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Abstract:



Oil and gas construction projects are complex and risky because of their dynamic environment. Furthermore, rising global energy demand has increased the need for trustworthy risk assessment models for such projects that can provide adequate and precise policy planning. Traditional risk assessments in oil and gas construction projects do not consider the interrelationships of factors in the best-fit models. The Decision Making Trial and Evaluation Laboratory (DEMATEL) and Analytic Network Processes (ANP), called the DEMATEL-ANP approach, have been applied to other research disciplines to address this shortcoming. This method is able to construct a structural relationship among the different influence factors to visualize complex correlations. Thus, the purpose of this study is to showcase the DEMTAL-ANP risk assessment model to assess the overall risk factors of OGC projects. This study thus identifies the crucial risk criteria of such projects. Data were collected in 2016 through interviews with experts active in OGC projects in Iran. DEMATEL in this situation is used to determine the interdependencies’ relative strengths among the risks. The ANP method is applied to assess the relative importance of the risk factors and to determine the best strategy for implementation of a risk management program. The results presented in this study are a novel adaptation of the risk assessment methodology to OGC projects that determines the important risk factors that directly affect the project success, which in turn helps in formulation of policies for ensuring reliable energy supply planning.
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1. Introduction


Energy demand is rising, and it is anticipated that worldwide investment in energy-related projects will reach $38 trillion through 2035 [1,2]. In the discussions of sustainable development, energy is one of the key factors that must be considered [3,4,5]. OGC projects are composed of high levels of risk because of intensive investment, numerous stockholders, complex technology, and unique nature [6,7]. These risks can be economic, political, social, and technical in nature, as well as related to the natural environment and natural disasters [8,9]. Recognizing the risk related to energy is not only a construction market need, but also it is important to the upstream as well as downstream oil and gas industry sub-sectors [10]. Construction projects play a key role in the sustainable oil and gas supply chain and processing [11,12]. Due to this importance, governments of developing countries are under pressure to ensure that projects will be finished on time with least amount of risk and uncertainty [13]. A proper risk management strategy leads to lower costs and increases competitiveness in the energy market [14]. Therefore, it’s necessary to identify and assess the major risks faced by OGC projects, in order to help companies that plan or work in such projects develop plans to ensure sustainable energy supply chains. Furthermore, recognizing, highlighting and analyzing the important risk factors associated with OGC companies can assist in proper planning, successful implementation of risk management and appropriate responses to eliminate, transfer or control the corresponding risks.



The construction industry is widely associated with a high degree of risk because of its nature, process, activities, technological complexity, organization and environment [15,16]. ISO 31000 has introduced risk as “an effect of uncertainty on objectives” and risk factor has been defined as a fact or situation that increases the possibility of risk, according to Cambridge Dictionary. Factors that increase this risk are a growing number of stakeholders, long duration of a project and interface with a reaction between external and internal environment [17]. Engagement with various participants, such as designers, owners, suppliers, contractors and subcontractors are an additional reason for a high volume of fundamental risks [18,19]. In the body of knowledge of project risk management, there are a number of orderly and official methods for identifying, assessing, classifying, responding and managing risks during the life cycle of a project [20,21]. It is a dynamic process that tends to decrease the probability and effect of negative events and promote the probability and effect of positive events [22] to attain an optimal grade of risk elimination, control, and mitigation [21]. Project risk may have a negative or positive impact on at least one of the project objectives, for example, cost, time, quality, etc. [19,23]. All construction projects contain risk that can be minimized, managed, transferred, accepted or ignored [24,25]. It is impossible to remove all project risks. Therefore, successful projects are those that identify risks at an early stage and efficiently assess and manage them [15,26]. On the other hand, a lack of adequate attention and assessment of risk in a construction project is the cause of cost overruns, poor performance, and delay [23,27]. Unfortunately, construction projects are not as advanced at analyzing and assessing risks compared with many other industries [28,29]. Lack of a risk management methodology during OGC projects not only can lead to delays and cost overruns but also can be critical for pricing energy policies [13]. Thus, there is a need for identifying the most important group risks and related risk factors because of the effect on construction decision making. Therefore, to increase the chance of success and decrease possible risk in a construction project, the major group risks and uncertain factors should be recognized, classified, assessed and monitored.



Recently, several studies have applied Multi-Criteria Decision Making (MCDM) techniques, such as TOPSIS, AHP, ANP, and DEA, for risk assessment of construction projects [19,30,31,32]. MCDM has been applied in oil and gas upstream and downstream industry as well [3,33]. These techniques are very useful, especially for dealing with complex problems, complex systems, unclear variables and limited information [23,34].



Traditional risk assessment in OGC projects has not considered the interrelationship of factors in the best-fit models [7,35,36]. The Decision Making Trial and Evaluation Laboratory (DEMATEL) and Analytic Network Processes (ANP), called the DEMATEL-ANP approach, have been applied to other research disciplines to address this shortcoming [37,38]. According to Fazli et al. [37], the combination of DEMATEL and ANP is the best risk mitigation strategy due to the fact that DEMATEL is able to visualize the complex interrelationships among criteria. ANP assesses the dependencies and feedbacks among factors to select the relative weights of the risk factors. DEMATEL-ANP is thus an effective method that helps managers to select the best strategies to respond to the overall risks effectively.



The objective of this paper is to determine the key risk groups and risk factors and propose a risk assessment framework to evaluate the overall risks in OGC projects. To find an influence strategy to respond to potential risks within OGC projects, it is necessary to analyze interdependencies among risks and identify the most important that influence risks. The integrated hybrid methodology of the DEMATEL and ANP approaches was employed to determine the interdependency of the risks and the importance of each risk factor. The final model is also simulating the impact of different possible risks in organization and their performance in OGC projects.



DEMATEL is a complete method for constructing a structural model to solve the complex interrelationships by describing cause and effect groups or factors. The DEMATEL technique is according to diagraphs which can divide influence criteria into cause and effect groups. Based on the results obtained from DEMATEL method, the ANP model can be constructed. In fact, DEMATEL solves the problem of unrealistic interdependencies of ANP that were determined in the first step of the said method. ANP method has been made to manage uncertain human judgments [39]. The DEMATEL-ANP approach has been employed in order to promote the abilities of the ANP method for managing inconsistent and uncertain judgments of decision makers in risk group prioritization and relative risk factor weights within OGC projects.



The rest of this paper is organized as the following. In Section 2, related literature gap and the contribution of this study towards risk assessment in OGC projects are presented. Subsequently, Section 3 describes the risk management process including the most important risk groups and risk factors as well as the fuzzy risk assessment process. In addition, both DEMATEL and ANP are introduced. Next, in Section 4, a hierarchical structure of project risk factors for OGC projects is proposed. The said section also entails DEMATEL-ANP calculation outcomes and the results of this research. Finally, Section 6 concludes the study.




2. Problem Statement and Our Contributions


This paper investigates the significant risk groups and associated risk factors in order to propose a risk assessment methodology for OGC projects. The questions that have been investigated in this research are: (1) What are the current practices of risk management in construction projects? (2) What are the important risk groups and risk factors that influence the implementation of risk management in OGC projects? (3) What would be the result of applying the DEMATEL-ANP method to construction risk assessment of oil and gas projects?



We can divide the significance of this study into two sections: First, construction risk related to oil and gas companies has not been thoroughly studied. According to Haghnevis and Sajedi [40], despite various studies and proposed methodologies and models for managing risk, a specific methodology or model with concentrations on a single industry and its unique applications still had not been developed The same observation also is well understood by research reported by Gilbert et al. [41]. Also, previous studies on risk management within OGC projects, concentrated more on risk identification rather than proposing new risk assessment methodologies [7,35]. In this regard, there is a lack of development of a methodology for the particular assessment of risks for OGC projects. Furthermore, based on Kuo and Lu [32], it is necessary to study more creative risk assessment results further. Therefore, the purpose of this study is to propose a novel methodology for risk assessment that is suitable for OGC projects.



Secondly, this paper investigates the significant level of interdependency between critical risk factors necessary for developing an implementation plan for risk management in OGC projects. DEMATEL-ANP has been applied to assess and predict the level of importance for determined risk factors to develop a risk management implementation plan in OGC projects. In this respect, DEMATEL is used to construct the interrelations among the risk factors in the integrated model. This method tests the relative strength between risk factors. Also, the ANP technique, which is used for defining the relative importance of risk factors, is presented. This method is used for weighting and prioritizing critical risk factors in OGC projects.




3. Risk Management


Risk management is one of the most important parts of decision making because risk has serious effects on quality, productivity, performance and budget [42,43]. Construction projects are exposed to high levels of risk and uncertainty because of their dynamic and complex nature [44,45]. Project success is threatened by risks, and ignoring risk has been shown to be a source of time and cost overruns in construction projects [42]. Risk management is a significant part of project management because it involves predicting the occurrence of events that have a negative effect on the project objective and defining proper actions to minimize the impact of these events [46,47].



Several studies have defined risk management, but the conclusion of these studies is mostly to minimize the risk impact and maximize the opportunities [48,49,50]. Risk management is a policy that can be described as a plan or principle to make decisions to obtain the desired consequences [8,51]. The ISO 31000:2009 standard recommends a risk management framework that uses policies, practices, and procedures throughout the organization. Risk management is a method that functions to identify, classify and quantify all risks related to a project or business so that an informed decision can be made for managing the risks [15]. Risk management is an effective method that not only can help identify different types of risks but also assist in managing these risks in the construction project life cycle [19,21].



It is proven that risk management is necessary for successful projects, and the whole method is employed in various sectors of construction projects to assure the quality of the product in these areas [5,32]. There is a strong connection between the level of project success and focus on risk management [52]. Hence, implementation of risk management has been identified as critical for construction projects to increase their performance and ensure achievement of project objectives [30,53].



The success of risk management requires a wide assessment of risk management processes [32]. In the said field, numerous studies that have suggested various processes for risk management. A formal process of risk management can be divided into several categories, i.e., risk identification and classification, risk assessment, and risk response [54,55,56]. PMI [57] classified risk management process into six stages, namely (1) risk management planning; (2) risk identification; (3) qualitative risk analysis; (4) quantitative risk analysis; (5) risk response planning; and (6) risk monitoring and control. On the other hand, Althaus et al. [58] categorized six main steps, which included (1) identification of key issues, which could be problems in the future; (2) generating creative analysis; (3) presentation of new methods, which are similar to developing a policy instrument, coordination and consultancy; (4) decision making; (5) operation; and (6) evaluation of policy efficiency.



Consequently, risk management can be summarized as a group of processes that involve recognizing, assessing and ranking risks by managerial resource, monitoring and controlling with organized and economic effort, which would subsequently help to reduce the impact of undesired events that could affect the success of a project [59]. In addition, an effective risk management process requires a project manager to be involved in certain tasks and responsibilities such as promoting confidence to deliver project objectives, providing a series of favorable alternative actions, developing chance of success, reducing undesired events and uncertainties, improving actual estimating, and reducing rework through promoting team awareness about risk [60].



This section is focused on several issues. Firstly, it reports the classification and identification of the most important group of risks as well as risk factors in an OGC project. Secondly, related works for risk management are discussed. Thirdly, the concepts of Analytical Network Process (ANP) approach as well as Decision Making Trial and Evaluation Laboratory (DEMATEL) are introduced. Figure 1 presents an overview of a risk assessment process, which is also a hybrid proposed model using both ANP and DEMATEL. As shown in Figure 1, the model consists of three main steps, which include risk identification and classification, risk assessment based on both ANP and DEMATEL, and determining the most important group of risks and risk factors.


Figure 1. DEMATEL-ANP risk assessment framework.
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3.1. Classification and Identification of Risks


Risk identification means the method of formulating those risks that may impact project objectives and recording their characteristics [34]. PMBok [61] has defined risk classification as a structure that ensures the effectiveness and quality of the risk identification process into a reliable level. Risk classification and identification is a significant part of risk management because several risks occur in construction projects [62]. The goal of risk identification is to prepare a list of probable risks that should be managed during a project [57]. The risk factors that are present or anticipated should be identified both for their likelihood and impact on project objectives [63]. Risk identification and classification enables the user to enhance the transparency of the analysis [64,65]. The lack of identification and classification of risks according to their sources, determination of the possibility of an occurrence and the effect on construction objectives are the main problems of implementing risk management and risk analysis [45,66]. It is necessary for construction projects to identify and deal with uncertain risks (some risks are not uncertain, as they can be easily identified before starting a project, for instance, weather conditions). Evaluating their impact on the project objectives helps with planning and managing each potential source of risk [67]. It is impossible to identify all risks in a project [15]. Identification of all risks is time consuming and not productive; therefore, it is important to highlight the most critical risks in construction projects [62].



Construction risks can be classified and identified using different techniques and methods. Several researchers classify risk according to the source and origin of the risk [15,19,49,68,69] or type of risk [70]. In addition, some studies have categorized risk into internal and external groups based on the source of the risk [62,71,72]. The difference between internal and external risk is that internal risks are risks that are under the control of the project management team, while external risks are outside the control of the team [73]. Brainstorming, interviews, checklists, benchmarking, questionnaires, Delphi technique, experts’ evaluation, and past experience are the most frequent methods used for qualitative risk factor identification in management studies [46,66,74,75]. According to PMI [57], the best method is the one that the project team is most familiar with and most obtained from the project objectives.



Risk identification and classification has been performed in many fundamental studies for construction projects. The outcome of these studies is the classification of numerous risks that impact construction project objectives. Flanagan and Norman [55], and Perry and Hayes [76] classified eight major risks: design, material, planning, weather, subcontractors’ manpower, subcontractor co-ordination, skill and techniques and poor workmanship. Abdou [77] grouped risks into three subclasses, which are financial, time and design. In a study by Kalayjian [78] about hidden risk frequently encountered in third world construction projects, he introduced four groups of risks that are common in global construction projects: political, financial, weather and design. Tah and Carr [79] divided project risk into internal and external risks using the hierarchical risk breakdown structure (HRBS). Chapman [49] recognized and categorized 58 risks into four groups: project, environment, industry and client. Shen et al. [80] presented 58 risk factors of construction joint ventures in China and classified them into six main groups based on the nature of the risk: legal, policy and political, legal, financial, management and technical. Kartam and Kartam [70] proposed 26 types of risks associated with construction companies in Kuwait. Lam et al. [81] presented 16 risk factors related to construction projects in terms of contractor capability, contractual and legal, political and societal, economic and physical. Zou et al. [15] introduced 85 risk factors for construction in China that were prioritized according to their effects on distinctive project objectives in terms of time, quality, environment, cost and safety. At the same time, Tang et al. [82] in their research for the construction industry in China presented 32 risk factors in five groups: quality, design, safety, financial and facility. Karim et al. [83], in their research about contractor’s perceptions of significant risks in construction projects in Malaysia, classified 25 risks in five categories such as construction, political, design, financial and environment. Tadayon et al. [84] found 11 types of risks for construction projects in Iran: financial, construction, product, political, environment, technological, geographical, geotechnical, communication, legal and social.



In a recent study, Kuo and Lu [32] investigated the relative impact of 20 risk factors on the performance of metropolitan construction projects. These risks were divided into five categories: design, construction management, social and economy, safety and natural hazard. Taylan et al. [19] assessed a construction project in Saudi Arabia and its overall risk for an uncertain and incomplete situation. They evaluated 30 risk factors and classified them into five main categories: cost, time, quality, environment sustainability and safety. Sixteen risk factors were introduced and recognized as critical risk factors. El et al. [85] evaluated the risk factors that affect time and cost contingency in construction projects in Egypt. They divided 70 risk factors into four criteria and thirteen sub criteria. The first criterion is the site condition, which has three sub criteria, which are environmental, sub-surface and site location. The second criterion is project parties, which is divided into labor, equipment and material. The third and fourth criteria are project parties and project features, respectively, which have the sub criteria of owner, engineering design, contractor, project management, financial, political and schedule. Dziadosz and Rejment [66] presented eight risk factors in the three groups of time, budget and design to compare three different methods of risk analysis in construction projects. Baghdadi and Kishk [72] classified 54 risk factors for an airport construction project into three levels: internal, external and force majeure.



Risk management related to OGC projects has not been thoroughly studied. There are just a few studies that have focused on risk management in this sector of construction projects. Thuyet et al. [7] assessed 59 major risk factors related to OGC projects in Vietnam. Ten of these risks factors are identified as the most critical factors. Mubin and Mubin [86] identified 40 risk factors for pipeline construction projects in Pakistan and classified them into eight groups: political, economic, organization, investment, technological, security, natural disaster and ecological risk. In other research by Mubin and Mannan [36], they investigated the risk factors related to engineering, procurement and construction (EPC) contracts for oil and gas projects. They identified 168 risk factors and classified them into seven groups: financial, human, quality, procurement and contractual, project management, proposal and engineering. El-Shehaby et al. [35] evaluated the risk factors related to construction of off-shore oil and gas projects. Fifty-nine risk factors were identified in this research and the top nine risks were recognized as critical risks. Table 1 presents a taxonomy of classification and identification of risk in construction used in this study.



Table 1. Taxonomy of classification and identification of risk in construction.







	
Project Type

	
Risk Classification

	
Author

	
Number of Risk Factors

	
Risk Factor Identification Techniques






	
Construction Joint Venture

	
1. Legal

2. Political

3. Management



	
4. Financial

5. Technical

6. Market

	
Shen et al. [80]

	
58 risks

	
Past experience

Interview

Questionnaire survey




	
Construction Design Management

	
1. Environment

2. Industry

	
3. Project

4. Client

	
Chapman [49]

	
58 risks

	
Interview

Brain storming

Delphi




	
Third World Construction Project

	
1. Political

2. Financial

	
3. Weather

4. Design

	
Kalayjian [78]

	
Not specified

	
Interview




	
General Construction Project

	
1. Economic related

2. Political-related

3. Design Related

4. Level of cooperation

5. Construction related

6. Estimator related

7. Fraudulent practices related

	
Baloi and Price [68]

	
36 risks

	
Literature review




	
General Construction Project

	
1. Contractor capability

2. Contractual and legal

3. Economic

4. Physical

5. Political and societal

	
Lam et al. [81]

	
16 risks

	
Literature review

Consulting experts

Interview

Questionnaire




	
General Construction Project

	
1. Time

2. Cost

3. Quality

	
4. Safety

5. Environment

	
Zou et al. [15]

	
85 risks

	
Literature review

Consulting experts

Interview

Questionnaire




	
Metropolitan Construction Project

	
1. Design

2. Construction management

3. Social and economy

4. Safety

5. Natural hazard

	
Kuo and Lu [32]

	
20 risks

	
Literature review

Consulting experts

Interview




	
General Construction Project

	
1. Cost

2. Time

3.Quality

	
4. Environment and Sustainability

5. and Safety

	
Taylan et al. [19]

	
30 risks

	
Consultant experts

Interview

Questionnaire




	
General Construction Project

	
1. Socio-cultural

2. Economic

3. Politic

	
4. Industry

5. Project

	
Aydogan and Koksal [87]

	
19 risks

	
Literature review

Consulting experts

Interview

Questionnaire




	
General Construction Project

	
1. Project Features

2. Project Parties

	
3. Site Condition

4. Resource

	
El et al. [85]

	
70 risks

	
Literature review

Consulting experts

Questionnaire




	
General Construction Project

	
1. Construction,

2. Political,

3. Design,

	
4. Financial

5. Environment

	
Karim et al. [83]

	
25 risks

	
Literature review

questioner




	
OGC Project

	
Not specified

	
Thuyet et al. [7]

	
59 risks

	
Checklist

Brainstorming

Literature review

Consulting experts




	
Gas Pipeline Construction Project

	
1. Political,

2. Economic,

3. Organization,

4. Investment,

	
5. Technological,

6. Security,

7. Natural Disaster,

8. Ecological

	
Mubin and Mubin [86]

	
40 risks

	
Information collection

Documentation review

Assumption analysis

Checklist analysis

Diagramming techniques




	
OGC Project

	
Not specified

	
El-Shehaby et al. [35]

	
59 risks

	
Documentation reviews

Information gathering

Checklist analysis

Assumptions analysis

Diagramming techniques

Risk Register











3.2. Risk Assessment Related Work


Risk assessment is defined as the “procedure of prioritizing risks for further analysis by assessing and combining, generally, their probability of occurrence and impact” [34]. Risk assessment and analysis are significant parts of the risk management procedure. There is a direct connection between successful risk management and effective risk assessment because the assessment results must be employed in the risk management plan [68]. Risk assessment is a technique for recognizing the sources of risk, identifying probable risk factors and computing the potential impact of risk factors on project success [88,89]. Therefore, employing effective risk assessment techniques in managing potential risks associated with construction variables is very important for the successful delivery of the project objectives [15].



Of late, many risk management techniques have been established based on linguistic assessments, which is contrary to numerical values. The fuzzy sets theory [90] is appropriate for dealing with data, which are imprecise and have linguistic terms such as uncertainty, high risk, or serious impact [30]. As argued by Nieto-Morote and Ruz-Vila [34], the said expressions may not present any meaning or context, but the fuzzy sets theory is able to put meaning into them when they are defined by mathematical logs.



Several studies used Multi-Criteria Decision Making (MCDM) techniques such as TOPSIS, AHP, and ANP for risk management assessments. Carr and Tah [91] used a fuzzy approach in a construction project to identify the relationship between the risk source and the effects on the project performance measures. The implementation of fuzzy logic helped the risk management by using an expressive linguistic variable to describe the risk and its consequence. Also, a prototype risk management model was developed using fuzzy logic to support the risk management framework that was presented by them. The results showed that risk management improved the understanding of those involved in the process. Furthermore, risk handling and project performance were improved. Zeng et al. [30] presented a new methodology using fuzzy AHP for risk analysis in construction projects to deal with associated risks in complicated situations. In addition, an analytical hierarchy process was modified to prioritize and structure the driving risk factors. The results demonstrated that the fuzzy technique is a reasonable application for efficiently and effectively assessing risk in construction projects. Dikmen and Birgonul [92] proposed a methodology for rating cost overrun risks using a fuzzy risk assessment for international construction projects. Their suggested methodology applied a fuzzy risk rating method with an effective diagramming process for risk identification. The effective diagram easily modeled the influence risk factors and interactions among these risk factors. Nieto-Morote and Ruz-Vila [34] proposed a methodology for risk management in construction projects based on fuzzy set theory and the AHP approach to model a large number of risks. Additionally, they developed a hierarchical weighting method to assess the weight of risks using pairwise comparisons for the sake of handling problems with a large number of risks in the methodology. Kuo and Lu [32] assessed risks for a metropolitan construction project by employing the Fuzzy Multiple Criteria Decision Making (FMCDM) approach. They employed Consistent Fuzzy Preference Relations (CFPR) to investigate and measure the relative impact of risk groups and related risk factors on project performance. Moreover, the CFPR were used to analyze the probability of occurrence and evaluate the level of risk for the overall project. Taylan et al. [19] employed the integration of fuzzy TOPSIS and fuzzy AHP methodology, which is called a hybrid application. They used hybrid fuzzy TOPSIS and fuzzy AHP model for assessing the whole risks of construction projects, which are vague, imprecise and uncertain. The fuzzy TOPSIS method was used for group decision making, and fuzzy TOPSIS was applied to assess the weight of fuzzy linguistic variables for all the construction project risk factors.



Aydogan and Koksal [87] prioritized the risks of international construction projects using the analytical network process (ANP). The ANP was selected because they recognized it was the most appropriate tool in constructing the framework of international construction risk factors and analyzing the priorities of these risk factors on partner selection because it allowed interdependent relationships in a multi-criteria decision model. Chemweno et al. [93] proposed a new methodology for choosing the suitable risk assessment method for the maintenance decision-making field. They integrated the analytical network process into the methodology for prioritizing and accounting for the opinions and judgments of industrial and academic experts. Fazli and Mavi [37] proposed a decision network framework for risk assessment in crude oil supply chains that incorporated DEMATEL and ANP. DEMATEL analyzed the interdependency among the risk factors and ANP ranked the risk factors and evaluated the importance of each risk factor.



The recent studies carried out on oil and gas projects do not cover all the keywords of this study such as risk assessment, oil and gas, construction projects within a unit study. For example, the study by Wood [94] focused only on understanding of project performance for oil and gas industry especially for those projects associated with major time-cost-quality uncertainties. This study did not consider identification of risks within the projects and their effects on project objectives such as time-cost-quality. A study by Meidell and Kaarbøe [95] about enterprise risk management (ERM) within an oil and gas company setting, focused on the influence of ERM on decision making in an organization. In that study, the risks associated with construction projects had not been considered. Also, the other studies that have concentrated on OGC projects, such as that by Salazar-Aramayo et al. [96], have not introduced risks or proposed risk assessment methodology to evaluate the overall risks in OGC projects.



According to the existing literature review and to the authors’ best knowledge, despite the numerous studies related to risk assessment with the application of Multi-Criteria Decision Making (MCDM) techniques such as fuzzy AHP, fuzzy TOPSIS and fuzzy ANP, a synthesized risk assessment using DEMATEL-ANP has not yet been established in construction projects. While a few studies have been carried out in the field of construction projects with the same methods, those studies were not within the scope of risk assessment. Therefore, the aim of this study was to use a hybrid tool process while incorporating both the DEMATEL and ANP techniques to achieve a novel risk assessment methodology in the area of construction projects. DEMATEL was applied to expose the relationship between the dimensions and variables as well as to discover the interdependency and feedback between them. In this study, dimension was source of risks (risk group) and variables were risk factors. Conversely, ANP was used to determine the dependency and feedback between the variables in addition to deciding the weight of the dimension and variables.




3.3. DEMATEL


The DEMATEL method was created by the Geneva Research Center based on expert knowledge to analyze various factors that affect a system and expose both strength and influence among the factors in addition to converting them into a structural model [97]. This is crucial as it is important and helpful to understand better and solve the cause-and-effect relationship between the factors [38,98]. According to Uygun et al. [39], the DEMATEL concept is adapted in different academic fields, and it has been proven as an effective tool to solve difficult and complicated problems.



The six procedures that are involved in the DEMATEL methodology are described as the following.



Step 1: Calculating the average direct-relation matrix. Firstly, a number of experts are requested to form pairwise comparisons according to the direct influence between the criteria. An influence scale of 0 (no influence), 1 (low influence), 2 (medium influence), 3 (high influence), and 4 (very high influence) is used for comparison. If there are K respondent experts with n factors, the results formed for each expert in direct relation of a [image: there is no content] matrix, which donated both [image: there is no content] and [image: there is no content], is the influential level of criterion [image: there is no content] to criterion [image: there is no content]. The main diagonal of the matrix is zero because in DEMATEL, the self-influence of criteria is not assessed.


[image: there is no content]











To incorporate all respondent options to achieve a direct relation matrix of Z = [[image: there is no content]], the average of each respondent’s scores is calculated using Equation (1).


[image: there is no content]



(1)







Step 2: Normalizing the average matrix. The normalizing of matrix M presents the relative intensities of the direct relations. This can be obtained from Equations (2) and (3).


[image: there is no content]



(2)






[image: there is no content]



(3)







Step 3: Calculating the total relation matrix. The said matrix shows all the relationships among all factors including both indirect and direct. The total-relation matrix, T, can be calculated using Equation (4), where I is the identity matrix.


[image: there is no content]



(4)







Step 4: Computing the levels of influence and effect. Vectors [image: there is no content] and [image: there is no content] represent the sum of columns and rows of matrix T respectively, which are shown in Equations (5) and (6). Indeed, both [image: there is no content] and [image: there is no content] indicate the rate of both direct and indirect effect and influence between the elements in a system.


[image: there is no content]



(5)






[image: there is no content]



(6)







Step 5: Calculating the influence and relation vectors. The value of [image: there is no content] defines the power effect vector, which is a vertical vector. A positive value of [image: there is no content] indicates that the factor is causal, while a negative value signifies that the factor is effect. In contrast to the value of [image: there is no content], the value of [image: there is no content] shows that the relation vector is a horizontal vector, in which it indicates the level of importance between each indication with others. A greater level of [image: there is no content] for any factor represents higher interrelationships with other factors.



Step 6: Obtaining the causal diagram, Network Relation Map (NRM). The causal diagram can be attained by depicting all dataset of the ([image: there is no content]), where the vertical axis is [image: there is no content] and the horizontal axis is [image: there is no content]. The NRM is a proper diagram, which presents a valuable insight for decision making. NRM can be obtained by defining a threshold value based on the opinions of experts. It also constructs a structural relationship between the different influence factors to visualize complex correlation. For the given reason, negligible relationships should be filtered out from the total-relation matrix T. However, only relationships that are greater than the defined value should be shown in the graph.




3.4. Analytic Network Process (ANP)


The ANP is one of the MCDM techniques that is utilized to overcome a limitation of a hierarchical structure [99,100]. The ANP is an extension of the analytic hierarchy process (AHP) that was developed by Saaty [101] as a useful tool for settling complex decision making problems. Unlike the AHP, which is structured in a unidirectional hierarchical relationship among the criteria in a decision level, the ANP uses a network system between elements in each decision level. Therefore, ANP is an improved version of AHP to resolve problems with dependencies among criteria in a system that is divided into different decision clusters with each cluster containing several criteria [101]. In ANP, the network connections between clusters and criteria express dependencies that can be inner or outer dependencies. Dependencies between elements in one cluster are represented as inner dependencies, however, dependencies among criteria in the same cluster and those in a dissimilar cluster are represented as outer dependencies [93]. The ANP model allows a complex relationship between criteria, but it cannot construct a hierarchical structure for decision problems that involve dependencies and interactions of higher-level elements on lower-level elements [37].



Next, the steps related to the ANP method are described. The said technique is comprised of four steps.



Step 1: Conducting the pairwise comparison. This can be done by using pairwise comparison questionnaire between the interactions of the elements. The said questionnaire involves a nine-point scale, which ranges from equal importance to extreme importance. The valid importance of each series of comparison between the elements are determined by experts.



Step 2: Forming the supermatrix. In this second step, the outcomes obtained from the previous step are used to construct an unweighted supermatrix, which includes priorities that are derived from the different pairwise comparisons. A supermatrix can be described in a general form as shown in Equation (7):


 [image: Sustainability 09 01420 i001]
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where [image: there is no content] represents the mth cluster [98], [image: there is no content] indicates the [image: there is no content]th element in the [image: there is no content]th cluster [102], and [image: there is no content] is the principle eigenvector of the influence of the elements, which are compared between the [image: there is no content]th and [image: there is no content]th clusters [37].



Step 3: Attaining the weighted supermatrix. Firstly, the matrix should be normalized by the sum to the unity of each column. This is due to the fact that clusters are usually interdependent in a network while elements in the columns are separated by the number of clusters. Thus, the normalizing method represents that clusters have equal weight. Subsequently, the unweighted supermatrix is multiplied with the corresponding cluster priority to attain the weighted supermatrix.



Step 4: Limiting the supermatrix. In this final step, the weighted supermatrix is raised to sufficiently power [image: there is no content] using Equation (8) until it is stable enough to obtain overall priorities or donated ANP weight.


[image: there is no content]
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4. Empirical Study


4.1. Hierarchical Structure of Risk Factors


According to the literature review in the previous section, the sources of project risk in construction projects have been explored. Common classifications of risk groups, risk factors and risk identification techniques for construction projects are presented in Table 1. The possible risk factors that affect OGC projects were accurately selected, evaluated and classified based on interviews with several experts and the literature review. Several experts verified the context of probable risk factors for OGC projects. Risk factors can be classified into six main groups: financial, policy and political, weather and environment, design and construction, contractual and technical. These risk factors were classified based on experts’ view points, and according to the Source that affects them. For example, they believed that “design changes in different stages” mostly are related to technical problems. The ultimate hierarchical structure of probable risks for OGC projects is presented in Figure 2. In this section, we evaluate the proposed risk analysis and assessment process based on DEMATEL and ANP for the overall project risk evaluation applied to OGC projects. The simulation results help decision making procedure by prioritizing the important risk factors in OGC, and also aid to mitigate and adopt the consecutive impact of risk factors to the project.


Figure 2. Hierarchical structure of risk factors for OGC projects.
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4.2. Data Collection


According to Hu et al. [103], the number of questionnaires for DEMATEL techniques should be between three and nine respondents. Also, there is not a general rule for the number of responses necessary in MCDM techniques such as ANP, but it is technically valid that MCDM does not require a large sample. The MCDM techniques such as ANP are not statistically-based [104] decision making approaches. Recently, many studies have applied MCDM techniques such as AHP, ANP and DEMATEL or a combination of these techniques to small sample sizes [32,98,105,106]. Thus, a sample size of nine respondents would be adequate for date collection and analysis. A sample of the respondent profiles is presented in Table 2. As seen in Table 2, most of the respondents are in top-level positions and have more than ten years of experience in OGC projects. The questionnaire was used to collect responses from experts, which included consultants, project managers, contractors, technicians, and employees attached to planning and programming departments.



Table 2. Profile of experts surveyed in the study.







	
Years of Experience in Construction

	
Job Position






	
Description

	
Under 10 years

	
Above 10 and under 20

	
Above 20

	
Consultant

	
Project manager

	
Site manager

	
Head of technical department

	
Contractor

	
Head of Programming and planning department




	
Number

	
2

	
3

	
4

	
2

	
2

	
1

	
2

	
1

	
1




	
Percentage

	
22%

	
33%

	
45%

	
22%

	
22%

	
11%

	
22%

	
11%

	
11%











4.3. DEMATEL Analysis


In the first step, nine experts in the field of OGC projects were asked to indicate the level of direct influence between criteria that are defined in Section 4.1, using a range of 0 to 4. To analyze the interrelationships among the six dimensions (risk groups), DEMATEL is used to calculate the causal impact of each risk management dimension in an OGC project. First, a direct-relation matrix is developed using pairwise comparisons of individual expert’s opinions in terms of direction and influence between factors. The average direct relation matrix is developed using Equation (1) to combine all ratings of the experts. Then, the total relation matrix, which represents the total influence between factors, is calculated based on the normalized direct influence matrix using Equations (2)–(4), as shown in Table 3.



Table 3. Total relation matrix based on DEMATEL survey of experts in OGC.







	
Dimension

	
Technical

	
Financial

	
Environmental

	
Design and Construction

	
Contractual

	
Policy and Political






	
Technical

	
1.5279

	
1.7903

	
1.1076

	
1.6530

	
1.6450

	
1.4070




	
Financial

	
1.7883

	
1.6852

	
1.1732

	
1.7056

	
1.7229

	
1.4976




	
Environmental

	
1.5211

	
1.5679

	
0.9069

	
1.4660

	
1.4738

	
1.2480




	
Design and construction

	
1.6108

	
1.6778

	
1.0392

	
1.3642

	
1.5026

	
1.3004




	
Contractual

	
1.5745

	
1.6849

	
1.0289

	
1.5205

	
1.3780

	
1.3424




	
Policy and political

	
1.5424

	
1.6585

	
0.9956

	
1.4612

	
1.5206

	
1.1643










To calculate the influence vector and relation vector, Equations (5) and (6) are employed. For the six risk groups, the influence vector and relation vector are shown in Table 4, represented by ([image: there is no content]) and ([image: there is no content]), respectively. As seen in Table 4, environmental and policy and political factors have positive values of [image: there is no content] Therefore, these factors affect other factors, while design and contractual factors are the most influenced by all the other factors. Furthermore, the financial and technical factors have major interactions with other factors because they have highest level of [image: there is no content] and environmental and policy factors have the least interaction with other factors.



Table 4. Total influence and relation for each dimension, based on DEMATEL survey of experts in OGC.







	
Dimension

	
Code

	
r

	
[image: there is no content]

	
[image: there is no content]

	
[image: there is no content]






	
Technical

	
C1

	
9.1307

	
7.6029

	
18.6957

	
−0.4343




	
Financial

	
C2

	
9.5729

	
7.7846

	
19.6374

	
−0.4917




	
Environmental

	
C3

	
8.1837

	
6.6625

	
14.4350

	
1.9323




	
Design and construction

	
C4

	
8.4949

	
6.8842

	
17.6654

	
−0.6755




	
Contractual

	
C5

	
8.5291

	
6.9546

	
17.7721

	
−0.7138




	
Policy and political

	
C6

	
8.3426

	
6.8001

	
16.3023

	
0.3828










In the last step, the NRM and causal diagram are obtained from Table 3 and Table 4. In order to construct an appropriate NRM, it is necessary that decision-makers set a threshold value for the influence level. In this regard, the threshold value of 1.10 was set after discussion with experts. Therefore, values greater than the threshold value of 1.10 in Table 3 are compiled and included in the NRM, as shown in Figure 3. Based on this map, the direct and indirect influences can be represented. It should be noted that based on the opinions of experts, only the most influenced relations are selected from the total relation matrix. The environmental risks have less of a relation with other factors. Also, technical and financial risk factors have high interrelationships with other factors. Furthermore, all risk factors except the environmental risk factor are themselves affected indirectly by other risk groups because these risks have no direct effect on themselves.


Figure 3. Network Relation Model (NRM) depicting influences of various risk factors.
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A causal diagram can be plotted (Figure 4) by using dataset ([image: there is no content]) and ([image: there is no content]), which are given in Table 4. As shown in Figure 4, all risk factors were divided into both cause and effect clusters. The effect cluster was comprised of C1, C2, C4, and C5 with negative values of ([image: there is no content]), whereas the cause cluster included C3 and C6 with ([image: there is no content]) positive values. It can also be seen that C3 was the highest causal factor while both C4 and C5 were the highest effect factors. In addition, both C1 and C2 were identified as the most important factors as they demonstrated high levels of interrelationship with other factors.


Figure 4. Causal diagram for dimensions.
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4.4. ANP Analysis


In this section, after determining the interdependency among criteria using DEMATEL, the ANP technique is applied to attain the final weight of the six risk groups and their risk factors. A pairwise comparison question with Saaty’s nine-point scale was conducted and distributed to nine experts who had been involved with OGC projects in Iran. The questionnaire was conducted based on the ANP model and a relation network structure among the criteria. In the survey, they were asked questions such as: “In an OGC project, how much more important is “financial risk” compared with “technical risk”?”



The first step in the analysis was that the ANP model was constructed based on the relationship structure that was developed using DEMATEL, as shown in Figure 5. As can be seen, each dimension has a direct relation with its corresponding subset. Also, the loops indicate the internal relation of each group, which means risk affects itself indirectly through other risk groups. To construct this decision model and also to solve the supermatrix, this study used Super Decisions software (available at: http://www.superdecisions.com/). This is a professional software that is easy to use for constructing decision models. This software helped to build pairwise comparison matrices, compute the results for defining the supermatrix and find the limited supermatrix and weight of each factor. Furthermore, during the whole computing process, the consistency was tested by the software. The consistency ratio (C.R) is a measure of consistency that confirms that the original ratings of the experts have been maintained. It is recommended that the consistency ratio should be less than or equal to 0.10.


Figure 5. The ANP Decision network model.



[image: Sustainability 09 01420 g005]






Based on the ANP methodology, in the first step, a pairwise comparison matrix was conducted for the dimensions (technical, financial, environmental, policy and political, and design and construction) as shown in Table 5. In the second step, the pairwise comparisons were performed for all factors in each dimension. These comparison matrices should be formed based on the model and relationships between dimensions and among factors in each dimension.



Table 5. Dimension comparison with respect to overall goal.







	
With Respect to the Goal

	
Technical

	
Financial

	
Environmental

	
Design and Construction

	
Contractual

	
Policy and Political

	
Weight Factor






	
Technical

	
1

	

	

	

	

	

	
0.26




	
Financial

	
1.4

	
1

	

	

	

	

	
0.29




	
Environmental

	
0.2

	
0.2

	
1

	

	

	

	
0.11




	
Design and construction

	
0.6

	
0.7

	
0.8

	
1

	

	

	
0.15




	
Contractual

	
0.4

	
0.4

	
0.6

	
0.6

	
1

	

	
0.09




	
Policy and political

	
0.7

	
0.3

	
0.8

	
0.4

	
1.5

	
1

	
0.10




	
C R = 0.04758 (acceptable value to be less than 0.1)










The limited supermatrix is the final step, which should be calculated after the unweighted and weighted supermatrix. The limited supermatrices are presented in Table 6. The final weight of each factor for the corresponding dimension is calculated in the limited supermatrix.



Table 6. The Limited Supermatrix.







	

	
Technical

	




	

	
H1

	
H2

	
H3

	
H4

	
H5




	
H1

	
0.19

	
0.19

	
0.19

	
0.19

	
0.19




	
H2

	
0.26

	
0.26

	
0.26

	
0.26

	
0.26




	
H3

	
0.29

	
0.29

	
0.29

	
0.29

	
0.29

	
Financial

	




	
H4

	
0.14

	
0.14

	
0.14

	
0.14

	
0.14




	
H5

	
0.11

	
0.11

	
0.11

	
0.11

	
0.11

	
H6

	
H7

	
H8

	
H9

	
H10




	

	

	
H6

	
0.12

	
0.12

	
0.12

	
0.12

	
0.12




	
H7

	
0.31

	
0.31

	
0.31

	
0.31

	
0.31




	
H8

	
0.18

	
0.18

	
0.18

	
0.18

	
0.18

	
Environment

	




	
H9

	
0.24

	
0.24

	
0.24

	
0.24

	
0.24




	
H10

	
0.16

	
0.16

	
0.16

	
0.16

	
0.16

	
H11

	
H12

	
H13

	
H14

	
H15




	

	
H11

	
0.18

	
0.18

	
0.18

	
0.18

	
0.18




	
H12

	
0.20

	
0.20

	
0.20

	
0.20

	
0.20




	
H13

	
0.21

	
0.21

	
0.21

	
0.21

	
0.21

	
Design

	




	
H14

	
0.21

	
0.21

	
0.21

	
0.21

	
0.21




	
H15

	
0.20

	
0.20

	
0.20

	
0.20

	
0.20

	
H16

	
H17

	
H18

	
H19

	
H20




	

	
H16

	
0.21

	
0.21

	
0.21

	
0.21

	
0.21




	
H17

	
0.21

	
0.21

	
0.21

	
0.21

	
0.21




	
H18

	
0.15

	
0.15

	
0.15

	
0.15

	
0.15

	
Contractual

	




	
H19

	
0.17

	
0.17

	
0.17

	
0.17

	
0.17




	
H20

	
0.25

	
0.25

	
0.25

	
0.25

	
0.25

	
H21

	
H22

	
H23

	
H24




	

	
H21

	
0.21

	
0.21

	
0.21

	
0.21




	
H22

	
0.44

	
0.44

	
0.44

	
0.44

	
Policy and Political




	
H23

	
0.18

	
0.18

	
0.18

	
0.18




	
H24

	
0.17

	
0.17

	
0.17

	
0.17

	
H25

	
H26

	
H27

	
H28

	
H29




	

	
H25

	
0.25

	
0.25

	
0.25

	
0.25

	
0.25




	
H26

	
0.22

	
0.22

	
0.22

	
0.22

	
0.22




	
H27

	
0.21

	
0.21

	
0.21

	
0.21

	
0.21




	
H28

	
0.21

	
0.21

	
0.21

	
0.21

	
0.21




	
H29

	
0.10

	
0.10

	
0.10

	
0.10

	
0.10












5. Discussion


This study proposed a hybrid analysis Multi-Criteria Decision Making (MCDM) model using the DEMATEL and ANP methods to assess crucial risk factors that are related to OGC projects in Iran. The objective of this study was to determine the key risk groups and risk factors and propose a risk assessment framework to evaluate the overall risks in OGC projects. Based on past studies, 29 important risk factors related to construction risks were identified and classified into six main groups and verified by experts.



DEMATEL was employed to determine the interdependencies among risk dimensions, and the results are depicted in Table 3 and Table 4. Based on these results, a network relation map (NRM) and causal diagram were constructed, which are presented in Figure 3 and Figure 4. The NRM is a useful visual structure model that reveals the relationship between the different influence factors. This a diagram that aids managers in the decision making process. For example, to respond to financial risk groups without considering technical risk groups, a desirable result cannot be achieved because of the high influence degree between them. In addition, the effect and intensity among factors can be illustrated using a causal diagram. According to the results obtained in Table 4 and Figure 4, “financial” and “technical” dimensions are the most important risk groups because they have the highest rate of [image: there is no content] and high interrelationship with other risk groups. Furthermore, this diagram indicated that the environmental dimension with the highest value of [image: there is no content] mostly affects other dimensions. In fact, the Environmental risk dimension has a critical role in success of risk management within OGC projects. This means that desirable goals through other dimensions will not necessarily be achieved without due consideration of environmental risk factors. On the other hand, design and contractual dimensions both are the most affected by all the other factors. Therefore, managers should consider all others factors when responding to these risk factors.



According to the ANP result, which is presented in Table 5, we can see the weights of the six important group risks (C1, C2, C3, C4, C5 and C6) in OGC projects are 0.26, 0.29, 0.11, 0.15, 0.09 and 0.10, respectively. These results imply that the financial and technical risks are the most important risk groups and contractual risks are the least important. The results indicate that “lack of financial allocation for a project” and “delay in auditing and payment of contractor’s provisional monthly statements” are the most important factors in the financial risk group. Thus, based on the viewpoints of experts, a delay in payment can be a high level of risk in OGC projects for situations that have a direct effect on project objectives. Also, in the technical risk group, “errors in design drawings” and “poor quality of procured materials or materials shortage” are the most important factors. Therefore, a high level of supervision on design drawings before starting the project is necessary. Furthermore, these results prove that in these types of projects, a professional team with knowledge of quality control is necessary to avoid any error during construction. In addition, in the design and construction group risk, based on expert judgment, “changes in the ground specifications or inadequate site investigation” is the most important factor. To avoid this risk, a thorough investigation of a site specification before starting construction is necessary. Furthermore, for the environmental dimension, “lack of observing the safety measures and OSE by a contractor” and “poor relationship of professional staff to each other such as, consultants, architects, etc.” are the most important risk factors that should be considered. This shows that more attention should be given to cooperation between members in these projects such as contractors, client and staff to prevent these risk factors. In the “policy and political dimension”, three risk factors of “unstable company politics”, “expedition, lag, or changes in the priority level of the project because of financial issues,” and “variations at the managerial level” have the same weight and are more important than the other two factors. In the “contractual risk groups”, experts agree that “ambiguous clauses that have several meanings” is the most important risk factor. This shows that companies that are involved in oil and gas projects should give more attention to the clauses in contracts with ambiguous language to avoid subsequent risks that correspond to this factor.



As seen in Table 6, the most important risk factors related to OGC projects in Iran are: “lack of financial allocation for the project”, “errors in design drawings”, “delay in auditing and payment of contractor’s provisional monthly statements,” and “poor quality of procured materials or materials shortage”. Therefore, based on experts’ viewpoints these risks factors have critical roles to play for a successful risk management implementation within OGC projects. These highly important risk factors are related to “financial” and “technical” dimensions, which are the most important group risks. Hence, it is recommended that decision makers, policy makers, managers should pay attention more to these risk factors due to their direct effects on project success.



The results of this study show that the DEMATEL-ANP approach can provide two effective types of information to the managers: causal relationships between criteria and the weight of risk factors. The weight of risk factors presents the critical risk factors that should be attended and responded to within OGC projects. The causal relationships present an overview to managers on how these risk factors should be treated that have effective influence. The proposed DEMATEL-ANP method can help to boost the process of risk assessment and improve the efficiency simultaneously. The ANP weight helps to prioritize those risk factors that should be improved so that the managers can concentrate on responding to the critical risks. DEMATEL implies that responding to the critical risks efficiently, requires that their “cause” factors should be treated concurrently in order to ensure achievement of the project objectives.



Furthermore, this result can present a suitable overview of the OGC project to a manager. This methodology can help risk evaluation during project selection and group decision making of project management experts involved in the OGC industry. Furthermore, this study can serve as a guide for risk assessment policy planning to government planners and stockholders to help ensure a sustainable energy supply chain. The proposed DEMATEL and ANP model is a useful process to evaluate and assess identified risks. Both tools were based on fundamental theory, which promotes the process of evaluating perceived risks. The constructed model, which was developed by the two said tools, would be able to help visualize the complex relationship between risk factors as well as identify the important risk factors that directly affect project objectives. In the future, this method could be adapted to other areas of construction projects.




6. Conclusions


Based on the important role of energy in the global economy, it is necessary to investigate significant risks faced by construction companies that are involved in producing and processing oil and gas. This study proposed a multi-criteria decision making model for assessing the risks and formulation of policies in OGC projects by employing a DEMATEL-ANP model. The main risk groups and possible risk factors were extracted from literature and evaluated by experts. The current study attempted to identify both dimension and variables of critical risk factors that can have a major and serious effect on implementing risk management in OGC projects. According the DEMATEL analysis, the interdependencies among risk groups were evaluated to improve the adoption of decision processes in OGC projects. The outcome indicated that from the experts’ viewpoint, the “financial” and “technical” dimensions are the most important dimensions because they both have high interrelationships with other dimensions. Based on the cause-effect relationships among the risk dimensions, and according to the experts’ judgment, we could conclude that “environmental” risk factors are critical for a successful implementation of risk management within OGC projects due to their effect on other factors. It means improving other risk factors without attending to risk factors that are classified in the environmental dimension cannot have a desirable result. Furthermore, the experts agreed that “contractual” and “design and construction” are the most affected risk factors.



The ANP was applied for weighting and prioritizing critical risk factors in OGC projects. The results show that experts in OGC projects are more concerned about “financial” and “technical”, as the weights of these risk groups are significantly higher than other risk dimensions. Furthermore, from the result, it was found that from the experts’ viewpoint, “Lack of financial allocation for project”, “Errors in design drawings”, “Delay in auditing and payment of contractor’s provisional monthly statements,” and “Poor quality of procured material or material shortage” are the most important risk factors in OGC projects. Therefore, for a successful risk management implementation it is necessary for stakeholders, companies, decision makers, and policy-makers who are active in OGC projects to pay more attention to these risk factors.



The DEMATEL-ANP model has been introduced to assess the risk factors for OGC projects. It has been shown that DEMATEL can be applied to construct interrelations among risk factors in an integrated model and test the strength of interdependencies between risk factors. The DEMATEL outcomes can help managers promote the efficiency of risk assessment of overall risks within OGC projects so that they can respond more easily. Additionally, in the proposed model, it is illustrated how the ANP technique can define the importance of risk factors by weighting and prioritizing critical risk factors in OGC projects. It aids the decision makers to focus on most important risks within OGC projects.



DEMATEL-ANP has been showcased as a method to deliver a new and proper model to facilitate the risk management process, which is to be applied by decision makers in OGC projects for ensuring reliable energy supply planning. This would then lead to proper response towards potential risks during projects as well as avoid or decrease the level of consequences related to the said risks. This is particularly important for managers and members in risk assessment groups whose objectives include developing a model to evaluate risk factors during construction projects. Also, the DEMATEL-ANP model could also be referred or adapted in other parts of construction projects for the purpose of identifying and assessing risks.
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