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Abstract: Nowadays, Energy supply is a key factor in defining the strategy of different countries.
The Petroleum industry, as a major industry of energy production, has become a specialized field due
to its diverse products. In this regard, many countries around the world seriously aim to find the best
executive and contractual methods along with careful planning to carry out projects in production,
extraction, and development of this field in the Petroleum and Energy industry. One of the low-risk
methods for carrying out these projects is the implementation of projects in the field of Energy and
Petroleum industry under Engineering, Procurement and Construction (EPC) contracts, which
transmits the lowest risk to clients.

Scope, time, cost and quality are the main features of project management that affect its
efficiency and any project is analyzed and evaluated by these factors. Accordingly, the purpose of
this research is to analyze, prioritize, rank, and manage efficiency of EPC executive projects in
Energy and Petroleum industry of Iran, using the TOPSIS method as a multi-criteria group decision-
making method. The results show that engineering is the most important factor influencing project.
In addition, the construction phase has more influence on productivity than the procurement phase.
The results of this research and analyses obtained from TOPSIS show that ‘poor planning and
sequencing of modeling, design, plan, and layout preparation’, ‘weakness in project planning and
control during execution’, and ‘defective product performance made with project specifications’
have more impact on the failure of EPC projects in the energy and Petroleum industry of Iran.
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1. Introduction

A project is defined as a temporary attempt to achieve or produce a specified product, and the
effect of this effort can be investigated by constraints and parameters defined in the project
management context [1]. Projects are often performed by project teams as means of achieving
important organizational plans (production or services) [2]. Cost, time, and scope are the triple
constraints of the project management triangle, which are associated with performance measurement
in project management [3]. Project management forms the basis of any industrial or construction
project. Ongoing projects in the Energy and Petroleum industry include multi-faceted and structured
operations focusing on achieving a unique product such as constructing a refinery unit or an oil
platform [4].

The Petroleum and Energy industry in most countries accounts for a significant portion of GDP'.
According to the WTO?, this amount in developing countries is approximately 10% of GDP [5], so a
success in Energy industries in any country often leads to its economic growth and stability. In recent
years, numerous efforts have been made to improve the productivity and success rates of Iran's
Energy and Petroleum projects, often indicating the foundations for successful fulfillment of project
management [5]. Optimizing projects based on management planning in Energy industries can lead
to a more accurate planning for future projects through data collection and control [6]. Project
management, planning and control can lead to success in optimizing projects in this field.

Projects defined in the Petroleum and Energy industry generally involve various complex tasks
performed by several specialists in the project life cycle, including the engineering, procurement and
construction phases. Energy and Petroleum industry projects include installation, process,
construction and infrastructure activities and their success requires careful coordination. Accordingly,
the Petroleum industry and the energy sector often face problems in their processes that, in some
cases, lead to the complete failure of projects. As such, the Petroleum industry and the energy sector
are affected by efficiency and productivity, the importance of which can be analyzed in terms of cost,
time, and quality [7].

Successful execution of energy projects in this competitive market of energy plays an important
role in the prosperity of the contractors in this industry. This industry, like any other industries, needs
unending development. This unending development stems from the Plan-Do-Check-Act cycle, which
was first introduced in the implementation and construction issues, and later used in the Petroleum
Industry and the Energy sector [8]. PDCA depends on continuous measurement of parameters. This
is a four-step repetitive management approach which is used by companies continuously in order to
control and improve processes and products [9].

As it has been proven in research, increasing changes in executive projects are inversely related
to the three main objectives of project management, namely time, cost, and quality, so that increasing
changes and rework have negative effects on the above three variables [10]. Therefore, according to
the knowledge and executive experience of contractors and in order to expedite the implementation
and operation of projects, the using new contractual methods and project management strategies such
as project implementation under EPC” contracts has become more popular [11]. Also, since the
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implementing of these types of projects is not for so long time ago, it is possible to make changes in

attitudes between its agents. In this paper, the changes of EPC-implemented projects in an important

field, i.e., the Petroleum industry, has studied based on EPC projects characteristics [12].

1. These projects can be completed faster than traditional contracts.

2. The employer and the consultants must trust the contractor's skills and experience, and therefore
should not interfere in the contractor's work except when the contractor fundamentally deviates
from his duties.

3. The activity of the employer and his consultants will be more in the process of tender and
excellent supervision during the project.

4. As a general rule, any defect in the defined scope of work will be the responsibility of the
contractor and the risk and executive responsibility will be transferred from the client to the
contractor.

5. Integrity in the purchase of equipment and goods, especially foreign purchases, will make their
management much easier and more economical.

This process not only reduces the time of engineering, purchase, construction, and

commissioning stages, but also reduces the time of stopping the operation [13].

Despite the use of different theories, techniques, and tools, Energy and Petroleum Industry
projects still globally suffer from inefficiencies in terms of time, cost, and quality, which can lead to

delays, disagreements, and losses [14].

2. Literature review

Little research in Iran have investigated the causes of poor productivity of EPC projects in
Energy and Petroleum industries, as well as the prioritization of these factors and their interactions
with projects’ performances. Therefore, this study aims to identify and prioritize the factors affecting
the construction project management with respect to the engineering, procurement, and
construction (EPC) projects associated in the Petroleum industry and the energy sector in Iran.

Many researches have been done to find the causes of projects’” weaknesses. Oigunde, Jushua
has emphasized on the critical criteria of construction projects including financial stability, work
progress, standards, HSE*, QC°, relationships with stakeholder, facilities, management authority,
contractual and claim arguments, and popularity [15]. Among these factors, time and cost are
remarkably important due to their capabilities to establish a crucial benchmark for the assessment of
projects’ efficiency [16].

The success of a project is also measured via productivity measurement, time, cost, and quality
parameters [17]. Time, cost, and quality are three essential elements to determine and measure
success in projects [13]. Peter Morris did a research on the success of the various stages of the
project from conceptual design to delivery, while examining the impact of project management on
project success [18]. During the cycle of the project, these three components start with planning and
reach their maximum in the handover stage [19]. Maintaining a stable financial flow between these
components is important, particularly because it is linked to the execution of required duties and
targets set for the main stakeholders of the project (sub-contractors). These stakeholders often
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impose a considerable financial loading on the project when the predetermined goals aren’t met [20].
Some other risks that can affect the project’s achievement, apart from increasing its time and cost,
are accidents, fluctuation of price, material inadequacy, weather conditions, international situation,
and environmental, health and security conditions [21].

Some researchers have identified stakeholder satisfaction as a principal indicator for measuring
the efficiency of projects [22]. They have distinguished that this indicator is as important as the
previous elements for measuring of construction sufficiency [23].

Some researchers have identified ‘time’ as a recognized element of ‘project success’ and
‘project management success’, with the emphasis on measuring the success of overall project goals,
while the latter is mostly measured by traditional methods [24].

Chairawan has done research on professional project management knowledge. He proposed a
model in which the effects of different criteria on the project’s achievement were studied in relation
with various work areas [25], including project time, cost, design, quality, scope, supply, risk and
relation [26]. In addition, for non-industrial projects weaknesses in implementation especially in
terms of time and delays, costs increase, and decrease in quality have been investigated by several
researchers [27].

Recent studies have been carried out to recognize the items influencing cost and time in
buildings projects across the world [28]. These items include defects in contract management,
mistakes made in duties, wrong selection of project materials, alteration in engineering, and
inaccuracy in the choice of sub-contractors and vendors. In addition to the above factors, a
combination of variables including productivity, poor labor, lack of materials, in accuracy in
estimating required materials, fluctuations in material costs, lack of sufficient experience with the
type and geographical situation of the project in success or project failure are effective as well. Other
factors that reduce project efficiency include errors and differences in design, management, and poor
monitoring of the workshop and project site, and delays in finalizing the minutes [29].

Several studies in the construction industry have also focused on project control [30]. The
purpose of project control is to verify that projects are completed on time and in accordance with the
approved budget and meet the agreed goals. Practically, project control is done by project managers
and includes continuous measurement of project progress and corrective actions if necessary.

A study conducted on the effect of deviation from project management standards in industrial
and construction projects has showed that the lack of effective communication between the project
parties leads to a poor productivity in the project and failure [31]. Generally, since the construction
sectors in different industries require hand activities and are regularly involved with the personnel's
salaries and wages, time management can assist in controlling the costs of wages [32].

Generally, project planning and control is a necessity for all industrial and construction projects.
Any activity in the Energy and Petroleum industry projects involves several tasks. However, it is the
technical planning that determines which tasks need to be performed, when they need to be
completed, what resources are needed, and when these resources are needed. Each schedule indicates
the whole plan in graphical form, which can be depicted by a linear chart. This chart shows activities
on a horizontal time scale (base on days, weeks, months, or even years, depending on the complexity
of the project). The master scheduling plan is typically analyzed and finalized before the
commencing the construction phase by the project analysis and management team [33].

Moreover, any delays in the schedule can retard the overall duration of the project, especially
when a group of workers should execute a specific task, or that activity must be assigned to
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subcontractors, in which case any delay may lead to their termination of the contract or change of its
price. Therefore, contractual disputes may arise or cause loss and further retard the project [34].
Based on the studies conducted, two of the most important controllable and non-controllable causes
of project inefficiency are presented in Table 1 [35].

Table 1. The most important factors influencing the failure of projects.

Effective Factors

1. Controllable:
1.1 Insufficient studies and lack of feasibility and basic information
1.2 Poor planning, poor design, improper implementation, low
quality
1.3 Inefficient personnel control, inadequate resource allocation, poor
budget distribution
1.4 Change in decisions and working conditions

2. Non-controllable:
2.1 Failure in outsourcing methods
2.2 Environmental issues
2.3 International factors and limitations
2.4 Unexpected events and force majeure and infectious diseases
such as coronavirus

In addition to the above-mentioned factors, other factors such as mistakes made by contractors,
consultants, and personnel; unqualified site management, problems with subcontractors, poor
planning, payment problems, and inexperienced or unskilled personnel cause delays in the project
and impair its performance and success [36]. Additionally, delays are also caused by other factors
that are not under the control of project participants, such as economic instability (e.g., oil price
changes), natural disasters, riots, and unpredictable weather conditions, and some other factors
created by stakeholders and decision makers, such as changes in design or payment delays and
changes in project completion priorities [37].

Poor efficiency can result from unexpected events. Such events can influence the construction
and supply of the project goods severely. In one study, three important categories of delays due to
unexpected events [38] were analyzed. Delays in starting, prolonging time and suspending work
during project implementation are the three main causes of project management inefficiency in
different countries and depend on the culture of their construction. In addition, late delivery of
materials and consumables, unpredictable land conditions, problems and shortages related to the
supply of materials, equipment and manpower, delays in paying employers, financial problems of
contractors, design shortcomings, excessive bureaucracy in obtaining a work permit Proper weather
conditions, economic losses due to inflation or fluctuations in the prices of goods and materials, and
slow decision-making are other factors influencing projects [39].

A study on the impact of the culture of implementing industrial projects on delays indicates that
there are differences and similarities in the causes and effects of delays between the Iranian culture
and the cultures of other countries. It addressed the effects of effective communication between the
parties from the consultant and contractor perspective and their effects [40]. Another study predicted
and evaluated the project success by business environment indexes and development models. The
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importance of the key factors contributing to the success of projects was also worked on by another
researcher [41]. Other studies have identified and categorized the main factors for the success of
mass builders in Iran [42]. In one study, the factors influencing the success of residential building
project contractors were evaluated. It also examined the projects of a reputable investment company
in Iran and provided a model for achieving goals in construction projects [43].

Another study evaluated the principal criteria of success in the Azadegan projects [44]. Some
studies have examined and identified success criteria in project-based organizations. Some studies
have also identified success factors in safety and health processes in Iran [45].

The executive stages of EPC projects are different from those of conventional projects because
of the interactions that involve a series of activities to achieve project goals at a particular time.
Performing EPC projects requires one of the most sophisticated techniques that can affect a project's
success. Some researchers have identified three aspects of success in EPC projects, including
execution process, the project value, and client satisfaction. Another researcher emphasized the
importance of time, cost, quality, and customer satisfaction in the EPC process phases [46]. In
general, the success of industrial projects is strongly related to the efficiency of the project life cycle,
and the efficiency of each EPC phase can be attributed to the triangle of time, cost, and quality [47].
Numerous studies have examined the impact of stakeholder decisions on project efficiency. They
examined the relationship between the employer, contractors, consultants, suppliers, and sub-
contractors [48]. The use of time, cost, and quality as important factors in the success of
development projects to evaluate the productivity of development projects has been widely studied
by many researchers [49]. However, understanding these factors with respect to the different stages
of EPC projects and prioritizing the factors that can affect the success of the project in different parts
of the EPC is a prerequisite for success and prevention of project conflicts. Although much more
research has been done on the conditions and factors influencing the management of construction
and road construction projects, little research has been done on identifying, classifying and
prioritizing the factors that affect the poor productivity of industrial projects, especially in the Energy
and Petroleum industry. Some researchers have studied factors affecting the poor performance of
industrial projects in Iran's Petroleum industry, but little research has identified, classified and
prioritized these factors with respect to the EPC stages of these projects. The EPC consists of three
stages in each project: (1) engineering, (2) procurement, (3) construction, any of which comprises
factors affecting the efficiency of projects in this area in relation to the project target. Also, it is not
possible to create a model for all industrial projects due to differences in size, nature, type of
contract, contract amount, method of financing, and complexity of projects. Therefore, identifying
and prioritizing the reasons for the failure of Petroleum industry projects in Iran have not been
specifically studied and such research is needed more than ever.

Although the above research has helped to better understanding of problems associated with
poor efficiency in industrial projects, there are some limitations to this:

1. Although several studies have shown the reasons and effects of poor efficiency in the
construction industry, only little research has been done on industrial projects, especially the
Petroleum industry and the energy sector.

2. Researches have scarcely focused on the identification, prioritization and interaction of
efficiency-related factors in the engineering, procurement, and construction (EPC) of Petroleum
projects.
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This paper has identified and prioritized the major factors that cause project management
inefficiency in the executive projects of Iran's Energy and Petroleum industry in terms of time, cost
and quality.

/- *Study and collect documents and interview with experts
etermining *Determining the main factors and criteria
of the
factors
Erabdtn *Multi-criteria MCDM decision making by TOPSIS method
ofthe

. factors

* Classification of influential factors
Effect of *Prioritize influential factors

the factors :

Figure 1. Conceptual framework of the research.
3. Methodology

The Iranian entities involved in the study included the National Iranian Oil Company (NIOC),
the National Iranian South Oil Company (NISOC), the National Iranian Oil Refining and
Distribution Company (NIODC), contractors and consultant Companies working in Energy and
Petroleum field.

This questionnaire includes components that affect the unsuccessfulness of projects activity
from the time of the tender until the handover of projects in Petroleum and Energy industry projects
in accordance with EPC projects. This questionnaire was distributed among the experts.

Step 1: Efficiency-related Factors

In this study, many factors have identified based on Energy and Petroleum industry
beneficiaries' opinion, including employers, consultants, and Petroleum industry contractors, for
success in EPC projects and achieving better efficiency for industrial projects. This study examined
the main factors of previous research that have been identified as potential factors important for the
efficiency of EPC projects [22—37]. The items are presented in Table 2.
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Table 2. Preliminary attributes and indexes measurement.

Project phase  Index EPC project efficiency attributes

X1 Poor design in implementation period

X2  Failure to comply with design criteria to reduce implementation costs
Xi3  Weakness in technical calculations and design during the tender period
Xi4  Weakness in estimating the cost of execution in tenders and budgeting

Xis  Poor planning and sequencing of modeling, design, plan and layout

Engineering .
preparation
X6  Applying taste in design by the execution department
X17  Neglecting part of the project in engineering and design calculations
Xis  Weakness in receiving sufficient and accurate information during the tender
period
X,1  Delay in goods and materials delivery
X2, Change customs rules and shipping of goods and supply chain
Xy  Defective product Performance made with project specifications
X4 Failure to provide spare parts and consumables during the commissioning
Procurement period
Xps  Insufficient stakeholder engagement for ordering
Xz  Poor monitoring in the process of manufacturing and supply of goods
Xy7  Contractual and financial disputes with the manufacturer and supplier
X,s  Dispute and difference of taste in choice of goods
X531 Weak in project planning and control during execution
X32  Lack of review of project contract specifications during implementation-
reworking
X33 Low quality of materials and consumables for construction
Construction X34 Inflation and price fluctuations

X35 Poor supervision of the workshop and site
X3¢  Unexpected environmental, weather and political events

X37  Defective operation or commissioning due to the performance of the
subcontractor

X35 Contradiction of project conditions with tender conditions

Step 2: Data collection and evaluation

Data were collected from various companies, particularly EPC contracting companies ranked by
the management and planning organization for use in the model developed in step 1. The structure of
the questionnaire is based on two parts. The first part is about acquiring audience experience in the
Energy and Petroleum industry including the competence and rank of companies, their experience,
business activity and nature. The second part is based on the productivity of the contractors in the
Energy and Petroleum industry projects. The collected data were quantitatively analyzed. All
stakeholders in Iran's Energy and Petroleum industry including consultants, contractors,
subcontractors and suppliers, engineers and project managers, and project practitioners were sent 45
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questionnaires by email or through communication applications. Survey participants also included
engineers, managers, and people with more than fifteen years of work experience and a minimum of
a bachelor's degree up to the PhD degree. However, only 39 questionnaires were returned,
accounting for about 86% of the responses. The questionnaires were distributed via e-mail and
application among selected experts and managers, which show that among the respondents, 33% are
employer companies, 36% are contracting companies and 31% are consulting companies. The
situation and the experience of the respondents show that their opinions and ideas have competence
and represent the society (Table 3).

Table 3. Investigating the characteristics of the respondents.

Category Item Frequency Percent
Experts of employers' companies 13 33
Type Experts of contracting companies 14 36
Experts of consulting companies 12 41
General Manager/Agent 11 28
Skill Project Manager/Manager 14 36
Director 10 26
Supervisor 4 10
More than 26 years of work experience 10 26
Experience 25-21 years of work experience 18 46
1620 years of work experience 11 28

It should be noted that in order to investigate the reliability of the research data, after obtaining
the data from the questionnaire, the internal consistency method was used. The results of this study
showed that Cronbach's alpha coefficient based on the following formula is greater than 0.80 in all
parts of change management. Therefore, the used questionnaire has the necessary research reliability.

K ( E?i"f)
a = 1
K-1 o?
(D

The stakeholders involved in EPC projects were asked to answer questions on a seven-point
Likert scale and their evaluation is summarized in Table 4.

Step 3: Creating a group Decision-making model and data analysis

A multi-attribute group decision making is an optimization technique that can solve the problem
of complex and conflicting situations. Group-based mathematical optimization model is developed to
combine the factors identified in Step 1 and collected in Step 2 in a composite decision matrix in
order to describe the productivity of EPC contractors well [50]. The purpose of multi-attribute
decision making is to select the most desirable project management approaches that have the highest
degree of productivity. In this decision making approach, decision makers should select and rank
options related to either consistent or inconsistent features. The multi-attribute decision-making
technique is needed to list different factors [51].
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In this study, the TOPSIS® method was used to rank project management approaches in terms of
their impact on project performance. The TOPSIS method, which is a group decision making method,
offers several solutions for functional activities and path selection through conflicting goal
identification and goal path optimization [52]. In addition, by producing a decision matrix and
criterion sensitivity analysis, TOPSIS can be used to select the right strategy for a specific program,
including the rational ranking of EPC contractors [53].

The TOPSIS technique is one of the well-known classical multi-criteria decision-making
techniques, which was first introduced by Hwang and Yoon. The principle logic of TOPSIS is to
define the best alternative and the worst alternative solution. The best alternative solution is a way to
maximize positive criteria and minimize negative ones. In short, the best alternative solution contains
all available values and criteria, while the worst alternative solution is a combination of the worst
values and available criteria.

The major assets of the presented TOPSIS method over the others is the basic TOPSIS method
aggregate the decision matrices by the aggregation operator and then decide relative coefficients
based on the aggregated matrices. But in our approach, we find the relative coefficient of each
decision matrix individually and then give the final results for each alternative. Finally, we aggregate
the results of each decision-maker and get new relative coefficients for final ranked results. As such,
this approach gives both the individual and aggregated ranked results of decision-makers [54].

In addition to considering the distance of an A; option from the best alternative point, this
method considers the distance from the worst alternative point. That is to say, the chosen option
should have the shortest distance from the best alternative solution and simultaneously have the
shortest distance from the worst alternative solution. The technique is also based on the following
concepts:

A. The desirability of each indicator must be consistently incremental or decreasing. The greater the
1;i (the score obtained by option i in criterion j), the more desirable it is. The best value of an index
represents its best alternative, and its worst value indicates the worst alternative of it.

B. The distance of an option from the best alternative or the worst alternative may be calculated as
Euclidean distance or as the sum of the absolute value from linear distances, which depends on the
rate of exchange and substitution between the indexes.

The TOPSIS method will be performed in six steps as follows:

Step 1. Converting the existing decision matrix into an unscaled matrix using the following
formula [55]:

N

n, = ————
\/Z ry
=l (2)

Step II. Creating a weighted non-scale matrix assuming the W Vector as input to the Algorithm [55]:

W=W,W,.. Wy )

6 Technique of Order Preference Similarity to the Ideal Solution
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V=MW, =
F&w%wm

Weighted non-scale matrix:

Np is a matrix in which the scores of indexes are unscaled and comparable and W 1S a matrix

whose elements of main diameter will only be non-zero.
Step III. Defining the best alternative (A+) and the worst alternative (A—) [56]:

The best alternative option: = A = {max v,y [ie 3)(min vylje a)i=t2.m)

The worst alternative option: ~ * ~ loip vilie s )loin vilie oozt

J is related to the profit: 7 ~ li= 1.2, 0]

Step I'V. Calculating the distance of the ‘I’ option from the ideal using the Euclidean method [57]:
:{Zn, (Vij_Vf)z} i=1,2,., m

Distance of ‘I’ from the best alternative: di+

d ={Zn: (Vii_Vj_)z} i=12,.,m
Distance of ‘I’ from the worst alternative: '~ U=
Step V. Calculating the relative proximity of A; to the worst alternative solution. This relative
proximity is defined as follows [58]:

d.

. |. —_—,
i=12,..m  O<cl, <1 """ +d)

d., =0 =1 d

andCI” ~ “;and if -A; = A, then =0

i+ i—

cl, =0

It is observed that if +A; = A, then and

Thus, the closer the A; option is to the ideal solution (A+), the closer the Cli. will be to the unit.

Step VI. Ranking the options. Based on the descending orderd” , the options available from the

given problem can be ranked.
4. Analysis

TOPSIS is an effective method for analyzing and ranking alternatives and uses the Net
Concordance (NC) value which is an optimistic method and Net Discordance (ND) value which is a
pessimistic method. TOPSIS concurrently considers both NC and ND distances to calculate a Net
Concordance Dominance (NCD) value [57]. The NCD notion is derived from prospect theory, which
is used to identify the ideal point. In this paper, TOPSIS and the notion of NCD are used to develop
score values for each project management approaches in each engineering, procurement, and
construction phase.
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929

Table 4. Ranking of important factors on the efficiency of EPC project in Petroleum
industry and Energy field.

Index ID  EPC Efficiency Related Indicators NC ND NCD RANK
X Al  Poor design in implementation period 0.82 0.79 0.805 5

Failure to comply with design criteria to reduce
X1 A2 ) 0.61 081 071 9
implementation costs

Weakness in technical calculations and design during the

X1 A3 i 0.59 071 0.65 12
tender period
Weakness in estimating the cost of execution in tenders

X4 A4 ) 0.7 078 0.74 8
and budgeting

Poor planning and sequencing of modeling, design, plan
Xis  AS PRANRINg Ane sequencing &OELPER 006 092 094 1
and layout preparation

X6 A6  Applying taste in design by the execution department 0.42 0.3 0.36 22
Neglecting part of the project in engineering and design

Xy, A7 BCCHEP Pro) gineering B 093 082 0875 4
calculations

Weakness in receiving sufficient and accurate

X8 A8 . . i . 0.61 044 0.525 16
information during the tender period

X1 A9  Delay in goods and materials delivery 0.75 0.58 0.665 11
Change customs rules and shipping of goods and suppl

Xy AlQ - lECCUSIOmS PPIE ot 8 TPPY 033 029 031 23
chain
Defective product performance made with project

Xa3 All . ) 0.9 0.88 0.89 3
specifications
Failure to provide spare parts and consumables during

X4 Al2 o . 0.51 0.5 0.505 17
the commissioning period

Xzs A13 Insufficient stakeholder engagement for ordering 0.25 0.34 0.295 24
Poor monitoring in the process of manufacturing and

Xz Al4 0.81 069 0.75 7
supply of goods
Contractual and financial disputes with the manufacturer

X7 AlS . 0.42 0.55 0.485 18
and supplier

Xog A16 Dispute and difference of taste in choice of goods 0.72 0.4 0.56 15

X3 A17 Weak in project planning and control during execution 0.9 095 0925 2

Lack of review of project contract specifications during
X3 Al8 | ) ) 0.37 045 041 19
implementation- reworking

Low quality of materials and consumables for

X33 Al19 ) 0.6 0.66 0.63 13
construction

X34 A20 Inflation and price fluctuations 0.64 0.74 0.69 10

Xis A21 Poor supervision of the workshop and site 0.79 0.39 0.59 14

X6 A22 Unexpected environmental, weather and political events  0.48 032 04 20

Defective operation or commissioning due to the
X357 A23 0.82 0.7 0.76 6
performance of the subcontractor

Contradiction of project conditions with tender
X3s A24 .. 0.48 0.26 037 21
conditions
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Table 4 presents the respective Net Concordance Dominance (NCD) value obtained from the
TOPSIS method by using the software. The table shows that ‘poor planning and sequencing of
modeling, design, plan and layout preparation’ (NCD = 0.94), ‘weak in project planning and control
during execution’” (NDC = 0.93), and ‘defective product performance made with project
specifications’ (NDC = 0.89) have greater effects than other critical factors in EPC project
management in Energy and Petroleum industry. Moreover, the TOPSIS analysis shows that the
engineering phase plays a significant role in project efficiency.

5. Results

Although several researchers have studied some causes of poor productivity as well as
efficiency of industrial and construction projects in Iran, there is a vital gap in identification,
categorization, and prioritization of these factors in industrial projects which was the focus of this
study. The executive projects of the Petroleum industry play a significant economic role regarding
stakeholders and resources involved in it. Poor efficiency of projects resulting from poor project
planning and control is among the most important issues affecting project success. This paper reports
recent studies and aims to prioritize the main activities of EPC contractors to achieve better goals in
project management system performance.

The results of this study show that most experts of this industry believe that careful execution of
design and engineering activities is the key to project success. In fact, the engineering phase have
been ranked the first in this study, drawing our attention to the importance of design and planning at
the outset of the project, so that the failure of many industrial and executive projects in the Petroleum
industry and energy sector can be attributed to poor design and planning [59]. Financial interests
generally play the most important role in initiating a project in various industries, which is shared
among all project stakeholders. This accelerates project start-up without estimating the appropriate
and accurate volumes and values. Therefore, in this case, the success of the project may turn into a
failure of the project.

Table 5 shows that the engineering phase of EPC projects has a leading role in project
efficiency, and accurate performance of engineering activities in different stages can ensure the
success of the project. Also, the construction phase is more important than the procurement and
supply of goods phase in Energy and Petroleum industry EPC projects.

Table 5. Ranking of EPC steps and their impact on project efficiency.

EPC Phases NC ND NCD Rank
Engineering 0.7050 0.6963 0.7006 1
Procurement 0.5863 0.5288 0.5575 3
Construction 0.6350 0.5588 0.5969 2

6. Conclusions

With regard to the set criteria, most EPC project contractors involved in this study, as well as
consulting engineers, executives, and employers believe that careful planning in design and
engineering and careful planning in preparing engineering documents should be undertaken during
the engineering phase in order to prevent project deficiencies and deviation from project goals. In
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addition, the careful planning and control of the project in implementation during the construction
phase and the care in ordering, manufacturing, purchasing and delivery of goods in accordance with
the specifications required by the project during the procurement phase will improve the efficiency
of EPC projects.

The results of this study can be applied to all project stakeholders, including Petroleum and
energy employers, planners, contractors, consulting engineers and companies related to Energy and
Petroleum industry, especially the National Iranian Oil Company, the National Iranian South Oil
Company and the National Iranian Oil Refining and Distribution and all companies involved in the
implementation of EPC projects in the Energy and Petroleum industry in all countries, because they
create more quantitative and computational indexes and standards for project productivity, while
measuring, comparing, and modifying progress over time by setting goals. Employers can also assign
the projects to the qualified contractors based on their previous productivity by utilizing the TOPSIS
indexes presented in this article and comparing the contractors at the bidding stage. The TOPSIS
technique according to the ranking of options and the ideal solution guides to the best choice and
provides a more realistic form of modeling for multi-attribute group decision-making, since it creates
a logical relationship among design and engineering activities, product procurement, construction,
and execution. This study focuses on the critical triangle of the project (cost, time, and scope)
because these factors are more tangible to project stakeholders for the evaluation of project success.
However, factors such as safety, sustainability and satisfaction can also be discussed as measures of
project success.

For the development of future research, factors such as safety, sustainability and satisfaction can
also be discussed as proposed measures to evaluate and rank risks and project changes.

Contflict of interest
The authors declare there are no conflicts of interest in this paper.
Reference

1. Kabirfar K, Mojtahed M (2019) The impact of Engineering, Procurement and Construction
(EPC) Phases on Project Performance. Buildings 9: 15.

2. Mahmoud A, Asghar F, Naoreen B, et al. (2014) ‘Success factors on research projects at
university’ an exploratory study. Procedia-Soc Behav Sci 116: 2779-2783.

3. Joslin R, Muller R (2016) The relationship between project governance and project success. Int J
Proj Manage 34: 613-626.

4. Martens M, Carvalho M (2017) Key factors of sustainability in project Management context: A
survey exploring the project Managers’ perspective. Int J Proj Manage 35: 1084—-1102.

5. Kenny C (2007) Construction, Corruption and Developing Countries. Policy; Research Working
Paper, No. WPS 4271; World Bank: Washington, DC, USA.

6. Zavadskas E, Vainiunas P, Turskis Z, et al. (2012) multiple criteria decision support system for’
assessment of projects Managers in construction. Int J Inf Technol Decis Making 23: 501-520.

7. Olanrewaju A, Abdul-Aziz A (2015) Building maintenance processes, principles, procedures,
practices and strategies. Build Maint Processes and Pract, 79—129.

AIMS Energy Volume 8, Issue 5, 918-934.



932

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

Neyestani B, Juanzon J (2016) Developing an Appropriate Performance Measurement
Framework for Total Quality Management in Construction, and Other Industries; University
Library of Munich: Munich, Germany.

Oakland J, Marosszeky M (2017) Total Construction Management: Lean Quality in
Construction Project Delivery; Routledge: Abington, UK.

Gudiene N, Banaitis A, Podvezko V, et al. (2014) Identification and evaluation of the critical
success factors for construction projects in Lithuania: Ahp approach. J Civ Eng Manage 20:
350-359.

Lin G, Shen G (2011) Identification of key performance indicators for measuring the
performance of value Management studies in construction. J Construct Eng Manage, 698—706.
Masoudnejad M, Rayati M, Gholampour S, et al. (2018) Developing a model for improving the
productivity and energy production of small-scale power plants using the physical asset
management model in a fuzzy environment. AIMS Energy 6: 1009-1024.

Tommelein I (2015) Journey toward lean construction: Pursuing a paradigm shift in the aec
industry. J Construct Eng Manage, 141-150.

Ogunde A, Joshua O, Amusan L, et al. (2017) Project Management a panacea to improving the
performance of construction project. Int J Civ Eng Technol 8: 1234-1242.

Sears K, Sears G, Clough R, et al. (2015) Construction Project Management; John Wiley & Sons:
Hoboken, NJ, USA.

Hanseth O, Lyytinen K (2016) Design theory for dynamic complexity in information
infrastructures: The case of building internet. Enacting Res Methods Inf Syst, 104—142.

Peter W, Morris S, Jeffrey K, et al. (2011) The Oxford Handbook of Project Management. 15:
125-131.

Mir F, Pinnington A (2014) Exploring the value of project Management: Linking project
Management performance and project success. Int J Proj Manage 32: 202-217.

Gonzalez P, Gonzalez V, Molenaar K, et al. (2013) Analysis of causes of delay and time
performance in construction projects. J Construct Eng Manage 140: 401-427.

Zaini A, Adnan H, Che Haron R, et al. (2010) Contractors’ Approaches to risk management at
the construction phase in Malaysia. In Proceedings of the International Conference on
Construction Project Management (ICCPM), Chengdu, China, 1 December.

Zeng S, Ma H, Lin H, et al. (2015) Social responsibility of major infrastructure projects in china.
Int J Proj Manage 33: 537-548.

Davis K (2016) A method to measure success dimensions relating to individual stakeholder
groups. Int J Proj Manage 34: 480-493.

Ogunlana S (2010) Beyond the ‘iron triangle’: Stakeholder perception of key performance
indicators (kpis) for large-scale public sector development projects. Int J Proj Manage 28: 228-236.
Chou J, Irawan N, Pham A (2013) Project Management knowledge of construction professionals:
Cross-country study of effects on project success. J Construct Eng Manage 139.

Demirkesen S, Ozorhon B (2017) Impact of integration Management on construction project
Management performance. Int J Proj Manage 35: 1639-1654.

Lo T, Fung W, Tung K, et al. (2017) Construction delays in Hong Kong civil engineering proje.
Arditi D, Nayak S, Damci A (2017) Effect of organizational culture on delay in construction. Int
J Proj Manage 35: 136-147.

AIMS Energy Volume 8, Issue 5, 918-934.



933

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44,

45.

46.

47.

48.

Olawale Y, Sun M (2010) Cost and time control of construction projects: Inhibiting factors and
mitigating measures in practice. Construct Manage Econ 28: 509-526.

Mubarak S (2015) Construction Project Scheduling and Control; John Wiley & Sons: Hoboken,
NIJ, USA.

Tonchia S, Industrial Project Management. Springer: Berlin, Germany, 2018. Available from:
https: //link.springer.com/book/10.1007%2F978-3-662-56328-1#authorsandaffiliationsbook.
Darvik L, Larsson J (2010) The Impact of Material Delivery-Deviations on Costs and
Performance in Construction Projects. Master’s Thesis, Chalmers University of Technology,
Goteborg, Sweden.

Jollands S, Akroyd C, Sawabe N, et al. (2015) Core values as a Management control in the
construction of ‘sustainable development’. Qual Res Account Manage 12: 127-152.

Jiang H, Lin P, Qiang M, et al. (2015) A labor consumption measurement system based on real-
time tracking technology for dam construction site. Autom Construct 52: 1-15.

Gamil Y, Rahman I (2018) Identification of causes and effects of poor communication in
construction industry: A theoretical review.

Subramani T, Sruthi P, Kavitha M, et al. (2014) Causes of cost overrun in construction. IOSR J
Eng 4: 1-7.

Gunduz M, Nielsen Y, Ozdemir M, et al. (2013) Fuzzy assessment model to estimate the
probability of delay in Turkish construction projects. J Manage Eng 31: 401-405.

Zou P, Zhang G (2009). Managing risks in construction projects: Life cycle and stakeholder
perspectives. Int J Construct Manage 9: 61-77.

Oshodi Olalekan S, Rimaka I (2013) A comparative study on causes and effects of delay in
nigerian and iranian construction projects. Asian J Bus Manage Sci 3: 29-36.

Minaie H (2013) Identifying Success Factor in Mass Buildings Construction; Tehran University:
Tehran, Iran.

Shokouhinia M (2010) Analysis of Success Factor in Aria-Petro-Gas Company; Tehran
University: Tehran, Iran.

Piran M (2010) Identifying Success Factor in Oil and Gas Project; Tehran University, Iran.
Abolhasani A (2012) Assessment of Success Factor in Construction Project; Tehran University:
Tehran, Iran.

Dalirpour A (2012) Analysis of Success Factor on the Project-Based Organization; Tehran
University: Tehran, Iran.

Doulabi R, Asnaashari E (2016) Identifying success factors of healthcare facility construction
projects in Iran. Proc Eng 164: 409-415.

Marmolejo Duarte C, Spairani Berrio S, Del Moral-Avila C, et al. (2020) The relevance of EPC
labels in the Spanish residential market: The perspective of real estate agents. Buildings, 10.

Pal R, Wang P, Liang X, et al. (2017) The critical factors in Managing relationships in
international engineering, procurement, and construction (iepc) projects of chinese organizations.
Int J Proj Manage 35: 1225-1237.

Meng X (2012) The effect of relationship Management on project performance in construction.
Int J Proj Manage 30: 188—198.

Ngacho C, Das D (2014) A performance evaluation framework of development projects: An
empirical study of constituency development fund (cdf) construction projects in Kenya. Int J
Proj Manage 32: 492-507.

AIMS Energy Volume 8, Issue 5, 918-934.



934

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Jang W, Hong H, Han S, et al. (2016) Optimal supply vendor selection model for Ing plant
projects using fuzzy-topsis theory. J Manage Eng 33: 04016035.

Abbaspour M, Toutounchian S, Dana T, et al. (2018) Environmental parametric cost model in
oil and gas epc contracts. Sustainability 10: 195.

Jato-Espino D, Castillo-Lopez E, Rodriguez J, et al. (2014) A review of application of multi-
criteria decision making, methods in construction. Autom Construct 45: 151-162.

Zavadskas E, Turskis Z, Kildiene S, et al. (2014) State of art surveys of overviews on
mcdm/madm methods. Technol Econ Dev Econ 20: 165-179.

Harish Garg N (2020) Algorithms for single-valued neutrosophic decision making based on
TOPSIS and clustering methods with new distance measure. AIMS Math 5: 2671-2693.

Adeleke A, Bahaudin A, Kamaruddeen A, et al. (2017) The Influence of Organizational External
Factors on Construction Risk Management in Nigerian Construction Companies, Safety and
Health at Work.

Xu Y, Chan A, Xia B, et al. (2015) Critical risk factors affecting the implementation of PPP
waste-to-energy projects in China. Appl Energy 158: 403—411.

Wang Y, Niu D, Xing M, et al. (2010) Risk management evaluation based on Elman neural
network for Power Plant Construction Project. Adv Intell Inf Database Syst, 315-324.
Ghoddousi P, Hosseini M (2012) A survey of the factors affecting the productivity of
construction projects in Iran. Technol Econ Dev Econ, 99-116.

Shaar K, Assaf S, Bambang T, et al. (2017) Design—construction interface problems in large
building construction projects. Int J Construct Manage 17: 238-250.

AlNasseri H, Aulin R (2015) Assessing understanding of planning and scheduling theory and
practice on construction projects. Eng Manage 27: 58-72.

@L © 2020 the Author(s), licensee AIMS Press. This is an open access

Al

=

MS AIMS Press article distributed under the terms of the Creative Commons

= Attribution License (http://creativecommons.org/licenses/by/4.0)

AIMS Energy Volume 8, Issue 5, 918-934.



