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ABSTRACT  
 
 Risk assessment is the most significant factors in risk management. Earlier researches have shown that risk 
assessment is essential to achieve success in Engineering, Procurement and Construction projects(EPC). The 
occurrence of different risk can worsen the effects of each other such as the impact of political risks on 
economic risks. Although appointed methods such as Analytic Hierarchy Process (AHP), Fuzzy Synthetic, 
Interrelated Tree and Fuzzy AHP methods are commonly used in the industry sectors, yet these approaches 
seem powerless for evaluating the interactions and feedback between the aforementioned risks. As a result, an 
accurate assessment of the severity of risks cannot be determined. This study aims to assess the risks in EPC 
projects using Analytic Network Process (ANP) method. ANP approach is preferable in order to identify the 
problems of interdependence and feedback between various risk ranking alternatives. The method utilizes data 
that are collected through literature review, interview and a questionnaire distributed to EPC project experts. In 
this paper, the effects of risks on EPC project objectives such as cost, quality and time and probabilities of 
occurrence are assessed. Risks in EPC projects are divided into six groups: design risks, market risk, political 
risk, environmental risk, construction risk and political risk. The results have shown that political risks, and 
design risks are the most significant group of risks in EPC projects as compared to other group of risk.  As a 
conclusion, ANP is found suitable in analyzing the feedback and interdependence between risks. 
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Introduction 
 
 In recent decades, project developers have been using engineering procurement and construction (EPC) 
method in the implementation of infrastructure project such as gas refinery, power plant, transportation (Liuet 
al., 2009).The Iraniangovernment is interested in seek private investment to build and maintain of power plant, 
oil and gas industrial projects and road networks via EPC agreement(Rezaeeet al., 2012). Therewereseveral 
unsuccessful EPC projects in Iran due to schedule delay, cost overrun, poor quality and increasing litigation and 
arbitration such as Bedboland 2gas refinery. Risks are one of the reasons to unsuccessful EPC projects.  There 
are many  risks in the process of EPC projects due to the large investment, long contractual concession term and 
complex technology, including interdependence of activities, phase overlap, work fragmentation and uncertainty 
in the accurate prediction of desired outcomes(Yeo, 2002). These risks can be described as an uncertain event 
that has a negative or positive effect on project objectives, such as cost, time, quality and scope(Caltrans, 2007). 
Hence, Risk management is regarded essential in EPC project (Bi & Tan, 2010). The main process of risk 
management consists ofrisk identification, risk assessment, respond to minimize risk and risk control(Shen et 
al., 2006).  Study of risk assessment is one the most important process to risk management. The shortage of 
accurate risk assessment is one of the dominant factors that contribute to the failure of EPC projects.Risk 
assessment in EPC projects is lacking accurate measurement of risk. Risks in EPC projects are diverse and of 
complex relation. Each risk factor has mutual independence and complex and mutual influence than the other 
risk factors.                                                                                                                                                                          
 In recent years, research on risks of EPC projects has gained attention among researchers and industry 
personal over the past decades. Zhang (2006) has used AHM model to project risk assessment. Wang et al. 
(2004) has developed a model named Alien Eyes' Model, which able to demonstrate the hierarchical levels of 
risk and the relationship between the risk of influence from the stage investors, developers and entrepreneurs. Bi 
& Tan (2010) hasconstructedacontractor's risk BP neural network evaluation model in EPC mode and gave a 
complete example to illustrate the model based on MATLAB. Risk assessment in PPP projects is lacking 
accurate measurement of risk(Mousavi et al.,  2011). Furthermore, the model of Fuzzy synthetic evaluation was 
put forward to the risk assessment to measure the level of risk by many specialists. However, AHP is the most 
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widely used in research on risk assessment. The AHP framework can formulate problem in risk assessment, but 
these approaches seem powerless for evaluation of the interactions and feedback between these risks. The 
results have shown that exact assessment of the severity of risks cannot be exactly determined.The aim of this 
paper is to propose Analytical network process (ANP) as an accrue risk assessment technique with attention to 
risk probability, risk impact and feedback and independence between risks. ANP allows relations of dependence 
and feedback among elements of the system(Saaty, 2001). ANP approach is selected in order to overcome the 
problems of interdependence and feedback between various risks. The results of risk assessment in this paper 
provide insight into ways to improve the implementation of EPC projects especially in developing countries. 
 
Materials and Methods 
 
Description of ANP Method: 
 
 ANP was proposed by Saaty (2006) to solve complex decision making problems. Saaty (2006) 
comprehended that many decision difficulties cannot be solved in a linear hierarchy formation owing to the 
independence and feedback between the diverse factors(Saaty & Vargas, 2006). Despite the fact, Saaty (2006) 
extended ANP by reflecting the interplay and feedback through the decision problems. This system is separated 
into two parts(Saaty & Vargas, 2006). The first step is a linear hierarchy, containing network relation amongst 
goal, criteria and sub criteria. The second part is the feedback network containing the network relation between 
elements and clusters. The network relation of ANP approach can produce interdependencies between criteria, 
and compute the respective weights of each criterion. The outcome of these calculations forms a super matrix. It 
can be used to conclude the weight values among criteria and alternatives since calculations of the relationship 
between general evaluations and super matrix(Saaty & Vargas, 2006).  
 
The Proposed Schematic Diagram for Risk Assessment in Gas Refinery Projects: 
 
 Schematic diagram of the proposed model for refinery projectrisk assessment is provided in Figure1. In the 
remainderof this section, we describe each of the main steps of theproposed model for case study. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Proposed framework for project risk assessment. 
 
Risk Identification and Determining the Important Risks: 
 
 Risk identification is the first step of risk management. In order to identify risk factors in the Gas refinery 
EPC project of Iran, a decision group composed of a project manager, designer, project stakeholder and the 
contractor was established. The primary result of this step is a list of important risks. Datawas collected through 

Establish a project risk assessment expert team 

Identify types of risks in Gas refinery projects  

Determine the important risks 

Classify type of important risk by RBS

Make network structure of risks 

Pairwise comparisons matrix between groups of risk and 
risk factors on each group. Calculate the consistency 

Determine the local weights of the criteria and sub-criteria 
and interdependentweights

Calculate the global weights by super matrix 

Determine final risk ranking 
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a proper mechanism, such literature review of previous studies in EPC projects (Rezaee Nik et al., 2012), (Bi & 
Tan, 2010), (Tavakkoli-Moghaddam, Mousavi, & Hashemi, 2011), (Liu et al., 2009; Yu & Wang, 2011), 
comprehensive questionnaire and interview with different EPC experts and review of documents. We used risk 
breakdown structure (RBS) to classify risks according to their resource and their impact in the project.Then, by 
proper mechanism, more than 120 risks were identified and classified according to their source (project 
manager, designers, key project stakeholders and contractor), when in the life cycle of the Gas refinery project, 
the impact of the risk was probable to occur.The risks were not considered in MADM that have low 
probabilities of occurrence and lower relative impacts.The research has identified a number of 33important risks 
and then grouped into six different categories. The risksare selected by expert judgments that have critical 
impacts on project objective such as time, price and quality, and high probabilities of occurrence as shown in 
Table1. 
 
Table 1: Important risks in Gas refinery project. 

Group of risks Type of risks 

B1: Political 

C11: Political sanctions 
C12: Social instability 
C13: Change in law 
C14: Limitation of laws and regulations political  situation 
C15: Political corruption 

B2: Economics and Finance 

C21: Exchange rate fluctuations 
C22: Inflation risk 
C23: Periodic fluctuations in the economy 
C24: Large change in interest rates 
C25: Delay in payments 
C26: Limited funding 
C27: Delayed opening LC 

B3: Construction 

C31:Delay in equipment delivery to the site 
C32: Schedule of construction delayed 
C33: Procurement progress delayed 
C34: Used improper construction method 
C35: Poor quality of materials and equipment 
C36: Lake of resources 
C37: Subcontractor nonperformance of the contract 
C38:Inadequate QA/QC inspections and audits 

B4: Environmental 

C41: force majeure 
C42: Poor weather conditions 
C43: Disaster-prone areas 
C44: Harsh environmental conditions 

B5: Market 

C51: Bad Local market order 
C52: Material price fluctuations 
C53: Building materials production ability 
C54: Disorderly vicious competition 

B6: Design and Planning 

C61: Delayed in design 
C62: Design failures 
C63: Inadequate design quality 
C64: Technology maturity 
C65: Technology matching 

 
A Network Structure of Risk: 
 
 Following the identification and categorization of important risks, a network structure on Gas refinery is 
constructed by five experts to create mutual influence between risk factors based on risk assessment. There is an 
outer dependency between different groups and inner dependency within each group of risk and risk assessment 
criteria in this structure. Indirect dominance comparison of factors in set Bi is carried out according to their 
influence on Cij by considering factor set Bi (i = 1, 2, . . ., 6) as primary standard and factors set Cj (j = 1, 2, . . ., 
8) as a secondary standard, that is, to construct judgment matrix. The ANP network process of the risk factors is 
shown in Figure 2. 
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Fig. 2: ANP network structure. 
 
Pairwise Comparison Matrices Between Risk Groups and Risk Factors: 
 
 The next step is to obtain pairwise comparison matrices between various risk groups and the various risk 
factors within the same group. These comparisons were collected in comparison matrices. The following 
question was asked to the expert teamto compare the each risk group and risk factors with attention to their 
impact on the objective of the project such astime, cost, quality and probabilities of occurrence of each risk in 
Gas refinery projects.The experts were asked to perform a pairwise comparison using ANP scale (1-9) the same 
fundamental comparison scale as the AHP. As shown the Scale in Table 2. 
 
Table 2: Fundamental comparison scale 

Intensity of 
Importance 

Definition Explanation 

1 Equal importance Two activities contributeequally to the objective 
3 Moderate importance Judgment  slightlyfavour one activity overanother 
5 Strong importance Experience and judgmentstrongly favour oneactivity over another 
7 Very strong importance An activity is favouredvery strongly over another 

9 Extreme importance 
The evidence favouringone activity over another isof the highest possible 
orderof affirmation 

2,4, 
6,8 

For compromise between 
the above values 

Compromise judgmentbetween the above valuesbecause there is no 
goodword to describe them 

 
 To reflect the interdependencieson this simple network, pairwise comparisons among all the group of risk 
and risk factors were performed, and this relationship was evaluated. Theaverages of the answers were inserted 
to the Super Decision Softwareto calculate consistency of pairwise comparison matrices. CR is used to check 
consistency according to the pairwise comparison. If the consistency value of CR is less than 0.1, it indicates 
that such pairwise comparison matrix contains satisfactory consistency. Saaty  has prepared a description on 
inconsistencies in relationships and its corresponding calculations(Saaty, 2005). 
 Based on the case study, it is shown that the pairwise comparisons are consistent. Otherwise, the evaluation 
should be considered by an expert team. Table3and 4 shows an example of the pairwise comparisons matrix and 
consistency ratios (CR) between groups of risks and a pairwise comparison matrix ofinadequate design quality 
between Design and planning group respectively. 
 
Determine the Unweighted, Weighted and Limit Super Matrix: 
 
 The next step is to create unweighted, weighted and limit super matrixof all the elements within a network 
structure. The unweighted super matrix includes the local priorities insulated from the pairwise comparisons. 
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Influence priority is assigned as zero when an element has no influence on another element(Saaty, 2005). The 
unweighted super matrix for Political risks isshown in Table 5. By multiplying the cluster weights to their 
relative blocks in the unweighted super matrix, it yields the weighted matrixas shown in Table6. In this method, 
the component is weighted with its corresponding cluster matrix weight. Then, the weighted super matrix must 
be converted to a limited matrix by raising the weighted super matrix to powers (Saaty, 2005). Limit matrix of 
Political risks is shown in Table6. The results of the priorities are extracted and obtained from the limit matrix. 
The above computing process is accomplished using Super Decision Software ANP version 2.2.4. 
 
Table 3: Pairwise comparison matrix between groups of risks. 

 B1 B2 B3 B4 B5 B6 
B1 1 3 5 6 5 2 
B2 1/3 1 3 5 4 1/2 
B3 1/5 1/3 1 3 2 1/3 
B4 1/6 1/5 1/3 1 3 1/3 
B5 1/5 1/4 1/2 1/3 1 1/4 
B6 1/2 2 3 3 4 1 
                                                       CR= 0.0660 

 
Table 4: Pairwise comparison matrix of inadequate design quality. 

 C61 C62 C64 C65 
C61 1 2 4 3 
C62 1/2 1 2 3 
C64 1/4 1/2 1 2 
C65 1/3 1/3 1/2 1 
                                    CR= 0.0363 

 
Table 5: Unweighted super matrixof political risks. 

Cluster node B1: Political risk 

B1: Political risk 

 C11 C12 C13 C14 C15 
C11 0.000 0.210 0.198 0.115 0.201 
C12 0.187 0.000 0.140 0.231 0.151 
C13 0.163 0.157 0.000 0.490 0.092 
C14 0.568 0.519 0.561 0.000 0.554 
C15 0.081 0.112 0.099 0.163 0.000 

 
Table 6: Limit matrix of political risks. 

Cluster node B1: Political risk 

B1: Political risk 

 C11 C12 C13 C14 C15 
C11 0.170 0.170 0.170 0.170 0.170 
C12 0.072 0.072 0.072 0.072 0.072 
C13 0.106 0.106 0.106 0.106 0.106 
C14 0.163 0.163 0.163 0.163 0.163 
C15 0.050 0.050 0.050 0.050 0.050 

 
Discussion and Results: 
 
 The final ranking of each risk factor using ANP weights are presented in Table 8. The assessment of risk 
factors shows that Political sanction (C11) is the most important risk factor of0.1701. Among the other risk 
factors, Change in law (C13) and Delay in design (C61) are the most important factorof 0.1067 and 0.0994 
respectively. On the other hand, Harsh environmental conditions (C44), Building materials production ability 
(C53) and Disorderly vicious competition (C54) are the least important with score of 0.00009 and 0.0003 
respectively. The final evaluationresult of group of risks is shown in Table 7. Political risks group and Design 
risks group are the most important risk group than the other risks in EPC refinery projects in Iran. We used 
pairwise comparisons for assessing risks with respect to criteria and sub-criteria so as to increase the accuracy of 
risks assessment. Risk assessment findings can be applied in the risk response step. Risk sources and affected 
work elements were defined in this step. After that a list of the candidate was determined to enable risk 
reduction actions followed by estimation of their associated costs and expected effects such as time, cost and 
quality.This information can be utilized to select appropriate actions 
 
Table 7:  Weight of each risk group. 

Group of risk Weight of each group 
Political risk 0.563 
Design risk 0.179 
Economic risk 0.145 
Construction risk 0.057 
Environmental risk 0.030 
Market risk 0.021 



1364 
J. Appl. Sci. Res., 9(3): 1359-1365, 2013 

 

Table 8: Weight of each risk factor. 

Risk factors 
Weight of 
risk factors 

Risk factors 
Weight of 
risk factors 

C11 0.1701 C36 0.0017 
C12 0.0725 C37 0.0014 
C13 0.1067 C38 0.0009 
C14 0.1630 C41 0.0281 
C15 0.0507 C42 0.0013 
C21 0.049 C43 0.0007 
C22 0.0267 C44 0.00009 
C23 0.0133 C51 0.0201 
C24 0.0081 C52 0.0007 
C25 0.0074 C53 0.0003 
C26 0.0351 C54 0.0003 
C27 0.0060 C61 0.0994 
C31 0.0405 C62 0.0506 
C32 0.0033 C63 0.0090 
C33 0.0026 C64 0.0095 
C34 0.0055 C65 0.0113 

 
Conclusion: 
 
 In order to replicate to the development needs, the Iranian government has employed several companies to 
carry out Gas refinery projects. Due to the complexity of risks in EPC projects, the main objective of this study 
was to identify risks in these projects and to develop a framework for risk ranking. Stakeholders have limited 
knowledge for managing all project risks. Therefore, they need to prioritize the important risks. This paper has 
adopted ANP approach to develop a risk assessment model for EPC projects. The result shows that the top 
threeof risk groups of EPCprojects inIRAN are political risks, design risk andeconomic risks. To conclude, 
apolitical sanction is the most important risk in such projects. Other risk factors that have significant impacts 
arelimitation of laws and regulations political situation,change in law and delayed in design. Thus, by using the 
ANPrisk assessment model for EPC projects, thegovernment and private sector could identifythe source of risk 
prior to the implementationof the project and discretionaryactions could be obtained as soon as possible.This 
model can prepare decision referencefor risk assessment and project riskmanagement in EPC projects.In future 
research, other multiple-criteria methods can be used to evaluate the risks of gas refinery EPC projects. 
Additionally, the proposed method could be applied to evaluating project risks in other sectors. 
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