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Abstract

Infrastructure development plays a crucial role in ensuring the sustainable economic
growth of a country. For instance, Indonesia saw a 29.532% rise in infrastruc-
ture investments between 2015 and 2019, showcasing their heavy investment in
infrastructure project. The Public Private Partnership (PPP) project in Indonesia
is a collaborative effort between the government and private entities to enhance
infrastructure project development. The Makassar-Parepare Railway Public Private
Partnership (PPP) project is an example of a national strategic project on trans-
portation sector, especially train transportation, which aims to improve the quality
of national infrastructure and connectivity. However, the project faces various risks
such as delays in determining the railway route and a lack of understanding of the
Government Contracting Agency (GCA/PJPK) regarding the PPP concept. In order
to ensure the success of this project, it is important to identify and manage these
risks effectively. Utilizing the likert scale, a literature review uncovered 29 relevant
risk factors, while the probability impact matrix (PIM) analysis aided in ranking the
18 main risks in the Makassar-Parepare Railway PPP project. This research can con-
tribute to the development of more effective risk management strategies for similar
infrastructure projects in the future.
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1 INTRODUCTION

A country’s economic growth is highly dependent on sustainable infrastructure development. This is becoming increasingly
relevant amidst countries’ efforts to meet basic needs, and Indonesia is no exception. According to a report by the Ministry of
National Development Planning (PPN), Indonesia is faced with a projected increase in infrastructure investment needs reaching
29.532%. Funds allocated for development in the 2015-2019 period from the Ministry of Finance reached IDR. 4,975.6 trillion,
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FIGURE 1 The Risk Analysis Research Methodology.

while the PPN Ministry’s estimate for the 2020-2024 period jumped to IDR 6,445 trillion. One of the government’s programs
to improve infrastructure and investment in Indonesia is a cooperation system project involving the private sector known as
Public Private Partnership (PPP). This increase in investment is the basis for the Indonesian government to improve the quality
of infrastructure in all its regions with a national strategic project program, one of which is the Makassar-Parepare Railway PPP
project in South Sulawesi. Central Agency of Statistics (BPS) data in the fourth quarter of 2020, the economy in Indonesia has
a significant imbalance between Eastern Indonesia and Western Indonesia, where Western Indonesia’s economy has reached
80.11%, while Eastern Indonesia, including Sulawesi, is still less than 20 percent. This gap causes the economy in Indonesia to
be unstable. Stable, sustainable economic growth in a country cannot be separated from the contribution of infrastructure [1]. The
result of the rapidly growing population in several districts of Makassar shows the potential of the Makassar-Parepare Railway
PPP Project, which is needed to reduce the burden of goods transportation on the West Sulawesi National Road by 20-30% by
2045 [2]. Even though this project is directly aimed at overcoming transportation problems, it also has a significant positive impact
on strengthening national connectivity. In addition, but the government is also considering this project. The Makassar Railway
PPP project has economic advantages in transportation in terms of cost and better punctuality compared to roads, highways,
and toll roads [2]. This project applies a project scheme, namely Design Build Finance Operate Maintain (DBFOM). In this
scheme, the government can give authority to private parties to be responsible for the design stage through to the maintenance
and operation of railway facilities and infrastructure during the term of the contract. As a result, the project is considered
economically feasible, but it is not financially feasible if it is fully operated by the private sector, so government support for
this project is through Availability Payment (AP) for 17 years after construction is completed [3, 4]. Projects with the Public
Private Partnership (PPP) scheme in Indonesia are described as long-term investments with planning, preparation, transaction,
and maintenance stages for 20-30 years and involving many stakeholders in both the government and private sectors [4, 5]. As a
result of the complexity of PPP railway projects with long-term contracts, complicated financing processes, and project technical
characteristics in a dynamic project environment, bringing challenges such as the many risks that will become inhibiting factors
in the project [6, 7]. These risks include risks in infrastructure projects with a PPP system which refer to legal and contractual
regulations including immature government policies, laws, and regulations [8–10]. A recent study highlights the obstacles in
the project preparation process, especially related to the delayed determination of railway route alignments and the lack of
understanding of the Government Contracting Agency (GCA/PJPK) regarding the PPP concept [11]. In this context, the Makassar-
Parepare Railway PPP project has the potential to face various risks, emphasizing the need for effective risk management or risk
allocation to ensure project success and maintain sustainable relationships between the parties involved [6]. Different projects
might have specific risks and risk allocation as well. The specific risk depends on the condition and project characteristics.
The first step in risk allocation requires relevant risk identification. Therefore, this research aims to identify the dominant risk
factors in the Makassar-Parepare railway PPP project by conducting a comprehensive risk analysis. In this research, there are
two main stages of grouping: a literature review to identify relevant risks and a probability impact matrix (PIM) for risk ranking
analysis. Thus, this research seeks to contribute to the understanding of infrastructure risk management, especially in the context
of railway PPPs and can become a basis for improving risk management policies and practices in the future.
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2 PREVIOUS STUDIES

Several previous studies have discussed PPP in some sectors in various parts of the world. Some studies discussed risks identifi-
cation and unique challenges associated with implementing PPP projects. Some studies discussed risk identification and unique
challenges associated with implementing PPP projects. There are several studies explaining the identification of risk factors and
evaluating appropriate steps to handle risks in railway and other infrastructure projects by developing various decision support
tools [8], [12–17]. Previous study uses statistical analysis methods to examine PPP governance problems in Thailand and provide
solutions for improving governance in transportation PPP projects [10]. Another study examined how to share risks fairly for
several parties involved using the value for money (VfM) method in the Korea PPP Railway Project [18]. It should be noted that
using a risk matrix supporting tool to discuss evaluating the impact of costs can influence PPP project allocations [19]. According
to previous research suggestions, it is essential to conduct risk management analysis on PPP projects with varying conditions,
as stated in references [10], [17], [17], [19]. PT Penjaminan Infrastruktur Indonesia also states that they are currently carrying out
the first implementation of the Railway PPP Project in Indonesia [20]. The purpose of this research is to enhance the compre-
hension of risk associated with PPP (Public-Private Partnership) projects, offer further contributions to the existing literature,
and formulate an improved risk management strategy for future projects of the same nature. With the rapid expansion of PPP
implementation across different nations, this study is anticipated to provide valuable and practical insights.

3 METHOD

The flow diagram in Figure 1 presents how this research process was carried out. This research was divided into 2 main stages,
namely risk identification is conducted using literature review and risk variable ranking using the probability impact matrix
(PIM) analysis.

3.1 Risk Identification
For the first stage of the research, a literature review was conducted using indexed international journals in construction engi-
neering and management. The selection of these journals is generally used to conduct literature reviews and content analysis,
especially related to risk in construction engineering and management by different authors [6, 7]. The keywords used to search for
articles involve Public Private Partnership (PPP) projects or Public Private Partnership (PPP) infrastructure and Public Private
Partnership (PPP) railway projects. The search process was carried out using terms such as risk identification, risk assessment,
risk analysis, risk management, and risk allocation. The search was carried out using the title, abstract, and keywords (T/A/K)
in the search column in the search engine, with a limit of articles published from 2014 to 2023. From the selected articles, we
obtained a total of 11 articles. This table lists the 9 criteria and 38 sub-criteria involved in railway PPP projects. These criteria
include design and planning, location, finance, law, government regulations, politics, force majeure, construction implemen-
tation, operations, and maintenance, which were compiled from previous research to become variables in this research. These
risk variables were identified through a literature review and compiled in the main questionnaire. The questionnaire was dis-
tributed to respondents from both the railway operators and the government. As previously mentioned, the railway is operated
by a consortium of business entities, PT. Celebes Railway Indonesia (CRI). The government is represented by the directorate of
the Ministry of Transportation. This consortium has been tasked with designing and operating the Makassar-Parepare railway
PPP project. In order to be considered, respondents must have a minimum of three years of work experience in related agencies
and have been involved in PPP railway projects. There were three respondents in this study, namely PT CRI Main Management,
Operations & Maintenance Director, and Operations & Maintenance Manager. The results of the questionnaire were analyzed
to identify the dominant risk factors in the PPP railway project.
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TABLE 1 Risk Variables Identification Based on Literature Review

Code Criteria and Sub criteria Risk Reference
A Design and Planning
A1 Design variations [8], [12], [15]–[17], [20]
A2 Delay in revising design documents [15], [17]
A3 Misinterpretation of bid documents [15]
A4 Errors in revising reference design documents and drawings [15], [17]
A5 Inaccurate estimation of construction time and costs [8], [12], [15]–[18]
B Location
B1 Land acquisition/land clearance [8], [16], [17], [19], [20]
B2 Protection of historical and cultural artifacts [12], [20]
C Financial
C1 Fluctuations [8], [12], [13], [17], [18], [20]
C2 Replacement of private investors [8], [12], [17]
C3 Inflation [8], [10], [12], [17], [18], [20]
C4 Financial deficit [16], [17], [19]
C5 Macro-economic risk (foreign currency exchange) [17]
C6 Influential economic events [17]
D Legal
D1 Excessive contract variations [17]
E Government Regulation
E1 Unclear policies [8], [10], [12], [14], [16], [17]
E2 Tariff restrictions [17]
F Political
F1 Government corruption [12], [13], [17]
F2 Delay in project approvals and licenses [12], [13], [15]–[17]
F3 Lack of commitment to risk allocation [12], [13]
F4 Government reliability [10], [12], [13], [16], [17], [19]
F5 Government changes [17]
F6 Political interference [12], [13], [15], [17]
F7 Involvement in existing railway management companies [21]
G Force Majeure
G1 Force Majeure [8], [13], [17], [20]
H Construction Implementation
H1 Changes in route and rail structure design [12], [17], [19]
H2 Lack of experience in project type [12], [17], [19]
H3 Insufficient expertise [12], [17], [19]
H4 Non-compliance of implementation costs with planning [8], [16]
H5 Lack of communication [8], [14], [15]
H6 Quality management risk (quality defects) [14], [19]
H7 Delay in material supply [15], [19]
H8 Lack of health and safety at the workplace [16], [17]
H9 Long and complex completion phases [21]
I Operational and Maintenance
I1 Increased operational costs [12], [13], [16]–[19]
I2 High maintenance costs [12], [16], [17], [19]
I3 High market demand [16], [17]
I4 Inappropriate performance and maintenance [12], [13], [16]–[18], [20]
I5 Lack of supporting infrastructure [17], [19], [20]
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TABLE 2 Five-point scale

Score Scale Impact Probability
1 0–20% Very low impact Extremely ineffective
2 20–40% Low impact Ineffective
3 40–60% Moderate Moderately ineffective
4 60–80% High impact Very effective
5 80–100% Very high impact Extremely effective

TABLE 3 Risk Category

Risk Category Range Risk Significance
Very High (VH) 17–25
High (H) 13–16
Moderate (M) 9–12
Low (L) 5–8
Very Low (VL) 1–4

3.2 Risk Evaluation
In order to evaluate the risks associated with the railway PPP project, a variable evaluation is conducted using a questionnaire
research approach. A five-point scale is used to gauge the likelihood and impact of each risk factor. This scale helps to determine
the level of potential impact that each identified risk factor may have on the project. The questionnaire was distributed to five (5)
respondents who are part of the consortium of business entities and have a good understanding of the actual project conditions.
The second stage of the questionnaire aims to determine the level of influence that each risk factor may have on the railway
PPP project. The five-point scale is used to measure probability and impact Table 2 [21]. Meanwhile, the risk category can be
defined in Table 3 [22].

Once the respondents provide an assessment of each risk’s likelihood and its potential impact, the next step is to determine the
risk weight using the Probability Impact Matrix (PIM). To calculate the risk weight, you can use the formula [23], in line 1.

Risk score (R) = Probability (P) × Impact (I) (1)

Where:

R = Risk significance
P = Risk probability
I = Risk impact

4 RESULT AND DISCUSSION

The data analysis was based on main questionnaire distributed to respondents in this research. The results of the data analysis
will be the basis for conducting a comprehensive discussion of each criterion, by referring to related literature that discusses the
selection of sustainable business entities in global Government and Business Entity Cooperation (PPP) projects. The respondents
who filled out the questionnaire have more than 9 (nine) years of working experience in PPP infrastructure, of which three years
have been spent managing railway projects. The respondent also had an educational background in master’s degree. A total of
38 risks were identified based on a literature review. A literature review identified a total of 38 risks, and a questionnaire survey
was conducted to obtain values for the probability and impact of each risk variable. The results of the survey showed that out of
the 38 risks, 29 were relevant, and these risk factors are listed in Table 4 .
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TABLE 4 Result of Risk Analysis

Phase Code Criteria and Sub Criteria Risk Risk
Probability

Risk
Impact

Risk
Significance

Risk
Category Rank

Preparation

A Design and Planning
A1 Design variations 5,00 5,00 25,00 VH 1
A2 Delay in revising design documents 4,00 4,00 16,00 H 12
A3 Misinterpretation of bid documents 4,00 3,33 13,33 H 17
A4 Errors in revising reference design documents and

drawings
4,67 3,67 17,11 VH 11

B Location
B1 Land acquisition/land clearance 5,00 4,67 23,33 VH 2
B2 Protection of historical and cultural artifacts 1,67 1,33 2,22 VL 28
C Financial
C1 Fluctuations 4,33 3,67 15,89 H 13
C3 Inflation 4,33 4,33 18,78 VH 7
C5 Macro-economic risk (foreign currency exchange) 5,00 4,00 20,00 VH 6
C6 Influential economic events 4,00 3,67 14,67 H 15
C7 Changes in share portions 4,67 4,67 21,78 VH 3
C8 Late of financial close 4,33 4,00 17,33 VH 10
D Legal
D1 Excessive contract variations 5,00 3,67 18,33 VH 9
D2 Delay in availability payment (AP) acceptance 4,33 4,67 20,22 VH 5
E Government Regulation
E1 Unclear policies 2,33 2,33 5,44 L 26
F Politics
F7 Involvement in existing railway management com-

panies
4,67 3,33 15,56 H 14

G Force Majeure
G1 Force Majeure 5,00 4,33 21,67 VH 4

Construction

H Construction Implementation Risk
H1 Changes in route and rail structure design 4,67 4,00 18,67 VH 8
H2 Lack of experience in project type 4,00 2,33 9,33 M 24
H4 Non-compliance of implementation costs with

planning
3,33 3,33 11,11 M 20

H5 Lack of communication 3,67 2,67 9,78 M 23
H6 Quality management risk (quality defects) 3,67 3,00 11,00 M 21
H7 Delay in material supply 4,33 3,00 13,00 H 18
H8 Lack of health and safety at the workplace 4,33 3,33 14,44 H 16
H9 Long and complex completion phases 4,00 3,00 12,00 M 19

Operational
and

Maintenance

I Operational and Maintenance Risk
I1 Increased operational costs 1,67 1,00 1,67 VL 29
I2 High maintenance costs 3,33 3,00 10,00 M 22
I3 High market demand 2,67 2,33 6,22 L 25
I4 Inappropriate performance and maintenance 1,33 2,00 2,67 VL 27

Note: VH = Very High; H = High; M = Moderate; L = Low; VL = Very Low

A study stated that if the assessment score between two scales of agree or disagree exceeds 50%, then the score can be concluded
to agree with that indicator [24]. Based on Table 4 , each risk factor has a relevant score above 0.50, which is more than 50% of
the 29 risks in 9 major categories. The Makassar-Parepare Railway PPP Project comprises 3 stages: preparation, construction
implementation, and maintenance and operations. These stages have 9 major categories. Out of the 29 risks, 11 risks fall in the
very high-risk category, 8 risks in the high-risk category, 5 risks in the medium-risk category, 2 risks in the low-risk category,
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FIGURE 2 Risk Category Percentage.

and 3 risks in the very low-risk category. These risk categories are demonstrated in Figure 2 . According to project manage-
ment, the Makassar-Parepare Railway PPP Project has 3 stages: preparation, construction implementation, and maintenance and
operations. These stages have 9 major categories, out of which 7 categories have very high and high-risk ratings. These 7 major
categories are design and planning, location, financial, legal, political, force majeure, and construction implementation.

In all forms, risks always exist in every construction project, from design to operations, and cannot be eliminated [19]. However,
this can be overcame by analyzing the risk factors that influence everything. In implementing railway projects, there is a certain
level of difficulty, especially in this area of construction methods. Environmental conditions are the main focus in determining the
work methods to be used, where selecting the right work methods can reduce the risks of a railway project. Simple and effective
risk management is important to improve risk management level performance, reduce project risks, improve quality, and be able
to control the project effectively [25]. As can be seen in Figure 2 , the Makassar-Parepare PPP railway project has various risk
categories. From the results of the data analysis, the Very High-risk category is 38% of the total variables, and the High-risk is
28% of all the variables. The survey results showed that each risk is assigned a risk value based on its probability and impact.
Table 3 lists the top-ranked risks, which are considered very high-risk levels and are currently at the design and planning risk
preparation stage. Out of the 29 risk items, there are four risks that fall under the large and very large categories. These include
design variation with a risk value of 25, delay in revising design documents with a risk value of 16, misinterpretation of bid
documents with a risk value of 13.33, and error in revising reference design documents and drawings with a risk value of 17.11
The main management has explained that design variations and changes could lead to delays in the project. According to Reddy
and Sharma [26] explained that the quality of design and planning in a PPP project is one of the determining factors in the process
of success of the project. If the design and planning are inadequate it will cause additional costs for redesigning and carrying out
approvals repeatedly which can make the project late. It is important to consider land acquisition risk assessment when evaluating
location risk. In fact, this risk factor ranks second in the very high category on Table 4 with a risk value of 23.33 out of 29 risk
items. Respondents have reported that during the acquisition process, the project land becomes complicated due to resistance
from landowners or local communities. Therefore, it is crucial to implement careful and adaptive risk mitigation strategies to
ensure smooth land acquisition and overall success of the railway PPP project [26]. According to the survey results, the financial
risk assessment for the railway PPP project has been classified as "extreme" with an overall risk rating of "very high" and "high".
Table 4 depicts the value of these risks. Respondents have emphasized that due to the large number of parties involved in the PPP
project, financial risks must be taken into account. Previous studies have clarified that financial risks may arise due to ambiguous
financial transactions and conflicts between stakeholders in developing and operating PPP projects, resulting in bankruptcy or
decreased project income [27]. Even though financial risks have been resolved, financial problems in PPP projects still pose a
threat to project sustainability [28]. Recent findings show that PPP project managers can use the proposed maturity model as a
guide to study the primary sources of financial risk and develop appropriate measures to respond to them [29]. Sufficient training
and resources can be channeled into areas where financial risk management practices are weak to achieve project success.
According to the survey results, the process of allocating financial risk to the appropriate stakeholders is a step towards reducing
financial risk for one of the project partners [29]. According to risk assessment result, Table 4 shows that several sub-criteria
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for legal risk have very high-risk levels. In line with that, a well-structured legal framework can encourage the private sector
to enter into long-term agreements and support the resolution of any uncertainties [30]. Therefore, it is crucial to establish an
effective legal and regulatory basis by the country’s legal system to develop practical contract mechanisms for PPP projects [31].
The government needs to design a clear PPP strategy in development policy to communicate to interested parties and build on
PPP principles. With clear regulations or laws, it can reduce the level of legal risk in PPP projects. Changes in legislation can
create a legal framework, and these changes can have negative effects on a project [26]. Some studies also state that PPP success
depends on a stable political environment [32]. This is particularly important for developing countries, which often rely on foreign
investment through Public Private Partnerships (PPP) to fund infrastructure development. Private investors are not interested to
invest to the projects in countries where the political stability is unstable. In cases where private investors do invest despite the
political risks, they usually demand high rewards such as guarantees, discounts, or larger profit margins to compensate for these
risks However, the significance of managing the force majeure risk is that it can result in significant losses for private entities [33].
During the construction phase, there are potential risks associated with the implementation of construction. These risks can
lead to defects in the work, setbacks, and additional implementation costs [26]. Therefore, to minimize these risks, it is essential
to carefully select the business entities participating in the pre-qualification auction process [34]. The process of implementing
construction in railway Public-Private Partnership (PPP) projects involves various complex factors that can significantly impact
progress and results, making it a high-risk venture. Changes in track design and rail structure (H1) may lead to track changes
in several areas, resulting in changes in the scope of work. This necessitates a re-analysis of Capital Expenditure (CAPEX)
and Operating Expenditure (OPEX). Delays in the supply of construction materials (H7) can affect the quality and smoothness
of operations, while inadequate implementation of occupational health and safety (H8) can increase the risk of accidents and
injuries. Previous research findings indicate that there are many obstacles in dealing with complex risk dynamics during the
construction implementation process [35]. Therefore, appropriate risk management during the construction implementation phase
is crucial to minimize potential impacts and increase overall project success.

5 CONCLUSION

Improving infrastructure in Indonesia, especially in mass transportation, is crucial for promoting long-term economic growth.
Improved transportation systems are essential to enable people to move freely across regions for their daily activities. To expedite
infrastructure development in Indonesia, one example is the railway PPP Project in Makassar-Parepare. The project has three
stages: preparation, construction, and operations and maintenance, each with its own set of risks. Therefore, risk management
is necessary to ensure that the cooperation is implemented without causing potential losses to the government and business
entities. This paper examines risk values based on probability and risk impact in the railway PPP project in Makassar-Parepare,
Indonesia. The study identified 38 risk factors through in-depth literature reviews to determine risk variables in the infrastructure
railway PPP project. Out of the 38 risk factors, 29 relevant risk factors were found in nine broad categories, namely design and
planning, location, financial, legal, government regulation, political, force majeure, construction implementation, operational,
and maintenance. Risk factors were assessed based on two criteria: probability and impact. The top risks were very high at 38
percent and high risk at 28 percent of the total. According to the results of the risk significance index scores, the following risks
were found to be significant: design variation (25), land acquisition/land clearance (23.33), changes in share portions (21.78),
force majeure (21.67), delay in availability payment (AP) acceptance (20.22), macro-economic risk (20), inflation (18.78),
changes in route and rail structure design (18.67), excessive contract variations (18.33), late financial close (17.33), errors
in revising reference design documents and drawings (17.11), delay in revising design documents (16), fluctuations (15.89),
involvement in existing railway management companies (15.56), influential economic events (14.67), lack of health and safety at
the workplace (14.44), misinterpretation of bid documents (13.33), and delay in material supply (13.00). These findings provide
a comprehensive understanding of potential risks in PPP railway projects in the region, which could contribute positively to the
development of effective risk management strategies for the future in Indonesia.
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