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Abstract

Engineering, Procurement, and Construction (EPC) projects are complex endeavors involving multiple stages,
stakeholders, and activities, which require coordination and management of various technical and non-technical
aspects. Literature has shown that EPC projects are also subject to various risks that could severely impact project
performance. This paper reviews the literature in regard to the critical success factors (CSFs) of EPC projects,
particularly in the fertilizer industry. CSFs are important for EPC projects as they determine the likelihood of the
project being successful. CSFs provide a roadmap and guidelines for project managers and stakeholders to follow and
ensure that the project is delivered on time, within budget, and to the expected quality. The objective of this paper is
to identify the CSFs of the EPC projects and to identify the potential for future research that could overcome the
project’s failure.
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1. Introduction

Construction projects are forced to improve their performance, and research is needed to understand the characteristics
of high-performing construction projects (Unterhitzenberger 2019). Traditionally construction projects involve
stakeholders such as owners, consultants, and contractors who all have different opinions and interests, but they all
strive to ensure the success of the project. The project success is measured a cost, schedule, and quality performance
output. Although previous research has mapped out the factors contributing to success and failure, project managers
still have difficulties achieving project success (Lindhard and Larsen 2016). Several variations of success and failure
factors can occur in different projects, so it is impossible to obtain universally applicable success or failure factors (Toor
and Ogunlana 2009).

Construction projects are often influenced by success factors that help the project team to achieve their goals as planned
or delay factors that can prevent or delay project completion (Salleh 2009). Construction project failures are
increasingly being reported worldwide and achieving construction project success is becoming very difficult in today's
turbulent environment (Susil 2015).
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Applying only the critical success factors or taking the necessary precautions to avoid critical delay factors during
construction may not be sufficient to assist the parties involved in the project to fulfil the contractual clauses. Studying
the correlation between critical success factors and critical delay factors, and examining the influence of the identified
critical success factors on each critical delay factor will directly explain which factors influence each other the most,

and assist contracting parties and investors in deciding which factor is the most appropriate to get attention (Alkhathami
2004; Salleh 2009).

Project success is an abstract concept and determining whether a project is successful is subjective and very complex
(Chan et.al. 2002), because there are many variables that can influence success, such as the internal organizational
context and the external environment in which a project is carried out (Papke-Shields et al. 2010). Many studies have
been conducted over the years to explore the factors that are critical to project success (Cooke 2002; Nicolini 2002;
Andersen 2006). Therefore, it is important for the project team to understand the factors that contribute to success early
in the project. After finding critical success factors, the next step is how these factors can help companies improve their
project management practices (Toor and Ogunlana 2008). Critical success factor (CSF) refers to a limited number of
areas where satisfactory results from that area will ensure successful performance for the organization. These are some
of the key areas where things have to go right for a business to thrive (Luu et al. 2008).

The Delays in construction projects is a global phenomenon and occurs in all types of projects (Aziz 2013; Sambasivan,
2006), which can add complexity especially in developing countries (Al-Momani 2000; Aziz, 2016; Mahdi 2019;
Mpofu, 2017). Despite much research on construction project delays, this timeless problem continues to disturb the
construction industry globally (Hui Yap 2020). These project delays can be avoided if we can understand and identify
the causes of these delays before project commencement and try to reduce gaps during the project life cycle (Akhtar,
2020). The aim of this kind of research is to contribute to the theory and practice of project management in the
construction industry by identifying the main causes and exploring the underlying causes of construction delays and
providing recommendations on mitigation measures to prevent delays from occurring (Arantes 2020).

Past academic research has also observed the importance of a structured approach to all stakeholders' identification,
prioritization, and involvement. The ability of project managers and teams to properly identify and engage all
stakeholders in an appropriate manner can determine project success and failure. To increase the chances of success,
the process of identifying stakeholders and their involvement should be started as soon as possible after the project
charter is approved, the project manager has been assigned and the team is formed (PMBOK 6th Edition 2017).

In the period 2010 to 2020, new fertilizer Engineering Procurement Construction (EPC) projects including its
supporting facilities were built in Indonesia. However, the phenomenon stated in previous literature above also occurred
in the fertilizer EPC project where in fact, 90% of EPC projects in the 2010-2020 period experienced delays and
difficulties resolved disputes with the contractors. This has caused a decline in the performance of the EPC project,
which disrupted the company's strategic plans and affected its ability to provide domestic fertilizer commodities that
could threaten national food security. It is necessary to find critical success factors that can prevent the occurrence of
critical delay factors and find the key stakeholders so that appropriate steps can be taken. This paper will review relevant
literature to identify success factors that can prevent delays in fertilizer EPC projects The objectives of this paper are
two folds: (1) to identify relevant issues from literature combined with preliminary empirical facts and (2) to identify
research opportunities dealing with the EPC project performance. The rest of the paper is structured as follows: the next
section explains the methodology of this review followed by the results and discussion. The summary and research
opportunities are then identified and the last section.

2. Review Methodology

This paper applies a qualitative method initiated by collecting data from empirical facts in the Fertilizer EPC
fertilizer project in Indonesia and previous research related to empirical facts. Then the data obtained is analyzed so
that empirical gaps and theoretical mapping can be determined. The last is by synthesizing the gap between the
empirical problems and the theoretical problems (research opportunities) so the research problem is obtained. The
review methodology flow of this research is shown in Figure 1 below.
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Figure 1. Review Methodology

3. Results and Discussion

One of the data collected in this research is through a study of the previous research (literature review). It defines and
describes project delay factors, success factors, and stakeholders as identified in the previous research that correlated
to empirical fact. A literature review provides a comprehensive overview of literature related to a theme/theory/method
and synthesizes prior studies to strengthen the foundation of knowledge. One of the important goals of a literature
review is to identify key research gaps based on what constructs, theories, and methods are widely applied in different
settings and in what contexts (industry as well as country) studies have been carried out (Paul 2020).

3.1 Project performance effect to delay factors, success factors, and stakeholders’ engagement

Project performance is a multidimensional construct (Chipulu et al. 2014). Important dimensions are cost, time, and
quality objectives which are also known as the iron triangle (Jha & Iyer 2007). The performance of cost and time is
usually measured by the percentage deviation from the initial plan, whereas the performance of quality is usually
measured regarding compliance with contractual agreements and technical standards (Tabish & Jha 2012).

Delay affects the performance of the cost and time of the project. Assessing the frequency of delay, the extent to which
the delay may occur, and who is responsible for the delay can provide insights into early planning to control these
factors and improve project performance. After the identification of delays, conclusions and recommendations to help
mitigate such delays are detailed. We can’t eliminate the total delay but we can minimize the delay activities affecting
the project (Shaikh 2010).

Ogwueleka (2011) success factors that affect project performance are inputs to management that can lead directly or
indirectly to project success. Based on the result, objective management, management of design, technical factors, top
management support, and risk management were selected as the most critical success factors which influence project
performance. The findings are focused to assist practitioners to gain a better understanding of the key areas based on
prioritized success factors in order to improve performance in project delivery.

Stakeholder involvement plays an important and critical role in project performance (Magassouba 2019). Harold
(2003) found that stakeholder involvement affects project goals during the planning phase, resource allocation, task
specification, and, in turn, project performance.

3.2 Delay Factors

Assaf and Al-Hejji (2006) defines delay as the exceeded time either outside the completion date specified in the
contract or outside the agreed date of the parties for project completion. Delays in the construction industry are a
“universal” phenomenon and have become typical of project construction (Sambasivan 2007; Sweis 2008).

Research related to the delay in completion time has been carried out across the world from developed countries such
as the USA (Baldwin 1971) and the UK (Sullivan 1986). Then it was also carried out in developing countries such
as Turkey (Arditi, 1985), Nigeria (Mansfield 1994), Saudi Arabia (Assaf and Al-Hejji 2006), Thailand (Ogunlana,
1996), Indonesia (Kaming, 1997) and Hong Kong (Chan and Kumaraswamy 1997).

Then when observed from the type of project, research like it can be classified as construction projects, rise building
projects, public projects. highway construction (infrastructure project). (Chan and Kumaraswamy 1997; Kaming,
1997; Noulmanee 1999; Al-Momani 2000), oil & gas/petrochemical (Kaming 2019; Akhtar 2020)

Although construction projects around the world have similar characteristics, some characteristics still remain very
country-specific (Olawale 2010). Therefore, Mpofu (2017) argues that the delay factor is country-specific and
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influenced by socioeconomic and cultural backgrounds. Zidane (2018) states that the factors causing delays differ
between countries for various reasons (e.g. project type, project context, political situation, government policy,
environment, work culture, management style, construction method, geographical conditions, stakeholders, economic
situation, researcher perspective. , etc.)

In 2006, Assaf and Al-Hejji conducted a time performance survey of various types of construction projects to
determine the causes of delays and their importance according to each project participant group consisting of 15
owners, 19 consultants, and 23 contractors. They identified seventy-three causes of delays and arranges the factors
that cause delays which are grouped into eight.

Huiyap (2020) conducted a meta-analysis of 52 common causes of delays identified from a literature review, and the
20 most cited causes were categorized by linkage to owners, contractors, consultants, labor, equipment, and others. A
field survey was conducted to obtain the views of 148 Malaysian construction practitioners from a respondent group
consisting of owners, consultants, and contractors. These causes are prioritized according to an index of importance
that integrates the frequency and severity indices, identifying five main causes such as lack of proper planning and
scheduling, too many change requests by clients, lack of competence from field management and supervision, lack of
competence from sub-contractors and financial problems.

Kaming (2019) conducted a study that aims to analyze the factors that influence the causes of delays in LNG
construction projects in Indonesia. Data was collected using a survey method by distributing questionnaires to
respondents representing experts in LNG construction contractors. The grouping of variables was applied by factor
analysis, then the resulting factors and project delays are analyzed for their relationship with Structural Equation
Modeling (SEM). The results of this study produce seven factors that affect the delay in the EPC contract on the LNG
project. These factors are human resources; management; material; external; equipment factory; method; quality.
From the results of the SEM analysis, a model is generated to analyze the delay in EPC LNG projects in Indonesia
Aziz (2016) studied the list of causes of delays in construction projects collected from the literature which has different
types of construction, different countries, different periods, and the number of causes of delays and different groups
of delays. Individual questionnaires and interviews collected the 293 causes of tardiness on which this paper is based.
The questionnaire survey was distributed to 500 construction participants and returned as many as 389 people
representing consultants, contractors, and site/design engineers excluding owners who represent the government in
road projects as one party. The value of the Relative Importance Index (RII) is calculated and based on the highest
value the top twenty are determined as the twenty causes of delays in construction projects in Egypt

3.3 Characteristics of Fertilizer EPC Projects in Indonesia’s

The fertilizer industry is incorporated in the Indonesian fertilizer holding company is a state-owned company that
influences how subsidiaries conduct their EPC projects. In general, the project delivery type implemented in the
fertilizer industry is Design and Built (DB) where the design and construction of the project are conducted by one
party, so the contractor's responsibility is clear. The researcher observes that there are two characteristics that
contribute to the delay in the EPC project, namely the slowness of management decisions regarding change orders and
the procurement method being the single stage with the lowest bid.

Several previous studies related to slow management decisions consisting of slow decision-making or revising and
approving design documents conducted by the Owner as the one of critical delay factors that cause delays in many
projects were carried out by Aibinu (2006), Albogamy (2012) and Doloi et.al. (2012).

In DB projects, the selection of appropriate procurement methods is critical to the success of the project. The four
main procurement methods consist of low-bid, best-value, qualification-based, and single-bidder (Molenaar et al.
2010). Due to the DB contract combining design and construction under one umbrella contract, project owners
typically expect that DB contractors will provide the best value and not just the lowest price (Palaneeswaran and
Kumaraswamy 2000). Molenaar et al. (1998) compared the time and cost performance of DB projects using a one-
stage procurement method with the lowest bid, two stages with the best value, and qualifications, finding that the two-
step with the best value is the procurement method that has the least cost and time growth, followed by a one-step,
low-bidding, qualification-based procurement method. The main reason for improving performance in two-stage
procurement at the best value is that the scope of work using this procurement method is usually well-defined, with
about 35% of the design provided in the request for proposals. In other words, the possibility of disputes in
understanding the articles in the EPC contract and project specifications in the one-step procurement is large.
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3.4 Success Factors

Success, as a subjective term, depends on the perspective of those who measure it (Iyer and Jha, 2005). The definition
of success often changes from project to project (Parfitt and Sanvido 1993), traditionally, success is defined as the
extent to which project goals and expectations are met. It has to be viewed from multiple individual perspectives and
objectives related to various elements, including technical, financial, educational, social, and professional issues
(Parfitt and Sanvido 1993; Lim and Mohamed 1999).

Toor and Ogunlana (2008) observe that most studies of CSFs for construction projects are context specific. The
specific implications of the study of success factors are therefore limited to the countries and cultures in which these
studies have been conducted. Therefore, it is important for the project team to understand the factors that will lead to
success at the start of the project. Having established the existence of critical success factors, the next step is to look
at how these factors can help companies improve their project management practices

Yong (2013) although extensive research has been conducted on critical success factors/CSFs for construction
projects, few of this research contains information specific to the local context. While several local studies have been
carried out within the confines of the same research, an increasingly important factor in the literature, namely human-
related factors, has not received much attention. Therefore, the main objective of this study is to gain a new
understanding of the emerging trends of CSFs being considered by various stakeholders in the local construction
industry. This was achieved through a comparative study of 48 construction stakeholders in Malaysia classified into
three categories, namely developers, consultants, and contractors.

Banihashemi (2017) looks at critical success factors (CSFs) that influence the integration of sustainability into
construction project management practices in developing countries. CSFs related to the triple bottom line/TBL
sustainability consisting of environmental, social, and economic were identified through a comprehensive literature
review. The 332 factors identified cover various areas related to sustainability in the construction industry and project
management

Tabish (2011) through an extensive literature review, 36 success attributes were identified and a questionnaire-based
survey was conducted to obtain the views of professionals on these success attributes. Responses from 105
professionals with an average of 22 years of experience in public construction projects in India were collected and
analyzed. Factor analysis yielded four success factors: awareness of and compliance with rules and regulations; pre-
project planning and scope clarity; effective partnerships among project participants; and external monitoring and
control

3.5 Stakeholders

Every project has stakeholders who are impacted by or can impact the project in a positive or negative way. Some
stakeholders may have a limited ability to influence the project’s work or outcomes; others may have a significant
influence on the project and its expected outcomes (PMBOK 6th Edition 2017). Freeman's classical definition defines
a stakeholder as any group or individual who can influence or be affected by the achievement of organizational goals
(Freeman, 1984). The main issue in stakeholder theory is identifying salient stakeholders, i.e. knowing who and what
is really important (Freeman, 1994). In the 1990s and 2000s, the CSF framework began to develop and the recognition
of involvement from internal and external stakeholders began. In the 21st century, the definition of project success
has evolved to focus more on stakeholders with project success depending on the project life cycle (short-term goals)
and not on the broader organization (long-term goals) ( Turner and Zolin 2012).

There are three main stakeholders involved in every construction project whose performance plays an important role
in determining the success of the project. These stakeholders include project contractors whose task is to carry out
construction in accordance with technical specifications, management and contracts; project owner, a company
appointed as the owner of a government-funded construction project which procures construction contractor through
bidding/tender and assumes financial and other responsibilities relevant to the project; project management consultant,
who takes on technical, organizational and human responsibilities as well as the responsibility of controlling the
project from time, cost and quality and safety point of view (Zanjirchi 2012).

3.6 Empirical Data
The preliminary study of several fertilizer EPC projects in Indonesia in 2010-2020 which experienced delays reflects
those identified in the literature. The preliminary observation show that common problems that cause delays related
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to contractors were delays in engineering work, poor financial conditions, standard documents from Chinese
contractors that do not match project specifications, lack of technician skills that cause rework, lack of competence
and experience of engineers/designers, poor storage of equipment in the field, late arrival of materials, low productivity
of local workers. Then those related to the owner were determining the project duration too short, clauses in the
contract and project specifications that have multiple interpretations, decisions related to slow change orders,
acquisition costs 80% below OE, lessons learned that do not reach the next project team and lack of subsurface data.
The last one related to external parties/factors were extreme rainy weather, social disturbances, and long licensing
processes from local authorities.

Besides the problems of delays as above, the researcher also observed several things that contributed to the success of
the project, especially those related to the owner, namely having a tender document template and its completeness,
support from top management, implementation of best practice in safety and environmental, the tender process
complies with the principles of openness and transparency. fairness, support from the government, implementation of
quality control and quality assurance, competent project managers and project team members, collection of lessons
learned from previous projects, implementation of risk management, and implementation of good project control and
monitoring.

Then efforts to increase the involvement of key stakeholders have also been carried out by providing regular reports,
being responsive to the direction of management, keeping relations with external parties, CSR, complying with local
government regulations, etc.

The status of the fertilizer industry in Indonesia is under the fertilizer holding company which is a state-owned
company that has characteristics such as slow management in making decisions, the form of the contract is Design &
Build / Lumpsum Turn Key (LSTK), and uses a one-stage auction method with two covers and determines the winner
of the auction for the bidder with the lowest bid was suspected to contribute to the delay in the EPC project.
Meanwhile, the role of the key stakeholders has not been maximally involved as a determining factor for the success
of the EPC project. This empirical fact has been suspected led to a decline in the performance of Fertilizer EPC projects
in the last ten years, where which has adversely affected the performance of the fertilizer industry and disrupted the
company's strategic plans.

3.7 Empirical Gap Analysis

In preparing for EPC projects, the fertilizer industry has made plans by using references to the success of previous
projects. Good things or best practices that contributed to the success of previous projects have been implemented and
bad things or lessons learned that contributed to project delays have also been mitigated. Then the management of
stakeholders by optimizing their involvement from the beginning to the end of the project has been carried out.
However, the fact remains that there were delays in the EPC project, and the unsatisfied of some stakeholders was
observed.

3.8 Theoretical Mapping

Many previous studies have examined the factors that cause delays and contribute to the success of various types of
construction projects in various countries around the world that are carried out separately/individually. However, few
existing studies have synthesized success factors and delay factors to obtain critical success factors that can prevent
critical delay factors from occurring. In this paper, The same thing will be done but the key stakeholders who will
contribute to the success of the project will be obtained and the influence of the characteristics of fertilizer EPC
projects on project delays will also be examined. Figure 2 below shows the research gap or the position of this research
against existing ones.

© IEOM Society International 538



Proceedings of the International Conference on Industrial Engineering and Operations Management
Manila, Philippines, March 7-9, 2023

Success Factors
B1 Banihashemi (2017)
B2 Zakaria (2012)

B3 Tabish (2011)

B4 Ahadzie (2008)

B6 Pinto dan Prescott (1988)

Delay Factors

T1 Assaf dan Hejji (2006)
T2 Hoai (2008)
T3 Toor (2008)
T4 Oyegoke (2016)
T5 Huiyap (2020)

G iwet (2017)
T9 Kaming (2019)
T10 Pham (2016)

T11 Alhajri (2018)
T12 Aziz (2016)

T13 Razek (2008)
T14 Asuliman (2019)

Characteristi
Fertilizer EPQ

L1 Aibinu (2006)
L2 Albogamy (2011)

Stakeholders

S1 Davis (2014)
S2 Zanjirchi (2011)

L3 Bolo (2072 ecess Faors $3 Freeman (1994)
'O
L5 Lam (2013) M1 Salleh (2008)

M2 Alk

L6 Lestari, (2015) imi (2004)

Figure 2. The position of this research against existing ones on success factors and delay factors

4. Summary and Research Opportunities

The unidentified success factors, delay factors, and key stakeholders before starting the project are a problem and they
contribute to the declining EPC project performance in the fertilizer industry in Indonesia, and it has had a negative
impact on all parties involved in the project and potentially generated significant losses for all. Related to these
problems, this research investigates them in order to highlight the importance of the success factors that could prevent
or eliminate the delay factors. The research proposes that simply applying critical success factors or taking the
necessary precautions might not be enough to enable project partners to avoid critical delay factors during
construction. Further investigation to examine the correlation between the critical success and the critical delay factors
will allow contract parties and investors to determine which factors deserve the most attention. Then identify the key
stakeholders and engage them to support project success.

From this review, three research questions are identified, including:
— What are the real causes of delays in fertilizer EPC projects in Indonesia and are the characteristics of the
fertilizer EPC projects in Indonesia one of them?
—How does this critical delay factor correlate with the critical success factor in fertilizer EPC projects in
Indonesia?
— Who are the key stakeholders who have a significant influence on the critical success factor of the fertilizer
EPC project in Indonesia?

It is important to address these research questions in order to improve the performance of future fertilizer EPC projects
in Indonesia. Further research is needed to answer those research questions employing various research methodologies
such as quantitative, qualitative, and case studies methods.
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