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Abstract


Building energy performance contracts have emerged as a highly effective strategy for reducing energy consumption in both developed and developing markets. These projects inherently involve risks, and a comprehensive risk analysis can greatly enhance their successful implementation, especially in emerging markets. This research aims to analyze risks associated with building energy performance projects, considering their interrelationships, prioritization, and the ranking of optimal project types based on the analyzed risks. Given its position as the largest electrical energy consumer in the Middle East and its status as an emerging market, Iran was selected as the case study for conducting the risk analysis. Thirteen risk factors were classified into four distinct risk groups, and their relationships and priority weights were determined using a hybrid DANP approach. Subsequently, the VIKOR method was employed to rank the most-advantageous project types based on their risk priorities. The findings of this research identified project lifecycle risks as the highest-priority risks, while external risks were determined to be the most-influential among all identified risks. Moreover, the implementation of packaged public projects was identified as the most-favorable alternative for promoting building energy performance projects in Iran and similar emerging markets. By providing a comprehensive understanding of risks, this study offers valuable insights that can aid emerging and developing markets in successfully implementing energy performance projects and improving overall energy efficiency.
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1. Introduction


The building sector plays a significant role in global carbon dioxide emissions, accounting for approximately one-third of energy- and process-related emissions, both directly and indirectly [1]. High energy consumption is associated with a wide range of threats, including environmental impacts, among others. Energy performance projects have been introduced as one of the most-effective ways to reduce energy consumption and improve the overall energy efficiency of buildings [2]. In Energy Performance Contracting (EPC) projects, energy savings are the central means of earning income and covering project costs, enabling these projects to quickly establish themselves in energy-intensive markets [3,4,5]. EPC projects are not limited to developed countries, as a considerable number of developing countries have already embraced them as a primary strategy for reducing energy costs [6,7]. Nevertheless, despite the significant growth of these projects in both developed and developing countries, their market in many energy-intensive countries, such as Iran, is still in its early stages [8,9].



Despite the obvious advantages of EPC projects, they are typically subjected to risks [10], necessitating a combination of various factors to achieve success [11,12,13]. The inherent riskiness of these projects hampers their development in newly established and emerging markets, where risk analysis plays a crucial role in driving market growth [10]. Consequently, numerous research studies have been conducted on EPC risks in both developed and developing markets. Some studies have investigated the risks faced by Energy Service Companies (ESCOs), which are the main players in implementing EPC projects, at both the European level [14,15] and in specific countries such as Finland [16] and Sweden [17]. Moreover, significant research has been carried out on risk identification and analysis in emerging markets, including China’s EPC projects, contributing to the development of that market. For example, Da-li et al. [18] investigated different risks associated with the development of EPC markets in China and proposed various measures to mitigate them. Liu et al. [19] analyzed the threats and weaknesses for the development of China’s EPC projects using the Analytic Network Process (ANP)-Strengths, Weaknesses, Opportunities, and Threats (SWOT) method. Various methods have been employed to analyze risks in EPC projects. Lee et al. [20] utilized sensitivity analysis and Monte Carlo techniques to quantitatively simulate risk assessment. Other researchers have employed qualitative methods to analyze risks. Wang et al. [21] identified and prioritized the risks of EPC projects by comparing the best–worst method with other techniques to validate the proposed model. Another study [22] ranked identified risks using a new approach called Multi-Attributive Border Approximation area Comparison (MABAC) method, considering decision-makers’ bounded rationality and behavioral psychology. Additionally, Garbuzova-Schlifter et al. [23] applied the Analytic Hierarchy Process (AHP) method to rank EPC risks in Russia’s market.



Despite the application of various approaches by researchers to analyze risks in EPC projects, the interrelationship between risks is often overlooked, limiting the applicability of these studies and making risk management challenging, particularly in developing markets that face multiple risks. Moreover, the implementation of high-risk projects in new markets can result in early project failure, thereby diminishing the effectiveness of energy efficiency policies. To address these issues, this study aims to achieve several objectives. Firstly, it seeks to identify a comprehensive range of risks specific to EPC projects in emerging markets, with a particular focus on the case of Iran. Secondly, it aims to establish a network of relationships among these risks to deepen the understanding of risk management. Thirdly, the study aims to prioritize the identified risks to enhance the likelihood of identifying effective solutions. Lastly, it aims to rank three low-risk project types as alternatives during the initial stages of market development to increase the probability of success for EPC projects.



To address the aforementioned objectives, a hybrid Multi-Criteria Decision-Making (MCDM) technique that combines Decision-Making Trial and Evaluation Laboratory (DEMATEL), ANP, and VIekriterijumsko KOmpromisno Rangiranje (VIKOR) is employed. This proposed approach not only establishes a network of risks and their priorities, but also ranks the most-favorable alternatives. By offering a more-accurate depiction of the risks and their interrelationships, this method facilitates policymakers in making more-effective decisions. Similar approaches have been successfully utilized by researchers in various industries to tackle complex problems [24]. Some notable studies in this regard include the identification and ranking of risks in product lifecycle management by [25], the control of information security risks [26], and optimal vendor selection for recycled materials [27].



Figure 1 illustrates the six-stage research process undertaken in this study. In the initial stage (Section 2.2), a comprehensive set of risks in both developed and developing markets was identified. Subsequently, a selection of relevant projects was identified based on successful experiences in developed and developing markets (Section 2.3). The second stage involved the integration and categorization of the identified factors through focus group meetings, followed by the distribution of questionnaires (Section 3.1). In the third stage, the collected questionnaire data were utilized to compute the proposed research method (Section 3.2). The results are presented in Section 4 and analyzed in Section 5. Finally, a summary of the research findings and their implications is provided in Section 6.




2. Literature Review


2.1. Related Studies


Numerous studies have embraced the MCDM approaches to provide optimized solutions in various domains. One widely employed technique, the Epsilon-Based Measure (EBM), has been instrumental in evaluating the efficiency of systems in recent research endeavors [28,29]. Notably, the supply chain domain has witnessed significant improvements through the integration of MCDM approaches, as evident in the works of Kler et al. [30] and Alipour-vaezi [31]. Furthermore, MCDM techniques have found applications in diverse fields, extending their impact beyond traditional domains. For instance, in the context of post-disaster reconstruction, MCDM has proven invaluable for providing solutions that prioritize reconstruction approaches, as demonstrated by Mohammadnazari [32]. Moreover, the scope of MCDM implementation has expanded to encompass health and safety improvements, as explored in studies by Alipour-vaezi et al. [33] and Ballesteros [34]. Additionally, MCDM methods have been employed to evaluate organizational factors that enhance coordination in buildings. Notable research conducted by Ourang et al. [35], Rajabi [36], and Rajabi [37] has highlighted the significance of leveraging MCDM approaches to optimize coordination within organizational structures.




2.2. Identification of Risks Associated with the Implementation of Building Energy Performance Projects


In this section, we conduct a thorough identification of risks, integrating similar ones based on previous studies conducted in both developed and developing markets. This study addresses the comprehensive range of risks associated with the implementation of building energy performance projects. Specifically, it investigates both the risks that jeopardize the success of these projects and the potential negative effects on the environment that may arise from their implementation. Subsequently, all the identified risks are categorized and presented in Table A1 in Appendix A. The identified risks from previous studies were presented to several experts, who reached a consensus on the risk categorization, which includes risks in project lifecycle, market and technology risks, legal and contractual risks, and external risks. Additionally, the experts contributed by adding several risks to the ones identified from the literature (further details are provided in Section 3.1).



2.2.1. Risks in Project Lifecycle


During the project planning phase, inaccurate energy user data [23,38,39] can lead to lower accuracy of energy-saving simulations. Conversely, the inability of ESCOs to precisely measure data can result in complications [20,40]. The absence of standardized energy user systems and variations in energy consumption patterns among users have been identified as significant local risks [10]. Additionally, industry experts consider the lack of local consulting companies as a notable risk.



Moving on to the execution phase, the lack of experienced ESCOs and subcontractors can impede the success of projects [21,41]. Ensuring that the installation of equipment in the energy user system is scheduled at specific times is crucial to avoid disruption to energy user activities [10]. Poor cooperation and a negative working environment, in general, can have a detrimental effect on project performance [39,41]. Moreover, given the extended contract duration of these projects [42], the risk of inadequate operation and maintenance practices arises, potentially hindering project success [23,43]. These risks in the operation and maintenance phase include a lack of sufficient knowledge and experience in equipment usage and maintenance [23,41]. All these comprise the risks in the Project lifecycle (P).




2.2.2. Market and Technology Risks


The group of risks related to Market and technology (M) is further categorized into three factors: demand risk (M1), finance risk (M2), and technology risk (M3). In new markets, limited demand poses a significant risk for ESCOs, potentially decreasing their motivation to undertake projects [21,23]. Issues specific to markets like Iran can further threaten these projects.



Finance plays a crucial role in EPC projects, with its importance amplified in emerging markets where many small-scale ESCOs struggle to secure project financing [44,45]. Moreover, numerous banks are unfamiliar with EPC models and find it challenging to identify viable projects for financing [41,46]. Cumbersome rules in the public sector make the finance process intricate, discouraging many financial institutions from entering this area [19]. Fluctuations in interest rates [10] and a lack of government backing [40,47] have also been identified as risks in various EPC markets. Additionally, experts have highlighted the potential inability of internal investors to finance EPC projects as local risks.



With advancing technology and the introduction of more-sophisticated equipment to the market, the complexity of energy-saving equipment increases [38]. In emerging markets, up-to-date equipment is scarce and often comes at a significant cost [41]. Consequently, some small-sized companies resort to using inefficient technologies, thereby increasing project risks [19]. The complexity of user equipment [46] and dependence on imported equipment [47] are among the technological risks associated with EPC projects. Moreover, the procurement and transfer of appropriate technology to countries like Iran present additional challenges.




2.2.3. Legal and Contractual Risks


The group of risks associated with legal and Contractual (C) aspects can be further categorized into three factors: legal risks (C1), contractual risks (C2), and credit risks (C3). The success of many EPC projects relies on the presence of supportive laws [2,45]. The absence or frequent changes in these laws can significantly increase project risks [41]. In the public sector, projects often face challenges in obtaining the required permits due to complex rules and regulations [48].



The selection of an appropriate business model plays a fundamental role in the development of EPC projects [16,42,49]. In emerging markets like Iran, the localization of EPC business models is still lacking, and the lack of alignment with local laws can lead to project failure. The credibility of the parties involved in the projects forms the foundation for trust between them [49,50]. A lack of credibility can result in energy users or ESCOs failing to fulfill their responsibilities, ultimately leading to conflicts within projects [23,49].




2.2.4. External Risks


External (E) risks encompass a set of risks that are beyond the control of EPC experts, meaning that these risks are external to the expertise and influence of the professionals involved in the building energy performance projects. These risks are more closely associated with policy-makers, governmental decisions, or other external factors that may significantly impact the project’s success or outcomes. This group of risks can be further categorized into four factors: economic risks (E1), political risks (E2), social risks (E3), and climate risks (E4).



Economic risks typically involve fluctuations in prices, inflation, and the uncertainty of energy tariffs [41,46]. Moreover, low energy prices directly impact the profitability and productivity of ESCOs, thereby affecting the progress of projects [51,52]. Changes in governments and subsequent alterations in supportive policies, especially in emerging markets, can have a negative impact on EPC projects [44]. Additionally, diplomatic issues and international tensions, as observed in many countries including Iran, pose risks to project success.



In emerging markets, a lack of awareness among energy users regarding EPC projects [53] often leads to public opposition due to concerns about increased energy prices. Unfavorable weather conditions also contribute to external risks [10,21].





2.3. Identification of Alternatives


In this section, our objective is to identify the lowest-risk alternatives through a comprehensive review of experiences in both developed and developing markets. We presented the identified project types from developed and developing countries to experts in a focus groups. After multiple meetings and thorough discussions, the experts selected three alternatives (further details in Section 3.1). Table 1 displays the identified projects in developed and developing markets on the left, and on the right, it presents the outputs of the focus group with the three selected projects.



2.3.1. Developed Markets


To identify project characteristics that contribute to the success of developed markets, we can review EPC projects in countries such as the United States and Germany. The United States has a significant share of the global EPC market [60]. Public projects, including government buildings, universities, schools, treatment centers, and hospitals, are prominent in the United States [53]. EPC projects enable the public sector to comply with government regulations and update existing equipment and facilities [8]. Germany, as one of the most-developed European markets [60], can also provide insights into lower-risk projects. In the early stages of the German ESCO market, packaged projects were utilized in the public sector [54]. By dividing public buildings into numerous projects, the market reduced technology risks and project delays [61]. Additionally, the EPC market in Austria can serve as a practical choice, as its rapid development makes it a role model for emerging markets [56]. Municipal street lighting projects and energy efficiency improvements of old buildings were crucial factors that stimulated demand in this market [14].




2.3.2. Developing Markets


Developing markets share similarities with emerging markets and can provide valuable insights. The Korean market is a successful example in this regard. Although EPC projects in Korea were not a top priority for a long time [57], projects in the industrial sector significantly contributed to the market’s growth [8]. The selection of simple projects also helped mitigate risks and supported market expansion [57].



The EPC market in Turkey has shown significant growth in recent years [58,59]. Given Iran’s proximity and cultural similarities, projects in the Turkish market can help identify suitable alternatives. The support of universities for EPC projects and the implementation of projects in the residential and industrial sectors have been considered positive strategies in Turkey [58]. Furthermore, the growth of EPC projects in Bulgaria, after a period of stagnation due to low energy prices [8], can introduce feasible projects to the Iranian market, which also experiences low energy prices. Municipal lighting projects have played a vital role in the development of the EPC market in Bulgaria [8].






3. Materials and Methods


The AHP method [62] is often considered impractical for real-world problems due to a lack of interdependencies [63]. The ANP method [64] was proposed as a solution to address this limitation. However, the ANP method derives the weighted super-matrix by dividing each factor in each column by the number of clusters, resulting in each column having the same weight and not considering the influence of clusters on each other [27,65]. To overcome these challenges, this research utilizes the DANP technique, which combines the DEMATEL method with ANP [66,67].



In the DANP method, the interrelationships among the risks are measured using the DEMATEL method [68]. This approach generates an Influential Network Relation Map (INRM) that depicts the relationships among the risk factors. The risk weights are then determined using DANP. These risk weights are subsequently used in conjunction with the VIKOR method [69] to rank the alternatives. A schematic diagram illustrating the DANP with VIKOR method is shown in Figure 2. While the DANP with VIKOR method demonstrates notable advantages in addressing the limitations of traditional AHP and ANP approaches, it is essential to acknowledge a potential limitation in the DANP technique itself. The DANP method heavily relies on expert judgments to establish the influential network relation map, which may introduce subjectivity and bias into the decision-making process.



3.1. Data Collection


To ensure a robust and comprehensive data collection process, this study engaged in an extensive eight-month endeavor involving more than 20 focus group meetings. The focus group meetings were attended by a panel of experts with diverse backgrounds, as detailed in Table 2, all of whom possessed significant experience in Iran’s EPC market.



The data collection process began with the identification of 68 risk factors derived from existing research and the integration of six types of projects based on experienced markets, resulting in a total of 44 risk factors. Among these, 35 risks were sourced from the existing literature, while an additional 9 risks were contributed through expert opinions gathered during the focus group meetings (as described in Section 3.1). Subsequently, to gain deeper insights into the interrelationships among the identified risks, experts from the focus groups classified these risks based on their previous studies and personal opinions.



The classification process involved categorizing risks with similar roots or underlying causes into distinct risk groups. The rationale behind this classification was to understand how risks within the same category might be interconnected and how they collectively influence specific dimensions of the EPC market in Iran. Consequently, this categorization enabled the study to explore the interdependencies among the identified risks and shed light on the complex dynamics that shape the overall risk landscape in the context of EPC projects. As a result of this classification process, the 44 risk factors were further organized into 13 factors and four dimensions, as elaborated in Section 5.



Moreover, to ensure a representative sample, 140 verified questionnaires were distributed among Iranian ESCOs and building energy companies officially registered in the Ministry of Energy. The design of these questionnaires is presented in Appendix B. The selection of this target population was based on their expertise and direct involvement in the Iran EPC market. Out of the 140 questionnaires, 106 were successfully collected and used for subsequent calculations and analysis. While the focus group meetings and questionnaires were designed to yield robust insights, it is important to acknowledge potential limitations associated with data collection. The reliance on expert opinions and self-reporting through questionnaires might introduce subjectivity and response bias. Nevertheless, measures, such as the validation process by the focus group, were taken to mitigate such limitations and ensure the rigor of the data-collection process. The inputs and outputs of the focus group meetings are visually depicted in Figure 3, providing a clear overview of the data-gathering process.




3.2. The DEMATEL Process


3.2.1. Step 1: Construct the Direct Relationship Matrix (A)


After collecting the questionnaires and calculating the average scores, the direct relationship matrix A was constructed. In this matrix,   a  i j    represents the influence of criterion i on criterion j.


  A =      a 11    ⋯    a  1 j     ⋯    a  1 n       ⋮      ⋮      ⋮      a  i 1     ⋯    a  i j     ⋯    a  i n       ⋮      ⋮      ⋮      a  n 1     ⋯    a  n j     ⋯    a  n n        



(1)








3.2.2. Step 2: Normalized Direct Relationship Matrix (X)


Matrix   X =   [  x  i j   ]   m × n     is obtained by normalizing the matrix A through the following equations. Based on Equation (3), the maximum amount for the total sum of values in each row and column is divided by the corresponding entries in the direct relationship matrix.


    X    = z × A        



(2)






    z    = m i n   1  m a  x  1 ⩽ i < n    ∑  j = 1  n   a  i j     ,  1  m a  x  1 ⩽ i < n    ∑  i = 1  n   a  i j          



(3)








3.2.3. Step 3: Compute the Total Relation Matrix (  T c  )


Matrix X represents direct relationships between the entries, and   X 2   denotes indirect (second-hand) relations, and so on. The total relationship matrix T is given as follows.


    T    = X +  X 2  + ⋯ +  X h  =  lim  h → ∞   X +  X 2  + ⋯ +  X h           = X  ( I + X + ⋯ +  X  h − 1   )   ( I − X )    ( I − X )   − 1   = X  ( I −  X h  )    ( I − X )   − 1        T    = X   ( I − X )   − 1   , h → ∞     



(4)







Now, the sums of the rows and columns were taken to obtain matrices R and S.


  T =   t  i j    , i , j = 1 , 2 , ⋯ , n  



(5)






  R =    r i    n × 1   =    ∑  j = 1  n   t  i j     n × 1   , S =    s j    n × 1   =    ∑  i = 1  n   t  i j     1 × n    



(6)







Therefore,   (  r i  +  s j  )   represents the importance degree of each factor within the whole system and   (  r i  −  s j  )   denotes the net influence given by or received by the factors in the system. If this value is positive, factor i is characterized as a cause, and whenever the value is negative, the factor is identified as an effect.





3.3. The DANP Process


3.3.1. Step 4: Formation of Unweighted Super-Matrix (  W c  )


In this step, the total relationship matrix   T C   is used as the basis for calculations. The values of the entries in all columns are summed to normalize this matrix. As a result, the matrix    T C  =   [  t  i j   ]   n × n     is obtained from the entries of matrix T, and matrix    T D  =   [  t  i j  D  ]   m × m     is derived from the clusters of matrix T.


    T C  =                D 1   c 1 ⋯ c 1 m 1                   D j   c j 1 ⋯ c j m j                   D n   c n 1 ⋯ c n m n                        D 1       c 1 m 1      c 11      ⋮                    D i       c i m i      c i 1      ⋮         ⋮             D n       c n m n      c n 1      ⋮         ⋮            T  c  11    ⋯    T  c   1 j     ⋯    T  c   1 n       ⋮      ⋮      ⋮      T  c   i 1     ⋯    T  c   i j     ⋯    T  c   i n       ⋮      ⋮      ⋮      T  c   n 1     ⋯    T  c   n j     ⋯    T  c   n n            



(7)







After the normalization of matrix T using the clusters, the new matrix   T C α   is given by the following formula.


    T  c  α  =                D 1   c 1 ⋯ c 1 m 1                   D j   c j 1 ⋯ c j m j                   D n   c n 1 ⋯  c n   m n                         D 1       c 1 m 1      c 11      ⋮                    D i       c i m i      c i 1      ⋮         ⋮             D n       c n m n      c n 1      ⋮         ⋮            T  c   α 11     ⋯    T  c   α 1 j     ⋯    T  c   α 1 n       ⋮      ⋮      ⋮      T  c   α i 1     ⋯    T  c   α i j     ⋯    T  c   α i n       ⋮      ⋮      ⋮      T  c   α n 1     ⋯    T  c   α n j     ⋯    T  c   α n n            



(8)







Furthermore, Equations (9) and (10) show the normalization process for matrix   T C  α 11   .


   d  11   c i   =  ∑  j = 1   m 1    t   c  i j    11  , i = 1 , 2 , ⋯ ,  m 1   



(9)






    T  c   α 11   =       t  c 11  11  /  d  c 1  11      ⋯     t  c 1 j  11  /  d  c 1  11      ⋯     t  c 1 m 1  11  /  d  c 1  11        ⋮      ⋮      ⋮       t  c i 1  11  /  d  c i  11      ⋯     t  c i j  11  /  d  c i  11      ⋯     t  c i m 1  11  /  d  c i  11        ⋮      ⋮      ⋮       t  c m 11  11  /  d  c m 1  11      ⋯     t  c m 1 j  11  /  d  c m 1  11      ⋯     t  c m 1 m 1  11  /  d  c m 1  11        =      t  c 11   α 11     ⋯    t  c 1 j   α 11     ⋯    t  c 1 m 1   α 11       ⋮      ⋮      ⋮      t  c i 1   α 11     ⋯    t  c i j   α 11     ⋯    t  c i m 1   α 11       ⋮      ⋮      ⋮      t  c m 11   α 11     ⋯    t  c m 1 j   α 11     ⋯    t  c m 1 m 1   α 11         



(10)







Then, the unweighted matrix   W C   is built as follows.


   W =     T  c  α    ′  =                D 1   c 1 ⋯ c 1 m 1                   D j   c j 1 ⋯ c j m j                   D n   c n 1 ⋯ c n m n                        D 1       c 1 m 1      c 11      ⋮                    D i       c i m i      c i 1      ⋮         ⋮             D n       c n m n      c n 1      ⋮         ⋮             W  11    ⋯     W   i 1     ⋯     W   n 1       ⋮      ⋮      ⋮       W   1 j     ⋯     W   i j     ⋯     W   n j       ⋮      ⋮      ⋮       W   1 n     ⋯     W   i n     ⋯     W   n n            



(11)








3.3.2. Step 5: Building the Weighted Super-Matrix   W α  


Equations (7)–(11) are performed as the previous step for the total relationship matrix of clusters in order to build the unweighted super-matrix   T D α   as follows.


    T  D  α  =      t  D   α 11     ⋯    t  D   α i 1     ⋯    t  D   α n 1       ⋮      ⋮      ⋮      t  D   α 1 j     ⋯    t  D   α i j     ⋯    t  D   α n j       ⋮      ⋮      ⋮      t  D   α 1 n     ⋯    t  D   α i n     ⋯    t  D   α n n         



(12)







Now, the unweighted super-matrix of clusters is multiplied by   T C α   to obtain the weighted super-matrix.


    W α  =  T  D  α  W =       t  D   α 11   ×  W 11     ⋯     t  D   α i 1 j   ×  W  i 1      ⋯     t  D   α n 1   ×  W  n 1        ⋮      ⋮      ⋮       t  D   α i 1   ×  W  1 j      ⋯     t  D   α i j   ×  W  i j      ⋯     t  D   α n j   ×  W  n j        ⋮      ⋮      ⋮       t  D   α 1 n   ×  W  1 n      ⋯     t  D   α i n   ×  W  i n      ⋯     t  D   α n n   ×  W  n n          



(13)








3.3.3. Step 6: Building the Limit Super-Matrix


Limiting the weighted super-matrix by increasing the power k is continued until the amount of criteria weights remains unchanged. Therefore, the super-matrix is converged by    lim  k → ∞     (  W α  )  K    in order to build the limit super-matrix. The super-matrix obtains the final weights used for providing a ranking [66].





3.4. The VIKOR Process


3.4.1. Step 7: Building the Normalized VIKOR Matrix


A decision matrix was built from the questionnaires collected. The entry   a  i j    represents the influence of criteria i on alternative j. Then, the decision matrix is normalized using Equation (14).


      r  i j   =      a  i j      ∑  i = 1  m    (  a  i j   )  2        



(14)








3.4.2. Step 8: Determining Positive and Negative Ideal Solutions


In this step, the positive and negative ideal solutions are calculated by Equations (15) and (16).


     F *     =   f  1  *  = m a x  r  i 1   ,  f  2  *  = m a x  r  i 2   , ⋯ ,  f  n  *  = m a x  r  i n        



(15)






     F −     =   f  1  −  = m i n  r  i 1   ,  f  2  −  = m i n  r  i 2   , ⋯ ,  f  n  −  = m i n  r  i n        



(16)








3.4.3. Step 9: Calculating the Utility Measure (S) and Regret Measure (Q) for Each Alternative


In this step, the utility measure (S) and regret measure (Q) for each alternative is obtained by Equations (17) and (18), respectively. The weights   w i   are those obtained by the DANP method.


      S i  =      L  i   P = 1   =   ∑  j = 1  n  [  w j   ( |   f  j  *  −  f  i j    | )  /  ( |   f  j  *  −  f  j  −   | ) ]          



(17)






      Q i  =      L  i   P = ∞   = m a x   w j   ( |   f  j  *  −  f  i j    | )  /  ( |   f  j  *  −  f  j  −   | )  , j = 1 , 2 , ⋯ , n      



(18)








3.4.4. Step 10: Calculating the VIKOR Index and Ranking of Alternatives


The VIKOR index should be measured first to choose and rank alternatives. The index is given as follows.


   R k  = v  (  S k  −  S *  )  /  (  S −  −  S *  )  +  ( 1 − v )   (  Q k  −  Q *  )  /  (  Q −  −  Q *  )   



(19)




where the value    S −  = m a  x i   S i  ,    S *  = m i  n i   S i  ,    Q *  = m i  n i   Q i  ,    Q −  = m a  x i   Q i    is obtained. Then, the alternatives are ordered based on the values of Q, S, and R. Given the negative characteristic of risks, the best alternative is the one with a higher Q and S than the others, meaning that the associated alternative has a high distance from the ideal solution, and it is introduced as the desirable alternative.






4. Results


4.1. Building the Network of Risk Relations


In this section, the Influential Network Relation Map (INRM) is constructed to depict the relationships among the risks in EPC projects. The results are presented as follows.



4.1.1. Step 1: Establishing the Direct Relationship Matrix for Risk Factors


After collecting the questionnaires and eliminating imperfect ones, the direct relationship matrix is obtained based on the average scores provided by the respondents. The matrix is shown in Table 3.




4.1.2. Step 2: Building the Normalized Relationship Matrix


The normalized matrix is obtained through the utilization of Equations (2) and (3), as depicted in Table 4. Based on these equations, the maximum amount for the total sum of values in each row and column is divided by the corresponding entries in the direct relationship matrix. Consequently, the maximum summation, which is 28.375 in Column 3, serves as the divisor for all the entries in the matrix.




4.1.3. Step 3: Building the Total Relation Matrix and Network Relationship Map of Risks


In this step, we obtain the total relationship between the risks using Equations (4)–(6). The total relationship matrix (  T c  ) demonstrates the direct and indirect influence of risk factors and dimensions on each other, as shown in Table 5. Additionally, Table 6 presents the importance degree of factors and dimensions, along with their causal or effect nature. In this table, the value of   (  r i  −  s j  )   represents the cause or effect relationship between risks. Risks with positive values are classified as causative risks, while risks with negative values are classified as effect risks. However, it should be noted that this cause or effect relationship can be negligible in some risks when the value is near zero. For example, E4 or environmental risks exhibit both cause and effect features, but with more effect features, leading to a value close to zero for   (  r i  −  s j  )  . Furthermore, the Influential Network Relation Map (INRM) for risk factors and dimensions is depicted in Figure 4a based on the obtained tables.





4.2. Determining the Weights and Ranking of Risks


4.2.1. Step 4: Calculating the Unweighted Matrix


According to Equations (7)–(11), the unweighted matrices for risk factors and dimensions are calculated as Table 7.




4.2.2. Step 5: Building the Weighted Super-Matrix


The weighted matrix for risk factors is derived using Equations (1) and (13), as seen in Table 8.




4.2.3. Step 6: Building the Limit Matrix and Ranking of the Risk Factors


In this step, the weighted super-matrix is converged using the corresponding equations in order to obtain the final weight for each risk factor. The weighted super-matrix is converged after taking the fourth power. Finally, Table 9 shows the final weights (priority) of risk factors and their ranking. These weights were used in the VIKOR calculations.





4.3. Ranking Alternatives


After collecting the questionnaires and removing imperfect ones, the VIKOR matrix was obtained to rank alternatives. The normalized matrix was calculated using Equations (1) and (14), and the indicators required to rank alternatives were derived using Equations (15)–(19). The weights of the risk factors obtained in the previous section were applied in Equations (17) and (18). Consequently, the distance between the risk factors and the ideal solution was measured. Table 10 represents the normalized matrix, positive and negative ideal solutions, and alternatives rankings.





5. Discussion


5.1. Influential Network Relation Map between Risks


Table 6 provides a characterization of the risks based on the values of   (  r i  +  s j  )   and   (  r i  −  s j  )  . The value of   (  r i  +  s j  )   indicates the importance degree of each factor, while values of   (  r i  −  s j  )   above the horizontal axis (positive) indicate the impact of the corresponding factor on other criteria (cause) and values below the horizontal axis (negative) imply that the factor is influenced by the others (effect).



5.1.1. Influential Relation of Risk Dimensions


According to Figure 4a and Table 6, the value of   (  r i  −  s j  )   for External risk dimensions (E) is 0.25, which is the highest value among the other risk dimensions. This indicates that external risks have a significant influence on all other risk dimensions, particularly on the influenced risk dimensions P and M. As external risks are beyond the control of EPC experts, decision-makers can positively impact other risks by effectively managing and controlling these external risks. A similar pattern can be observed for Contractual risks (C) with a   (  r i  −  s j  )   value of 0.19, indicating their significant influence on other criteria.



The value of   (  r i  +  s j  )   for Project lifecycle risks (P) and Market and technology risks (M) is 0.91 and 0.87, respectively, making them the most-influential dimensions among the risk dimensions. This suggests a strong relationship of these dimensions with other criteria. While EPC experts have limited control over Project lifecycle risks (P) and Market and technology risks (M), their ability to manage External risks (E) and Contractual risks (C) directly affects the other risks.



Overall, the discussion highlights that, although managers may have limited control over certain risk dimensions, such as Project lifecycle risks (P) and Market and technology risks (M), their ability to effectively manage External risks (E) and Contractual risks (C) can have a positive impact on other risks.




5.1.2. Influential Relation of External Risks


According to Figure 4e, political risks (E2) have a   (  r i  −  s j  )   value of 0.29, indicating their causal nature in relation to other risks within this dimension. Although political risks are ranked third in terms of their importance degree   (  r i  +  s j  )  , they have the most-significant direct impact on other risks across the dimensions E, C, P, and M. This implies that addressing political risks and managing factors such as unstable regulations can increase the likelihood of success in the EPC market in Iran.



The high importance degree   (  r i  +  s j  )   of social risks (E3) with a value of 0.61 highlights the positive impact of promoting awareness by social decision-makers on project outcomes. By creating awareness and understanding of the benefits of EPC projects among the public, the adoption and implementation of such projects can be facilitated.



Regarding economic risks (E1), it is observed that they influence other risks and are influenced by political risks to a similar extent. An incremental increase in energy prices, as seen in markets such as Bulgaria [8], can enhance the profitability of EPC projects and promote awareness of the EPC concept. This, in turn, can lead to better financing opportunities for EPC projects. Overall, the discussion emphasizes the significance of addressing political risks, promoting social awareness, and considering economic factors such as energy prices to create a favorable environment for the development of the EPC market in Iran.




5.1.3. Influential Relation of Legal and Contractual Risks


Based on Figure 4d, the importance degree of Contractual risks (C2) is 0.44, which aligns with previous research indicating that the use of standardized contract models directly contributes to better project acceptance and execution procedures [15]. Developing contractual models tailored to the conditions of the Iranian market, through research and analysis, can significantly help in managing this risk.



The importance degree of legal risks (C1) and credit risks (C3) is approximately the same, with a value of 0.36. This emphasizes the importance of having stable legislation and addressing restrictive bureaucratic processes related to EPC projects. Additionally, it underscores the significance of trust and credibility between the parties involved in the contract.




5.1.4. Influential Relation of Market and Technological Risks


As shown in Figure 4c, the positive value of   (  r i  −  s j  )   for demand risks (M1) indicates the influence of motivation factors on crucial risks related to finance (M2) and technology (M3). The presence of bidirectional arrows between finance risks (M2) and technology risks (M3) suggests a direct relationship between these two aspects. This implies that having control over finance risks contributes to the utilization of better equipment and the reduction of technology-related risks. Furthermore, mitigating technology risks enhances profitability and improves project finances.



With an importance degree of 0.61, both finance risks (M2) and technology risks (M3) are emphasized as crucial factors directly impacting the successful implementation of projects. This highlights the need for effective management of these risks to ensure project success.




5.1.5. Influential Relation of Project Lifecycle Risks


Figure 4b illustrates the high importance of all three factors within the project lifecycle dimension. Planning and design risks (P1) have an importance degree of 0.67, followed by execution risks (P2) with 0.70, and operation and maintenance risks (P3) with 0.71. This implies that EPC experts can increase the likelihood of project success by effectively managing these risks. The direct impact of planning and design risks (P1) on other risks suggests that, by mitigating risks within this factor, experts can better control other risks. Additionally, the mutual relationship between execution risks (P2) and operation and maintenance risks (P3) emphasizes the direct association between these two phases, further underscoring the importance of addressing these risks appropriately.





5.2. Risk Factors’ Priorities (Weights)


According to Table 9, operation and maintenance risks (P3) are ranked first, indicating their high priority among EPC projects. This highlights the significant importance of effectively managing these risks for the success of the project. The negative value of   (  r i  −  s j  )   in Table 6 for this risk factor suggests its influenced nature, meaning that the occurrence of other risks has a negative impact on the operation and maintenance risks. This can lead to dissatisfaction among energy users and ultimately result in the failure of EPC projects. According to Table 11, the findings of this study underscore the significance of Operation and Maintenance (O&M) risks. Additionally, it is noteworthy to mention that the identified risks in other studies, namely financial risks and market risks, closely align with the most-influential risk identified in our study, which is the political risk. The results reveal that political risk has the greatest impact on other risk factors. Political stability and government policies directly influence the financial climate and market conditions for such projects. As a result, political risk emerges as a critical determinant that shapes the landscape for other risks in the EPC domain, making it a central focus of concern in both our study and other related research.



In terms of ranking, five risk factors are listed from first to fifth: P3, P2, M3, M2, and P1. Except for design and planning risks (P1), all other factors exhibit an influenced nature (effect). However, it should be noted that the role of design and planning risks (P1) is particularly important as they enable experts influence other risks by effectively controlling the planning and design stages.



In order to effectively manage project lifecycle risks (P) and market risks (M), managers and policymakers should focus on addressing other causal risks such as political risks (E2), economic risks (E1), legal risks (C1), and awareness risks (E2). These risks have a substantial negative value of   (  r i  −  s j  )   in Table 6, indicating their causative nature and the potential to influence other risks. Managers have more control over these risks, making them important targets for risk mitigation.



Policy-makers are recommended to take actions to address these risks by establishing stable rules and regulations, increasing public awareness about EPC projects, and implementing measures to control inflation rates. Additionally, EPC experts should prioritize the management of highly causal risks such as design and planning risks (P1), execution risks (P2), and technology risks (M3) in order to effectively control operation and maintenance risks (P3) and finance risks (M2). Investing in human resources training and promoting awareness, in conjunction with managing other risks, can contribute to better control of execution risks.




5.3. Ranking of Alternatives


According to Table 10, the implementation of public packaged projects (A2) is ranked highest in terms of success probability and lowest in terms of risk probability, based on the calculated risk weights and the opinions of the respondents. This indicates that these projects have a higher likelihood of success and lower overall risk compared to the other alternatives considered. The success of public packaged projects can be attributed to several factors. Firstly, these projects, which involve public buildings, hospitals, schools, and universities, typically have a higher profit margin for Energy Service Companies (ESCOs) compared to small or medium-scale projects. This profitability factor plays a role in mitigating the overall risk associated with the projects.



Furthermore, the implementation of a considerable number of similar public projects helps with reducing execution risks (P2) and operation and maintenance risks (P3). This is because the experience gained from executing multiple projects of the same nature allows for better planning and execution, resulting in a more-efficient management of risks. Additionally, the successful implementation of these public projects contributes to raising awareness among the public about the concept of energy performance, which in turn helps with better controlling social risks (E3) and finance risks (M2). Once public projects have been successfully implemented and external risks and contractual risks have been effectively controlled, it becomes more feasible to undertake projects in the industrial sector or municipalities. These projects can leverage the experience gained from the successful execution of public projects and benefit from the improved risk management practices.



In conclusion, the ranking of alternatives suggests that starting with the implementation of public packaged projects can provide a solid foundation for EPC projects, given their higher success probability and lower risk probability. This can be followed by gradually expanding into other sectors and municipalities, utilizing the knowledge and risk mitigation strategies gained from previous projects.



While public packaged projects appear to be the most-favorable alternative, it is essential to consider potential challenges and limitations that may arise during their implementation, especially in emerging markets such as Iran. One of the primary challenges in executing public packaged projects could be the complex bureaucratic processes and regulatory requirements that often accompany public-sector initiatives. Overcoming administrative hurdles and ensuring streamlined approvals can be critical to expedite project execution and maintain the anticipated success probability. Additionally, although public projects may offer higher profit margins for Energy Service Companies (ESCOs), they may also entail longer payment cycles and potential cash flow challenges. Addressing financial risks and ensuring timely payments from public entities may require careful negotiation and contractual arrangements.



To address these challenges and ensure the successful implementation of public packaged projects and subsequent expansion, several strategies and recommendations can be considered. These include: (1) engaging in proactive collaboration with relevant government authorities to streamline administrative processes and secure necessary approvals efficiently; (2) developing robust and comprehensive contractual agreements that explicitly address financial risks and ensure payment certainty; (3) leveraging the experience gained from successful public projects to continuously refine risk management practices and enhance project execution efficiency.





6. Conclusions


In conclusion, this research has highlighted the significance of analyzing risks and their relationships in the successful implementation of Energy Performance Contracting (EPC) projects in developing countries with high energy consumption. By applying a hybrid MCDM method combining the DEMATEL, ANP, and VIKOR techniques, several important findings and recommendations have been obtained. Firstly, the influential network relation map provided insights into the interdependencies among different risk dimensions and factors. External risks, particularly political risks, were identified as having the greatest direct impact on other risks. On the other hand, project lifecycle risks had a significant cause or effect relationship with other risks. This highlights the need for effective risk management strategies, particularly in relation to external risks and project lifecycle risks. Secondly, the risk priorities (weights) were calculated using the DANP method. Operation and maintenance risks emerged as the highest-priority risk factor among the EPC projects. This emphasizes the importance of focusing on effective maintenance and operation practices to ensure project success. Lastly, the most-advantageous alternatives for implementing EPC projects were ranked based on risk priorities and feedback from respondents. Public packaged projects, such as public buildings, hospitals, schools, and universities, were identified as the most-practical and -promising alternative, with the highest success probability in the early stages of market development. These projects offer higher profitability for ESCOs and contribute to raising awareness about energy performance among the public.



To enhance the success of EPC projects in emerging markets facing political and legal challenges, decision-makers should prioritize the establishment of stable and supportive laws and regulations. This can help control political and legal contractual risks, along with other risks. Implementing public packaged projects can serve as a stepping stone to effectively manage risks related to operation and maintenance, execution, social factors, and finance. Furthermore, EPC experts should pay particular attention to controlling planning and design risks, as it enables them to influence and mitigate other risks.



Overall, the findings of this research provide valuable insights and recommendations for the risk management and implementation of EPC projects in developing countries. By considering the identified risks, their relationships, and the recommended strategies, decision-makers and stakeholders can enhance the success and sustainability of EPC projects, contributing to improved energy efficiency and reduced carbon emissions.
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Appendix A


The identified risk factors and dimensions are classified as follows.





 





Table A1. Identification and classification of risks based on literature review and expert opinions.






Table A1. Identification and classification of risks based on literature review and expert opinions.










	Risks Dimensions and Factors
	Description
	References





	Project Lifecycle Risks (P)
	
	



	 Planning and Designing Risks (P1)
	Lack of accuracy in initial data (client)
	[23,38,39]



	
	Quality of data measurement (ESCOs)
	[20,40]



	
	Predictability of energy consumption pattern
	[10]



	
	Lack of consulting ESCOs
	Expert opinion



	 Execution Risks (P2)
	Lack of reliable subcontractors
	[21,41]



	
	Project time management
	[20,21]



	
	Quality of working atmosphere
	([39,41]



	
	Changes in client’s requests
	[10]



	 Operation and Maintenance Risks (P3)
	The lack of standards in O&M
	[23,43,44]



	
	The lack of awareness of O&M
	[21,50]



	
	Changing the client during O&M
	Expert opinion



	Market and Technology Risks (M)
	
	



	 Demand Risks (M1)
	Demand and competition issues
	[21,23]



	
	Lack of motivation for investment
	[23]



	
	
	Expert opinion



	 Financial Risks (M2)
	Cumbersome process of financing
	[19]



	
	Low repayment capacity of ESCOs
	[23,44]



	
	Failure to find practical finance method
	[41,46]



	
	Fluctuations in the interest rate
	[41,46]



	
	Lack of government guarantees
	[40,46,47]



	
	Inability of investors to fulfill financial obligations
	Expert opinion



	 Technology Risks (M3)
	The proper performance of installed equipment
	[19,38,48]



	
	Complexity of energy user equipment
	[43,46]



	
	Increased dependency on imports
	[47]



	
	Costliness of imported technology
	[41]



	
	
	Expert opinion



	Legal and Contractual Risks (C)
	
	



	 Legal Risks (C1)
	Unstable rules and regulations
	[41,45]



	
	Lack of supportive policies
	[2,41,45]



	
	Cumbersome local rules
	Expert opinion



	
	Delays in conceding required permits
	[48]



	 Contractual Risks (C2)
	Lack of standard local contract models
	[21,49]



	
	Lack of contracts according to M&V
	[21]



	 Credit Risks (C3)
	Lack of trust among parties
	[49,50]



	
	Possibility of non-fulfillment of obligations
	[23,49]



	External Risks (E)
	
	



	 Economic Risks (E1)
	Low energy prices
	[51,52]



	
	Exchange rate fluctuations
	[40,46]



	
	Uncertainty of energy tariffs
	[21,23]



	
	Increasing inflation rate
	[41,46]



	 Political Risks (E2)
	Change in governments’ supportive priorities
	[44]



	
	
	Expert opinion



	 Social Risks (E3)
	Lack of awareness and high expectation
	[38,53]



	
	Public opposition to increased energy prices
	Expert opinion



	
	Project neighbors’ discontent
	Expert opinion



	 Environmental Risks (E4)
	Unfavorable weather conditions
	[10,21]



	
	Worsening environmental aspects
	Expert opinion









Appendix B


The questionnaire tables were designed as follows.
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Figure A1. DEMATEL and VIKOR questionnaires. 






Figure A1. DEMATEL and VIKOR questionnaires.
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Figure 1. An outline of the research process. 






Figure 1. An outline of the research process.



[image: Buildings 13 02066 g001]







[image: Buildings 13 02066 g002] 





Figure 2. Schematic diagram of DANP with VIKOR method. 
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Figure 3. Focus group meetings inputs and outputs. 
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Figure 4. Influential Network Relation Map (INRM) among dimension risks (a) and among risk factors of P (b), M (c), C (d), and E (e). 
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Table 1. Identified alternatives for EPC projects (the left side is based on international experience, and the right side is according to expert opinions).
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Market Situation

	
Identified Alternatives

	
References

	
Expert Opinions






	
Developed Markets

	

	

	
Municipal street lighting projects (A1)




	

	
USA

	
Public projects such as universities, schools, and hospitals

	
[8,43,53]

	




	

	
Germany

	
Packaged projects in the public sector sector

	
[15,54,55]

	




	

	
Austria

	
Street lighting projects by municipalities

	
[14,56]

	
Public packaged projects (many public buildings as one project) (A2)




	
Developing Markets

	

	

	




	

	
South Korea

	
Industrial projects supported by the government

	
[8,57]

	




	

	
Turkey

	
Private residential and industrial projects with scientific support from universities

	
[58,59]

	
Private industrial with support of universities and government (A3)




	

	
Bulgaria

	
Public sector projects by municipalities

	
[8,14]

	











 





Table 2. Information of experts participating in the survey.






Table 2. Information of experts participating in the survey.





	Expert
	Education
	Years of Experience





	Academic Expert 1
	Ph.D. in Mechanical Engineering
	12 years



	Academic Expert 2
	Ph.D. in Electrical Engineering
	8 years



	Academic Expert 3
	Ph.D. in Civil Engineering
	10 years



	Government Official 1
	B.Sc. in Mechanical Engineering
	12 years



	Government Official 2
	M.Sc. in Public Policy
	7 years



	Government Official 3
	B.Sc. in Political Science
	14 years



	Government Official 4
	Ph.D. in Law
	18 years



	ESCO Expert 1
	B.Sc. in Mechanical Engineering
	9 years



	ESCO Expert 2
	B.Sc. in Electrical Engineering
	12 years



	ESCO Expert 3
	M.Sc. in Energy Management
	6 years



	ESCO Expert 4
	M.Sc. in Business Administration
	19 years










 





Table 3. Direct relationship matrix for risk factors.
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	P1
	P2
	P3
	M1
	M2
	M3
	C1
	C2
	C3
	E1
	E2
	E3
	E4





	P1
	0.000
	3.110
	3.120
	0.410
	1.744
	2.244
	0.460
	0.130
	0.244
	0.090
	0.140
	0.840
	2.680



	P2
	0.910
	0.000
	3.290
	0.919
	0.581
	1.930
	0.860
	0.780
	0.581
	0.170
	0.090
	1.820
	1.940



	P3
	0.760
	0.790
	0.000
	2.190
	1.581
	1.930
	0.980
	0.630
	0.581
	0.120
	0.140
	1.960
	0.330



	M1
	1.663
	2.419
	1.756
	0.000
	3.337
	1.930
	0.837
	0.837
	0.907
	0.140
	0.140
	1.100
	0.060



	M2
	2.326
	3.370
	2.250
	0.419
	0.000
	2.663
	0.320
	0.419
	0.837
	0.310
	0.140
	1.430
	0.110



	M3
	2.860
	3.081
	2.830
	0.907
	1.081
	0.000
	0.230
	0.370
	0.419
	0.110
	0.090
	1.100
	2.330



	C1
	1.244
	1.244
	0.860
	3.419
	2.760
	1.419
	0.000
	2.860
	0.419
	2.081
	0.140
	1.244
	0.140



	C2
	3.581
	3.419
	2.512
	2.830
	3.230
	1.093
	0.360
	0.000
	2.081
	0.419
	0.140
	1.081
	0.090



	C3
	1.581
	1.512
	2.230
	1.756
	1.244
	0.756
	1.256
	1.593
	0.000
	0.000
	0.000
	0.419
	0.000



	E1
	1.488
	3.260
	2.756
	3.690
	3.430
	2.663
	0.837
	0.419
	2.174
	0.000
	0.837
	2.512
	0.000



	E2
	0.140
	0.337
	1.093
	2.337
	3.140
	3.244
	2.686
	1.093
	0.907
	3.756
	0.000
	2.510
	0.000



	E3
	1.093
	1.244
	2.760
	2.850
	1.756
	1.093
	0.419
	0.837
	1.330
	0.907
	0.419
	0.000
	0.000



	E4
	2.460
	2.593
	2.930
	0.419
	1.256
	2.419
	0.880
	0.140
	0.140
	0.360
	0.140
	0.837
	0.000










 





Table 4. Normalized relationship matrix of risk factors.
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	P1
	P2
	P3
	M1
	M2
	M3
	C1
	C2
	C3
	E1
	E2
	E3
	E4





	P1
	0.000
	0.110
	0.110
	0.014
	0.061
	0.079
	0.016
	0.005
	0.009
	0.003
	0.005
	0.030
	0.094



	P2
	0.032
	0.000
	0.116
	0.032
	0.020
	0.068
	0.030
	0.027
	0.020
	0.006
	0.003
	0.064
	0.068



	P3
	0.027
	0.028
	0.000
	0.077
	0.056
	0.068
	0.035
	0.022
	0.020
	0.004
	0.005
	0.069
	0.012



	M1
	0.059
	0.085
	0.062
	0.000
	0.118
	0.068
	0.029
	0.029
	0.032
	0.005
	0.005
	0.039
	0.002



	M2
	0.082
	0.119
	0.079
	0.015
	0.000
	0.094
	0.011
	0.015
	0.029
	0.011
	0.005
	0.050
	0.004



	M3
	0.101
	0.109
	0.100
	0.032
	0.038
	0.000
	0.008
	0.013
	0.015
	0.004
	0.003
	0.039
	0.082



	C1
	0.044
	0.044
	0.030
	0.120
	0.097
	0.050
	0.000
	0.101
	0.015
	0.073
	0.005
	0.044
	0.005



	C2
	0.126
	0.120
	0.088
	0.100
	0.114
	0.039
	0.013
	0.000
	0.073
	0.015
	0.005
	0.038
	0.003



	C3
	0.056
	0.053
	0.079
	0.062
	0.044
	0.027
	0.044
	0.056
	0.000
	0.000
	0.000
	0.015
	0.000



	E1
	0.052
	0.115
	0.097
	0.130
	0.121
	0.094
	0.029
	0.015
	0.077
	0.000
	0.029
	0.088
	0.000



	E2
	0.005
	0.012
	0.039
	0.082
	0.111
	0.114
	0.095
	0.039
	0.032
	0.132
	0.000
	0.088
	0.000



	E3
	0.039
	0.044
	0.097
	0.100
	0.062
	0.039
	0.015
	0.029
	0.047
	0.032
	0.015
	0.000
	0.000



	E4
	0.087
	0.091
	0.103
	0.015
	0.044
	0.085
	0.031
	0.005
	0.005
	0.013
	0.005
	0.029
	0.000










 





Table 5. The total relationship matrix of risk factors and risk dimensions.
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	P
	P1
	P2
	P3
	M
	M1
	M2
	M3
	C
	C1
	C2
	C3
	E
	E1
	E2
	E3
	E4
	ri





	P
	0.115
	
	
	
	0.108
	
	
	
	0.044
	
	
	
	0.053
	
	
	
	
	0.320



	P1
	
	0.062
	0.181
	0.195
	
	0.066
	0.116
	0.146
	
	0.042
	0.03
	0.033
	
	0.017
	0.011
	0.08
	0.128
	0.438



	P2
	
	0.089
	0.073
	0.191
	
	0.086
	0.08
	0.127
	
	0.054
	0.052
	0.046
	
	0.02
	0.009
	0.107
	0.095
	0.352



	P3
	
	0.079
	0.095
	0.073
	
	0.12
	0.109
	0.12
	
	0.054
	0.045
	0.044
	
	0.017
	0.01
	0.106
	0.037
	0.247



	M
	0.161
	
	
	
	0.099
	
	
	
	0.046
	
	
	
	0.047
	
	
	
	
	0.353



	M1
	
	0.119
	0.164
	0.151
	
	0.054
	0.173
	0.135
	
	0.054
	0.056
	0.059
	
	0.019
	0.011
	0.088
	0.039
	0.362



	M2
	
	0.135
	0.188
	0.166
	
	0.067
	0.058
	0.154
	
	0.036
	0.04
	0.054
	
	0.023
	0.011
	0.098
	0.045
	0.279



	M3
	
	0.155
	0.182
	0.188
	
	0.082
	0.097
	0.072
	
	0.035
	0.037
	0.04
	
	0.017
	0.009
	0.088
	0.118
	0.252



	C
	0.159
	
	
	
	0.144
	
	
	
	0.065
	
	
	
	0.046
	
	
	
	
	0.414



	C1
	
	0.126
	0.154
	0.143
	
	0.19
	0.185
	0.136
	
	0.031
	0.13
	0.058
	
	0.089
	0.014
	0.107
	0.042
	0.22



	C2
	
	0.201
	0.225
	0.208
	
	0.166
	0.194
	0.133
	
	0.049
	0.036
	0.108
	
	0.031
	0.013
	0.105
	0.052
	0.193



	C3
	
	0.106
	0.119
	0.148
	
	0.108
	0.1
	0.083
	
	0.064
	0.079
	0.025
	
	0.012
	0.005
	0.057
	0.028
	0.168



	E
	0.16
	
	
	
	0.162
	
	
	
	0.070
	
	
	
	0.060
	
	
	
	
	0.452



	E1
	
	0.146
	0.235
	0.233
	
	0.213
	0.219
	0.199
	
	0.072
	0.06
	0.12
	
	0.024
	0.039
	0.165
	0.051
	0.279



	E2
	
	0.103
	0.141
	0.17
	
	0.179
	0.217
	0.214
	
	0.13
	0.084
	0.083
	
	0.157
	0.013
	0.165
	0.041
	0.375



	E3
	
	0.098
	0.122
	0.178
	
	0.153
	0.128
	0.107
	
	0.042
	0.057
	0.076
	
	0.045
	0.021
	0.051
	0.03
	0.147



	E4
	
	0.14
	0.163
	0.186
	
	0.067
	0.101
	0.149
	
	0.055
	0.03
	0.03
	
	0.026
	0.011
	0.079
	0.04
	0.155



	   s i   
	0.595
	0.23
	0.35
	0.46
	0.513
	0.2
	0.33
	0.36
	0.225
	0.14
	0.25
	0.19
	0.206
	0.25
	0.08
	0.46
	0.16
	










 





Table 6. Cause–effect relationships between risks and dimensions.
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	P
	P1
	P2
	P3
	M
	M1
	M2
	M3
	C
	C1
	C2
	C3
	E
	E1
	E2
	E3
	E4





	ri
	0.320
	0.440
	0.350
	0.250
	0.350
	0.360
	0.280
	0.250
	0.410
	0.220
	0.190
	0.170
	0.450
	0.280
	0.370
	0.150
	0.160



	si
	0.590
	0.230
	0.350
	0.460
	0.510
	0.200
	0.330
	0.360
	0.220
	0.140
	0.250
	0.190
	0.210
	0.250
	0.080
	0.460
	0.160



	ri+si
	0.910
	0.670
	0.700
	0.710
	0.870
	0.570
	0.610
	0.610
	0.640
	0.360
	0.440
	0.360
	0.660
	0.530
	0.460
	0.610
	0.320



	ri-si
	−0.270
	0.210
	0.000
	−0.210
	−0.160
	0.160
	−0.050
	−0.110
	0.190
	0.080
	−0.050
	−0.020
	0.250
	0.030
	0.290
	−0.310
	−0.010



	Nature
	effect
	cause
	cause
	effect
	effect
	cause
	effect
	effect
	cause
	cause
	effect
	effect
	cause
	cause
	cause
	effect
	effect










 





Table 7. Unweighted matrix for risk factors and dimensions.
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	P
	P1
	P2
	P3
	M
	M1
	M2
	M3
	C
	C1
	C2
	C3
	E
	E1
	E2
	E3
	E4





	P
	0.359
	
	
	
	0.456
	
	
	
	0.384
	
	
	
	0.354
	
	
	
	



	P1
	
	0.141
	0.252
	0.319
	
	0.275
	0.277
	0.295
	
	0.298
	0.317
	0.284
	
	0.238
	0.249
	0.245
	0.286



	P2
	
	0.414
	0.206
	0.385
	
	0.378
	0.384
	0.347
	
	0.363
	0.355
	0.32
	
	0.383
	0.342
	0.308
	0.334



	P3
	
	0.445
	0.542
	0.296
	
	0.347
	0.339
	0.358
	
	0.338
	0.328
	0.396
	
	0.379
	0.41
	0.447
	0.38



	M
	0.336
	
	
	
	0.281
	
	
	
	0.348
	
	
	
	0.359
	
	
	
	



	M1
	
	0.201
	0.293
	0.345
	
	0.149
	0.241
	0.326
	
	0.372
	0.336
	0.371
	
	0.338
	0.294
	0.395
	0.211



	M2
	
	0.354
	0.274
	0.312
	
	0.478
	0.206
	0.386
	
	0.362
	0.394
	0.343
	
	0.347
	0.355
	0.331
	0.319



	M3
	
	0.445
	0.434
	0.343
	
	0.373
	0.553
	0.287
	
	0.267
	0.27
	0.285
	
	0.315
	0.351
	0.274
	0.47



	C
	0.138
	
	
	
	0.13
	
	
	
	0.156
	
	
	
	0.155
	
	
	
	



	C1
	
	0.403
	0.356
	0.374
	
	0.318
	0.278
	0.314
	
	0.143
	0.252
	0.383
	
	0.285
	0.439
	0.241
	0.478



	C2
	
	0.281
	0.343
	0.316
	
	0.332
	0.304
	0.332
	
	0.593
	0.189
	0.47
	
	0.238
	0.282
	0.325
	0.262



	C3
	
	0.317
	0.302
	0.309
	
	0.351
	0.418
	0.354
	
	0.263
	0.56
	0.147
	
	0.477
	0.279
	0.434
	0.26



	E
	0.166
	
	
	
	0.134
	
	
	
	0.112
	
	
	
	0.132
	
	
	
	



	E1
	
	0.07
	0.086
	0.102
	
	0.122
	0.131
	0.072
	
	0.353
	0.154
	0.121
	
	0.087
	0.417
	0.306
	0.166



	E2
	
	0.046
	0.04
	0.06
	
	0.07
	0.061
	0.04
	
	0.057
	0.065
	0.049
	
	0.139
	0.034
	0.142
	0.07



	E3
	
	0.341
	0.463
	0.619
	
	0.563
	0.554
	0.38
	
	0.424
	0.521
	0.557
	
	0.592
	0.439
	0.35
	0.508



	E4
	
	0.543
	0.412
	0.219
	
	0.246
	0.254
	0.508
	
	0.166
	0.26
	0.274
	
	0.182
	0.109
	0.201
	0.256










 





Table 8. Total Weighted matrix.
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	P1
	P2
	P3
	M1
	M2
	M3
	C1
	C2
	C3
	E1
	E2
	E3
	E4





	P1
	0.051
	0.091
	0.115
	0.125
	0.126
	0.134
	0.115
	0.122
	0.109
	0.084
	0.088
	0.087
	0.101



	P2
	0.149
	0.074
	0.138
	0.172
	0.175
	0.158
	0.14
	0.136
	0.123
	0.135
	0.121
	0.109
	0.118



	P3
	0.16
	0.195
	0.106
	0.158
	0.154
	0.163
	0.13
	0.126
	0.152
	0.134
	0.145
	0.158
	0.134



	M1
	0.068
	0.098
	0.116
	0.042
	0.068
	0.092
	0.129
	0.117
	0.129
	0.121
	0.106
	0.142
	0.076



	M2
	0.119
	0.092
	0.105
	0.134
	0.058
	0.109
	0.126
	0.137
	0.12
	0.125
	0.128
	0.119
	0.115



	M3
	0.15
	0.146
	0.115
	0.105
	0.155
	0.081
	0.093
	0.094
	0.099
	0.113
	0.126
	0.099
	0.169



	C1
	0.056
	0.049
	0.052
	0.041
	0.036
	0.041
	0.022
	0.039
	0.06
	0.044
	0.068
	0.037
	0.074



	C2
	0.039
	0.047
	0.044
	0.043
	0.039
	0.043
	0.093
	0.029
	0.073
	0.037
	0.044
	0.05
	0.041



	C3
	0.044
	0.042
	0.043
	0.045
	0.054
	0.046
	0.041
	0.087
	0.023
	0.074
	0.043
	0.067
	0.04



	E1
	0.012
	0.014
	0.017
	0.016
	0.017
	0.01
	0.039
	0.017
	0.014
	0.012
	0.055
	0.041
	0.022



	E2
	0.008
	0.007
	0.01
	0.009
	0.008
	0.005
	0.006
	0.007
	0.005
	0.018
	0.004
	0.019
	0.009



	E3
	0.056
	0.077
	0.103
	0.075
	0.074
	0.051
	0.047
	0.058
	0.062
	0.078
	0.058
	0.046
	0.067



	E4
	0.09
	0.068
	0.036
	0.033
	0.034
	0.068
	0.019
	0.029
	0.031
	0.024
	0.014
	0.027
	0.034










 





Table 9. Ranking of risk factors.
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	P1
	P2
	P3
	M1
	M2
	M3
	C1
	C2
	C3
	E1
	E2
	E3
	E4





	Risks Weights
	0.106
	0.136
	0.151
	0.095
	0.108
	0.121
	0.046
	0.046
	0.048
	0.018
	0.009
	0.069
	0.047



	Ranking
	5
	2
	1
	6
	4
	3
	11
	10
	8
	12
	13
	7
	9










 





Table 10. Alternative rankings.
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Normalized Decision Matrix

	
    F *    

	
    F −    

	
Global Weight

	
Distant to Ideals




	

	
A1

	
A2

	
A3

	
A1

	
A2

	
A3






	
P1

	
0.320

	
0.300

	
0.380

	
0.380

	
0.300

	
0.110

	
0.078

	
0.106

	
0.000




	
P2

	
0.280

	
0.310

	
0.410

	
0.410

	
0.280

	
0.140

	
0.136

	
0.099

	
0.000




	
P3

	
0.360

	
0.280

	
0.350

	
0.360

	
0.280

	
0.150

	
0.000

	
0.151

	
0.018




	
M1

	
0.380

	
0.240

	
0.390

	
0.390

	
0.240

	
0.090

	
0.006

	
0.095

	
0.000




	
M2

	
0.430

	
0.210

	
0.360

	
0.430

	
0.210

	
0.110

	
0.000

	
0.108

	
0.032




	
M3

	
0.320

	
0.310

	
0.380

	
0.380

	
0.310

	
0.120

	
0.097

	
0.121

	
0.000




	
C1

	
0.290

	
0.400

	
0.310

	
0.400

	
0.290

	
0.050

	
0.046

	
0.000

	
0.039




	
C2

	
0.280

	
0.430

	
0.290

	
0.430

	
0.280

	
0.050

	
0.046

	
0.000

	
0.046




	
C3

	
0.360

	
0.300

	
0.340

	
0.360

	
0.300

	
0.050

	
0.000

	
0.048

	
0.011




	
E1

	
0.400

	
0.210

	
0.380

	
0.400

	
0.210

	
0.020

	
0.000

	
0.018

	
0.002




	
E2

	
0.330

	
0.360

	
0.310

	
0.360

	
0.310

	
0.010

	
0.006

	
0.000

	
0.009




	
E3

	
0.440

	
0.250

	
0.310

	
0.440

	
0.250

	
0.070

	
0.000

	
0.069

	
0.048




	
E4

	
0.300

	
0.330

	
0.380

	
0.380

	
0.300

	
0.050

	
0.047

	
0.028

	
0.000




	

	

	

	

	

	

	
S

	
0.46

	
0.84

	
0.20




	

	

	

	

	

	

	
Q

	
0.14

	
0.15

	
0.05




	

	

	

	

	

	

	
R

	
0.63

	
1.00

	
0.00




	

	

	

	

	

	

	
Ranking

	
2

	
1

	
3











 





Table 11. Comparison of current results with previous findings.






Table 11. Comparison of current results with previous findings.





	Studies
	Market
	Risk Analysis Method
	Most-Important Risk
	Suggested Alternatives





	Garbuzova-Schlifter et al. [23]
	Russia
	AHP
	Financial and regulatory risks
	No



	Wang et al. [21] 
	China
	Fuzzy MCDM
	Market risks
	No



	This study
	Iran
	DANP
	O&M risks
	Yes
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