy based on collaborative filtering and bipolar q-ROFSs with the golden ratio. Within this framework, this evaluation is made for emerging economies. The most important reason these country groups are preferred is that they make a significant investment to become a developed economy. In this process, there is a risk that the investments made will be uncontrolled. If these risks are not managed effectively, these countries will likely experience financial problems. Therefore, energy prices must be stable in emerging economies. These countries should refrain from relying on foreign countries for energy to achieve this goal. Therefore, the high performance of distributed energy investments is critical for these countries.



In the first stage, collaborative filtering is adapted to the decision-making methodology to input the incomplete evaluations of the decision-makers. The extension of SWARA entitled M-SWARA with bipolar q-ROFSs and the golden ratio is applied to figure out the impact-relation directions and the weights for the balanced scorecard perspectives with the imputed evaluations in the second stage. Finally, the possible directions among the competencies of knowledge-oriented distributed energy investments are created by the extension of ELECTRE entitled golden ratio bipolar q-ROF ELECTRE. It is determined that learning and growth are the most critical balanced scorecard perspectives. It is also concluded that information and communication technology is the most critical competency of the knowledge economy.



The main novelty of this study was the generation of a hybrid decision-making model with the imputation of missing expert evaluations and bipolar q-ROFSs. Another significant novelty was the identification of new fuzzy set scales by considering the theory of the golden ratio. An integrated evaluation approach was employed for emerging economies’ knowledge-oriented distributed energy investments using the balanced scorecard dimensions. The analysis results pave the way for the investors to implement specific strategies to increase the performance of distributed energy projects with knowledge-oriented competencies. Making a general assessment of emerging economies can be accepted as a limitation of this manuscript. Hence, different countries or country groups can be considered for future studies, such as developed economies. Moreover, the proposed model can also be improved concerning future research direction. In this scope, picture fuzzy sets can be considered in the analysis process to manage uncertainties more appropriately. In addition, future research could extrapolate the analysis, taking into account recent developments regarding the role of fusion energy investments in the economies, which can be used to address long-term energy requirements and climate change, as well as issues regarding investment decisions between International Thermonuclear Experimental Reactor (ITER) members (of the Global North) and the non-ITER members (of the Global South) on fusion development. The proposed decision-making process developed in this article can guide emerging economies or other economies to be able to invest in fusion energy based on knowledge-oriented competencies. The proposed decision-making process can also guide other themes on ecosystemic decision analytics. It may have critical impacts and implications on theory, policy, practice, and politics in many contexts where complex, dynamic, over-constrained procedures are realized with multiple tradeoffs, such as health, education, defense, public finance, and research and development.
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Nomenclature


ELECTRE: The elimination and choice-translating reality is a method belonging to the family of outranking multicriteria decision-making techniques. It is used to select which alternative is preferable, indifferent, or incomparable. The method compares an alternative with another one under each criterion, taking purely ordinal scales into account. IFSs: The intuitionistic fuzzy set is a problem-solving method that incorporates the degree of hesitation called the hesitation margin. It has a powerful ability to represent and address the uncertainty of information. PFSs: The Pythagorean fuzzy set is a concept that generalizes intuitionistic fuzzy sets (IFSs) and is used in decision science because of its unique nature of indeterminacy. It is more capable of expressing and handling fuzzy information. q-ROFSs: The q-rung orthopair fuzzy sets are a generalization of PFSs. The rung q is the most significant feature of this notion. When the rung q increases, the orthopair adjusts in the boundary range, which is needed. Thus, the input range of q-ROFS is more flexible, resilient, and suitable than in approaches such as the IFSs and the PFSs. SWARA: The stepwise weight assessment ratio analysis is an efficient method for obtaining the subjective weights of criteria in multicriteria decision-making problems. In the first step, the method prioritizes the criteria by consulting experts, while in the second step, it weights the process. M-SWARA: The multi-stepwise weight assessment ratio analysis is an extension of the SWARA method.
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Table A1. Scales and Degrees.






Table A1. Scales and Degrees.





	
Scales

	
PIE

	
NIE




	
Perspectives

	
Competencies

	
Preference Numbers

	
MMP

	
NNP

	
MMP

	
NNP






	
No (n)

	
Weakest (w)

	
1

	
0.40

	
0.25

	
−0.60

	
−0.37




	
Some (s)

	
Poor (p)

	
2

	
0.45

	
0.28

	
−0.55

	
−0.34




	
Medium (m)

	
Fair (f)

	
3

	
0.50

	
0.31

	
−0.50

	
−0.31




	
High (h)

	
Good (g)

	
4

	
0.55

	
0.34

	
−0.45

	
−0.28




	
Very High (vh)

	
Best (b)

	
5

	
0.60

	
0.37

	
−0.40

	
−0.25
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Table A2. The preference ratings of the experts for the relation matrix of perspectives.






Table A2. The preference ratings of the experts for the relation matrix of perspectives.














	
	Expert 1
	Expert 2
	Expert 3
	Expert 4
	Expert 5
	Expert 6





	FNC-LWT
	n/a
	n/a
	3
	4
	3
	4



	FNC-CTM
	n/a
	5
	3
	4
	3
	n/a



	FNC-IRS
	4
	n/a
	5
	n/a
	n/a
	5



	LWT-FNC
	4
	4
	n/a
	5
	2
	n/a



	LWT-CTM
	5
	4
	n/a
	5
	n/a
	n/a



	LWT-IRS
	3
	n/a
	n/a
	n/a
	2
	5



	CTM-FNC
	3
	n/a
	4
	n/a
	n/a
	n/a



	CTM-LWT
	n/a
	4
	4
	3
	4
	3



	CTM-IRS
	5
	n/a
	n/a
	3
	n/a
	3



	IRS-FNC
	5
	4
	4
	n/a
	n/a
	n/a



	IRS-LWT
	5
	5
	n/a
	5
	4
	4



	IRS-CTM
	n/a
	n/a
	5
	5
	n/a
	2







Note: n/a” refers to missing information.
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Table A3. The preference ratings of the experts for the decision matrix of the competencies.






Table A3. The preference ratings of the experts for the decision matrix of the competencies.














	
	Expert 1
	Expert 2
	Expert 3
	Expert 4
	Expert 5
	Expert 6





	FNC-SLF
	4
	2
	5
	n/a
	2
	n/a



	FNC-ITT
	3
	5
	4
	n/a
	n/a
	5



	FNC-RTS
	n/a
	n/a
	4
	4
	5
	5



	FNC-IMH
	n/a
	5
	4
	5
	4
	n/a



	LWT-SLF
	3
	n/a
	5
	5
	4
	n/a



	LWT-ITT
	2
	3
	n/a
	n/a
	5
	4



	LWT-RTS
	n/a
	3
	3
	4
	5
	n/a



	LWT-IMH
	n/a
	n/a
	3
	5
	5
	n/a



	CTM-SLF
	4
	3
	n/a
	4
	n/a
	3



	CTM-ITT
	n/a
	n/a
	n/a
	5
	4
	4



	CTM-RTS
	5
	3
	3
	3
	n/a
	n/a



	CTM-IMH
	n/a
	n/a
	n/a
	4
	4
	5



	IRS-SLF
	4
	n/a
	4
	3
	4
	n/a



	IRS-ITT
	5
	3
	3
	n/a
	4
	n/a



	IRS-RTS
	5
	n/a
	4
	n/a
	5
	5



	IRS-IMH
	n/a
	3
	5
	4
	2
	n/a







Note: n/a” refers to missing information.
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Table A4. Similarity index matrix of the experts for the perspectives.
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	Expert 1
	Expert 2
	Expert 3
	Expert 4
	Expert 5
	Expert 6





	Expert 1
	1.00
	0.03
	−0.08
	0.00
	0.48
	−0.34



	Expert 2
	0.03
	1.00
	−0.28
	0.09
	0.29
	0.10



	Expert 3
	−0.08
	−0.28
	1.00
	0.23
	0.04
	−0.23



	Expert 4
	−0.00
	0.09
	0.23
	1.00
	−0.27
	0.15



	Expert 5
	−0.48
	0.29
	0.04
	−0.27
	1.00
	−0.35



	Expert 6
	−0.34
	0.10
	−0.23
	0.15
	−0.35
	1.00
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Table A5. Similarity index matrix of the experts for the competencies.
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	Expert 1
	Expert 2
	Expert 3
	Expert 4
	Expert 5
	Expert 6





	Expert 1
	1.00
	−0.21
	−0.36
	−0.31
	−0.09
	0.14



	Expert 2
	−0.21
	1.00
	−0.08
	0.29
	0.27
	0.29



	Expert 3
	−0.36
	−0.08
	1.00
	0.18
	−0.64
	0.03



	Expert 4
	−0.31
	0.29
	0.18
	1.00
	0.08
	−0.07



	Expert 5
	−0.09
	0.27
	−0.64
	0.08
	1.00
	0.09



	Expert 6
	0.14
	0.29
	0.03
	−0.07
	0.09
	1.00
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Table A6. Completed expert evaluations for the perspectives.
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	Expert 1
	Expert 2
	Expert 3
	Expert 4
	Expert 5
	Expert 6





	FNC-LWT
	3 (ION 1)
	3 (ION 1)
	3
	4
	3
	4



	FNC-CTM
	3 (ION 1)
	5
	3
	4
	3
	4 (ION 1)



	FNC-IRS
	4
	5 (ION 2)
	5
	5 (ION 1)
	4 (ION 1)
	5



	LWT-FNC
	4
	4
	5 (ION 1)
	5
	2
	5 (ION 1)



	LWT-CTM
	5
	4
	5 (ION 1)
	5
	5 (ION 1)
	5 (ION 1)



	LWT-IRS
	3
	2 (ION 1)
	2 (ION 2)
	5 (ION 2)
	2
	5



	CTM-FNC
	3
	3 (ION 4)
	4
	4 (ION 1)
	3 (ION 1)
	4 (ION 3)



	CTM-LWT
	4 (ION 1)
	4
	4
	3
	4
	3



	CTM-IRS
	5
	3 (ION 2)
	3 (ION 1)
	3
	5 (ION 1)
	3



	IRS-FNC
	5
	4
	4
	4 (ION 1)
	5 (ION 1)
	4 (ION 2)



	IRS-LWT
	5
	5
	5 (ION 1)
	5
	4
	4



	IRS-CTM
	5 (ION 3)
	2 (ION 2)
	5
	5
	5 (ION 3)
	2
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Table A7. Completed expert evaluations for the competencies.
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	Expert 1
	Expert 2
	Expert 3
	Expert 4
	Expert 5
	Expert 6





	FNC-SLF
	4
	2
	5
	2 (ION 1)
	2
	2 (ION 1)



	FNC-ITT
	3
	5
	4
	5 (ION 1)
	5 (ION 1)
	5



	FNC-RTS
	5 (ION 1)
	4 (ION 1)
	4
	4
	5
	5



	FNC-IMH
	4 (ION 2)
	5
	4
	5
	4
	5 (ION 1)



	LWT-SLF
	3
	5 (ION 1)
	5
	5
	4
	3 (ION 2)



	LWT-ITT
	2
	3
	4 (ION 2)
	3 (ION 1)
	5
	4



	LWT-RTS
	5 (ION 2)
	3
	3
	4
	5
	3 (ION 1)



	LWT-IMH
	5 (ION 2)
	5 (ION 1)
	3
	5
	5
	5 (ION 3)



	CTM-SLF
	4
	3
	4 (ION 1)
	4
	3 (ION 1)
	3



	CTM-ITT
	4 (ION 1)
	5 (ION 1)
	5 (ION 1)
	5
	4
	4



	CTM-RTS
	5
	3
	3
	3
	3 (ION 1)
	3 (ION 1)



	CTM-IMH
	5 (ION 1)
	4 (ION 1)
	4 (ION 1)
	4
	4
	5



	IRS-SLF
	4
	3 (ION 1)
	4
	3
	4
	4 (ION 2)



	IRS-ITT++
	5
	3
	3
	3 (ION 1)
	4
	3 (ION 1)



	IRS-RTS
	5
	5 (ION 2)
	4
	4 (ION 2)
	5
	5



	IRS-IMH
	2 (ION 2)
	3
	5
	4
	2
	3 (ION 1)
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Table A8. Linguistic evaluations of experts for the perspectives.






Table A8. Linguistic evaluations of experts for the perspectives.





	
Expert 1

	
Expert 2




	

	
FNC

	
LWT

	
CTM

	
IRS

	
FNC

	
LWT

	
CTM

	
IRS




	
FNC

	

	
M

	
M

	
H

	

	
M

	
VH

	
VH




	
LWT

	
H

	

	
VH

	
M

	
H

	

	
H

	
S




	
CTM

	
M

	
H

	

	
VH

	
M

	
H

	

	
M




	
IRS

	
VH

	
VH

	
VH

	

	
H

	
VH

	
S

	




	
Expert 3

	
Expert 4




	

	
FNC

	
LWT

	
CTM

	
IRS

	
FNC

	
LWT

	
CTM

	
IRS




	
FNC

	

	
M

	
M

	
VH

	

	
H

	
H

	
VH




	
LWT

	
VH

	

	
VH

	
S

	
VH

	

	
VH

	
VH




	
CTM

	
H

	
H

	

	
M

	
H

	
M

	

	
M




	
IRS

	
H

	
VH

	
VH

	

	
H

	
VH

	
VH

	




	
Expert 5

	
Expert 6




	

	
FNC

	
LWT

	
CTM

	
IRS

	
FNC

	
LWT

	
CTM

	
IRS




	
FNC

	

	
M

	
M

	
H

	

	
H

	
H

	
VH




	
LWT

	
S

	

	
VH

	
S

	
VH

	

	
VH

	
VH




	
CTM

	
M

	
H

	

	
VH

	
H

	
M

	

	
M




	
IRS

	
VH

	
H

	
VH

	

	
H

	
H

	
S
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Table A9. Score function values of the perspectives.






Table A9. Score function values of the perspectives.












	
	FNC
	LWT
	CTM
	IRS





	FNC
	0.000
	0.192
	0.194
	0.207



	LWT
	0.199
	0.000
	0.210
	0.191



	CTM
	0.192
	0.194
	0.000
	0.194



	IRS
	0.201
	0.207
	0.197
	0.000
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Table A10. Sj, kj, qj, and wj values for the relationship degrees of each perspective.






Table A10. Sj, kj, qj, and wj values for the relationship degrees of each perspective.





	FNC
	Sj
	Kj
	qj
	wj
	LWT
	Sj
	kj
	Qj
	Wj



	IRS
	0.207
	1.000
	1.000
	0.394
	CTM
	0.210
	1.000
	1.000
	0.395



	CTM
	0.194
	1.194
	0.838
	0.330
	FNC
	0.199
	1.199
	0.834
	0.329



	LWT
	0.192
	1.192
	0.703
	0.277
	IRS
	0.191
	1.191
	0.700
	0.276



	CTM
	Sj
	kj
	qj
	wj
	IRS
	Sj
	kj
	Qj
	Wj



	LWT
	0.194
	1.000
	1.000
	0.352
	LWT
	0.207
	1.000
	1.000
	0.396



	IRS
	0.194
	1.000
	1.000
	0.352
	FNC
	0.201
	1.201
	0.833
	0.329



	FNC
	0.192
	1.192
	0.839
	0.295
	CTM
	0.197
	1.197
	0.696
	0.275
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Table A11. Relation Matrix with the values of wj.






Table A11. Relation Matrix with the values of wj.












	
	FNC
	LWT
	CTM
	IRS





	FNC
	
	0.277
	0.330
	0.394



	LWT
	0.329
	
	0.395
	0.276



	CTM
	0.295
	0.352
	
	0.352



	IRS
	0.329
	0.396
	0.275
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Table A12. Stable Matrix.






Table A12. Stable Matrix.












	
	FNC
	LWT
	CTM
	IRS





	FNC
	0.241
	0.241
	0.241
	0.241



	LWT
	0.255
	0.255
	0.255
	0.255



	CTM
	0.250
	0.250
	0.250
	0.250



	IRS
	0.254
	0.253
	0.254
	0.254
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Table A13. Linguistic evaluations of experts for the positive and negative degrees of competencies.






Table A13. Linguistic evaluations of experts for the positive and negative degrees of competencies.





	
Expert 1

	
Expert 2




	

	
SLF

	
ITT

	
RTS

	
IMH

	
SLF

	
ITT

	
RTS

	
IMH




	
FNC

	
G

	
F

	
G

	
G

	
P

	
B

	
F

	
F




	
LWT

	
F

	
P

	
G

	
B

	
B

	
F

	
B

	
F




	
CTM

	
B

	
B

	
B

	
B

	
G

	
F

	
F

	
B




	
IRS

	
G

	
B

	
B

	
P

	
B

	
B

	
G

	
F




	
Expert 3

	
Expert 4




	

	
SLF

	
ITT

	
RTS

	
IMH

	
SLF

	
ITT

	
RTS

	
IMH




	
FNC

	
B

	
B

	
G

	
G

	
P

	
B

	
G

	
F




	
LWT

	
G

	
G

	
B

	
F

	
B

	
F

	
B

	
F




	
CTM

	
G

	
F

	
F

	
G

	
G

	
G

	
F

	
G




	
IRS

	
G

	
F

	
G

	
B

	
B

	
B

	
G

	
G




	
Expert 5

	
Expert 6




	

	
SLF

	
ITT

	
RTS

	
IMH

	
SLF

	
ITT

	
RTS

	
IMH




	
FNC

	
P

	
G

	
F

	
G

	
P

	
F

	
F

	
G




	
LWT

	
B

	
B

	
G

	
G

	
B

	
G

	
G

	
F




	
CTM

	
B

	
B

	
F

	
B

	
B

	
F

	
F

	
B




	
IRS

	
G

	
B

	
G

	
P

	
B

	
B

	
B

	
F
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Table A14. Average values for the competencies.






Table A14. Average values for the competencies.





	

	
SLF

	
ITT

	
RTS

	
IMH




	

	
PIE

	
NIE

	
PIE

	
NIE

	
PIE

	
NIE

	
PIE

	
NIE




	
μ

	
n

	
μ

	
n

	
μ

	
n

	
μ

	
n

	
μ

	
n

	
μ

	
n

	
μ

	
n

	
μ

	
n






	
FNC

	
0.49

	
0.30

	
−0.51

	
−0.31

	
0.56

	
0.35

	
−0.44

	
−0.27

	
0.53

	
0.32

	
−0.48

	
−0.29

	
0.53

	
0.33

	
−0.47

	
−0.29




	
LWT

	
0.58

	
0.36

	
−0.43

	
−0.26

	
0.53

	
0.32

	
−0.48

	
−0.29

	
0.58

	
0.36

	
−0.43

	
−0.26

	
0.53

	
0.32

	
−0.48

	
−0.29




	
CTM

	
0.58

	
0.36

	
−0.43

	
−0.26

	
0.54

	
0.33

	
−0.46

	
−0.28

	
0.52

	
0.32

	
−0.48

	
−0.30

	
0.58

	
0.36

	
−0.42

	
−0.26




	
IRS

	
0.58

	
0.36

	
−0.43

	
−0.26

	
0.58

	
0.36

	
−0.42

	
−0.26

	
0.57

	
0.35

	
−0.43

	
−0.27

	
0.51

	
0.31

	
−0.49

	
−0.30
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Table A15. Score function values of the competencies.






Table A15. Score function values of the competencies.












	
	SLF
	ITT
	RTS
	IMH





	FNC
	0.191
	0.199
	0.192
	0.194



	LWT
	0.204
	0.192
	0.204
	0.192



	CTM
	0.204
	0.195
	0.192
	0.207



	IRS
	0.204
	0.207
	0.201
	0.191
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Table A16. Normalized matrix.






Table A16. Normalized matrix.












	
	SLF
	ITT
	RTS
	IMH





	FNC
	0.476
	0.501
	0.488
	0.493



	LWT
	0.508
	0.485
	0.517
	0.491



	CTM
	0.508
	0.491
	0.486
	0.528



	IRS
	0.508
	0.522
	0.510
	0.487
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Table A17. Weighted matrix.






Table A17. Weighted matrix.












	
	SLF
	ITT
	RTS
	IMH





	FNC
	0.115
	0.128
	0.122
	0.125



	LWT
	0.123
	0.124
	0.129
	0.124



	CTM
	0.123
	0.125
	0.121
	0.134



	IRS
	0.123
	0.133
	0.127
	0.124
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Table A18. C and D matrixes.






Table A18. C and D matrixes.





	

	
C

	
D




	
SLF

	
ITT

	
RTS

	
IMH

	
SLF

	
ITT

	
RTS

	
IMH






	
SLF

	
0.000

	
0.509

	
0.505

	
0.254

	
0.000

	
1.000

	
1.000

	
1.000




	
ITT

	
0.491

	
0.000

	
0.491

	
0.745

	
0.535

	
0.000

	
1.000

	
1.000




	
RTS

	
0.495

	
0.750

	
0.000

	
0.495

	
0.284

	
0.829

	
0.000

	
0.754




	
IMH

	
0.746

	
0.497

	
0.746

	
0.000

	
0.202

	
0.184

	
1.000

	
0.000
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Table A19. E, F and G matrixes.






Table A19. E, F and G matrixes.





	

	
E

	
F

	
G




	
SLF

	
ITT

	
RTS

	
IMH

	
SLF

	
ITT

	
RTS

	
IMH

	
SLF

	
ITT

	
RTS

	
IMH






	
SLF

	
0

	
0

	
0

	
0

	
1

	
0

	
0

	
0

	
0

	
0

	
0

	
0




	
ITT

	
0

	
0

	
0

	
1

	
1

	
1

	
0

	
0

	
0

	
0

	
0

	
0




	
RTS

	
0

	
1

	
0

	
0

	
1

	
0

	
1

	
0

	
0

	
0

	
0

	
0




	
IMH

	
1

	
0

	
1

	
0

	
1

	
1

	
0

	
1

	
1

	
0

	
0

	
0
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Figure 1. Flowchart. 
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Figure 2. Impact-relation map for the perspectives. 
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Figure 3. Impact-relation map for the competencies. 
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Table 1. Balanced scorecard perspectives for distributed energy investments.
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	Perspectives
	References





	Finance (FNC)
	[28,57]



	Learning and Growth (LWT)
	[32,58]



	Customer (CTM)
	[18,40]



	Internal Process (IRS)
	[29,59]
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Table 2. Selected knowledge-oriented competencies for emerging economies.
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	Competencies
	References





	Skilled Workforce (SLF)
	[13,61]



	Innovation Potential (ITT)
	[19,62]



	Regulations (RTS)
	[63,64]



	Information and Communication Technology (IMH)
	[65,66]
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