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Abstract: Over the past decade, there has been significant growth in the literature addressing risk
issues associated with Public–Private Partnerships (PPPs). However, few studies have attempted to
comprehensively map and visualize research in this domain. This study aims to fill this gap through
a systematic literature review conducted in four stages, utilizing knowledge mapping analysis. More
than 400 peer-reviewed articles published between 1990 and September 2023 were examined, making
this study the first to analyze such a substantial sample of papers in this field. The research identifies
three distinct phases of growth trends in PPP risk management studies. To minimize arbitrariness
and subjectivity in analyzing research focuses, this study employed a scientometric approach using
VOSviewer software (version 1.6.19), which provides insights into the current state and trends
of research on PPP risk management, including high-frequency keywords, contributions of core
authors, and distribution across countries, regions, institutions, and journals. In addition to the
scientometric analysis, a qualitative review identified six primary research interests, various research
perspectives, and diverse methodologies present within the literature. Based on these findings, this
study culminates in the development of a conceptual model for risk management in PPPs, offering
a structured framework for future research and practical application. This study contributes to
the literature by providing the first large-scale, comprehensive mapping and analysis of PPP risk
management research, presenting a novel conceptual model that connects theoretical insights with
practical implications, and highlighting key areas for future exploration.

Keywords: PPPs; risk management; VOSviewer; visualization research

1. Introduction

Public–Private Partnerships (PPPs) are broadly defined as cooperative arrangements
between public and private entities that share resources, risks, responsibilities, and rewards
to achieve mutual social, economic, or environmental objectives [1,2]. This approach
serves as a crucial procurement strategy aimed at delivering public assets or services
more efficiently through contractual relationships [3,4]. In the implementation of PPP
projects, a wide variety of types, structures, solutions, and strategies exist [5]. Based on
the extent of private sector involvement, PPP projects can be categorized into several
types, including Build–Operate–Transfer (BOT), Design–Build–Finance–Operate (DBFO),
Build–Own–Operate–Transfer (BOOT), and Build–Own–Operate (BOO), among others [1,6].
The application of these models can vary significantly from country to country. Despite
the diverse development of PPP types across different nations, several core elements
remain consistent: (1) the involvement of two or more participants, including at least one
public sector entity; (2) an enduring and relational partnership; (3) contributions of skills,
knowledge, or other resources; (4) shared responsibilities and risks among the participants;
and (5) a framework contract that ensures continuity and supports the partnership [6].

The PPP model is increasingly being adopted worldwide [7], establishing itself as a
pivotal tool for delivering modern, sustainable, and reliable infrastructure and services to a
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broader population [8]. It offers numerous advantages to the public and private sectors,
as well as other stakeholders [1]. For instance, public governments can leverage private
investment and expertise to provide high-quality facilities and services while sharing risks
and responsibilities [1,9,10]. However, unlike straightforward construction projects, PPP
projects involve a higher degree of complexity and risk. This complexity arises from the
involvement of multiple stakeholders, intricate contract structures, substantial financial in-
vestments, extended franchise periods, and cumbersome operational procedures [1,11–14].
In addition to the typical risks associated with general projects, PPP projects exhibit unique
characteristics such as diversity, complexity, varying stages, and a dynamic nature [11].

Lu and Lu define risk as the possibility of adverse outcomes [15]. Essentially, risk
pertains to the consequences of uncertainty [16]. It typically encompasses two fundamental
components: the likelihood of occurrence and the impact on objectives. The consequences
of risk can manifest as either opportunities or threats, potentially resulting in a loss of the
desired outcome [17]. In the context of projects, risk is primarily perceived as a potential
threat that can lead to project loss if risk events materialize or as a negative factor that may
affect the entire project process. Given that every project is exposed to various risks, these
can lead to cost overruns, schedule delays, or even project failure [18]. Risks are inherent to
all projects [19]. In this regard, systematic risk management (RM) is essential for achieving
project objectives and ensuring successful outcomes [1,8,20].

Systematic risk management generally involves three main steps: (1) risk identifica-
tion, which entails recognizing the risks that could potentially affect the project; (2) risk
assessment, which involves evaluating both the likelihood of these risks occurring and their
potential impact on the project; and (3) risk response, which includes developing strategies
to address the identified risks [1,17]. In the context of PPP projects, risks and responsibilities
are shared between the public sector and private partners [21]. Consequently, considerable
attention must also be given to risk allocation. A fair and reasonable risk allocation scheme
facilitates smooth contract negotiations and helps minimize disputes during the concession
period [22].

Given the critical role of risk management in PPP development, research papers
on this topic are essential for both researchers and practitioners [23]. Consequently, a
comprehensive literature map that encompasses a wide range of publications on risk
management in PPPs is invaluable. It enables a swift and thorough understanding of
progress and developments in the field, highlights existing gaps, and identifies potential
areas for future research.

2. Literature Review

The rapid expansion of PPP applications, coupled with their unique risk characteristics,
has resulted in a significant surge in research interest over the past two decades. This trend
has led to a marked increase in the number of published articles, as well as a diversification
of research topics, domains, and methodologies [24].

Le et al. conducted a qualitative analysis of 72 relevant articles using NVivo software,
identifying 86 unique risks associated with transportation PPP projects. These risks were
classified according to the phase of the project lifecycle in which they are likely to occur [8].
Akomea-Frimpong et al. performed a systematic analysis of 49 relevant publications
retrieved from the Scopus search engine, classifying and assessing the financial risks
of PPP projects using techniques such as Monte Carlo simulation (MCS), Net Present
Value (NPV), and Internal Rate of Return (IRR). They proposed a series of measures to
mitigate the financial risks associated with PPP projects [25]. Rybnicek et al. analyzed 159
articles published in international journals, identifying eight major risk factors in PPPs.
Their analysis provided a cross-sectoral understanding of risks in PPPs and connected the
research findings with the current risk management framework [1].

Tallaki and Bracci conducted a systematic literature review of publications from 1999
to 2018, focusing on risk and risk management in PPPs. They identified six emerging
themes: risk definition and types; value for money (VFM) and risk; risk sharing, allocation,
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and transfer; financial risks; the contractualization and renegotiation of risk; and risk
management and governance [14]. Similarly, Rasheed et al. employed a PRISMA flowchart
to provide a comprehensive overview of research concerning risk identification, assessment,
and allocation in PPPs from 1996 to 2021. Their findings indicated a shift in focus from
overall risk identification and assessment to a more detailed analysis of individual risks [18].

Research on RM-PPP has been highly productive, yielding significant contributions
from each study. However, many existing studies depend on subjective judgments to
evaluate the current state and trends in the field, often with a limited scope of literature. To
address potential misunderstandings and misinterpretations, an objective review of the
scientific literature on PPP is essential for accurately assessing the current state of research
and identifying emerging trends [24]. This study aims to provide an objective review of the
literature on PPP by utilizing bibliometric analysis, followed by science mapping methods
as outlined by Tijssen and van Raan [26] and Cobo et al. [27]. Based on the analysis results,
a conceptual model has been developed. Bibliometric analysis offers an objective and
quantitative examination of bibliographic material, serving as a valuable tool for organizing
information within a specific field. To date, limited reviews have comprehensively linked
risk management in PPP across various industries and sectors using a holistic approach
that integrates bibliometric analysis, science mapping, and qualitative analysis. This
gap represents a significant and underexplored research opportunity, particularly given
the ongoing expansion and increasing sophistication of the PPP market across different
jurisdictions and sectors [14,28].

Developing such a model would be valuable for both the research community and
practical applications [23,29]. To address this gap, the study focuses on three key objectives:

(1) To examine publication trends in RM-PPP through a bibliometric analysis of existing
research, focusing on the annual output within the RM-PPP field;

(2) To investigate the main contributions of RM-PPP by employing science mapping
techniques on a selected literature sample, which includes analyzing and summarizing
keywords, leading scholars, countries/regions, institutions, and journal distributions;

(3) To develop a conceptual model that combines risk management with the foundational
aspects of PPPs, offering insights to guide future RM-PPP research and enhance
current practices.

This study is expected to illuminate key research topics and future directions, thereby
advancing the development of RM-PPP. Following this section, Section 3 will present
the research methodology, detailing the research design and instruments employed to
achieve the research objectives. This will be followed by a comprehensive analysis of the
results. Finally, the paper will discuss and conclude with the proposed conceptual model, a
summary of research contributions, and suggestions for future research directions.

3. Methodology

The intent of this study is to develop a conceptual model for RM-PPP. To ensure the
results of this study are reliable and valid, a bibliometric analysis combined with science
mapping was implemented as the foundation for visualizing the up-to-date knowledge on
RM-PPP. By minimizing the subjectivity often associated with such studies, bibliometric
analysis offers an objective and quantitative examination of bibliographic material, making
it a valuable tool for organizing information within a specific field [30,31]. Science mapping
functions as a bibliometric method for examining and extracting insights from scientific
output [32]. The framework of this study is illustrated in Figure 1, and the overall flow is
divided into four distinct stages.
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Figure 1. Research framework of this study.

3.1. Stage 1: Searching and Selecting Articles

In the first stage, relevant articles were searched and selected using electronic databases.
In this review, the Scopus engine was chosen as the main source of information to access
a wealth of specialized and influential literature. Compared to other databases, such as
Web of Science and Google Scholar, Scopus offers the largest collection of peer-reviewed
abstracts and citations, and it has published the most articles with high reliability. Moreover,
Scopus provides broader coverage than both PubMed and Web of Science. Furthermore,
Scopus has been the most commonly used database for previous review articles in the field
of project management and risk management in construction [8,19,23,33].

After determining the database, keywords were developed based on the research
aim and questions. In this review, comprehensive keywords used to search for target
articles included “public private partnership”, “public-private partnerships”, “build op-
erate transfer”, “build-operate-transfer”, “private finance initiative”, “transfer operate
transfer”, “build own operate”, “build own operate transfer”, “build transfer operate”,
“reconstruct operate transfer”, “PFI”, “PPP”, and “BOT.” Given that this study aims to
discuss the risk issues associated with PPP projects, the term “risk” was also included in
the title. Ultimately, a total of 757 articles were retrieved using the specified search terms
at this stage. Following the initial sampling, document classification was refined through
a primary screening phase. The subject areas were limited to “Business, Management,
and Accounting”, “Engineering”, “Social Science”, “Environmental Science”, “Economics,
Econometrics, and Finance”, “Decision Sciences”, and “Energy”. Only English-language
journal articles were included in this study, while reviews, books, editorials, and conference
proceedings were excluded. At the conclusion of this process, 422 records were selected for
further analysis.
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3.2. Stage 2: Visual Inspection

Despite the search criteria implemented in Stage 1, some irrelevant publications may
still appear in the results—those that match the keywords but do not address risk issues in
PPP projects. Therefore, in this stage, the filtering process was refined by closely examining
the titles and abstracts of the selected papers. All duplicates were removed, and irrelevant
articles were excluded. This process resulted in a total of 416 papers containing high-
quality content for subsequent analysis. The final distribution of papers related to RM-PPP
in the Scopus database is shown in Figure 2. It is evident that the development of risk
management research in PPPs can be divided into three distinct stages. The first is the initial
stage from 1990 to 2001. During this period, research related to RM-PPP was relatively
sparse, which can be attributed to the fact that the concept of PPP was just emerging, with
its implementation limited to a few developed countries and regions. Research on PPP
was in its early exploratory phase. The second stage is the growth phase from 2002 to
2016. In this period, there was a general upward trend in RM-PPP research, although the
development was not entirely stable. For instance, in 2004, only two papers related to risk
management were published, with noticeable declines in publication numbers between
2005–2007 and 2012–2014. The third stage is the exponential growth phase from 2017 to
the present. Since 2017, the growth in research has been nearly exponential, indicating a
significant increase in academic interest in RM-PPP. This trend suggests that RM-PPP is
an important and evolving research area that continues to garner attention and is likely
to see further development. These findings highlight the increasing academic awareness
of risk issues in the PPP field and underscore the ongoing importance of RM-PPP as a
research topic.
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Figure 2. Number of papers published yearly and cumulative from 1990 to 4 September 2023.

3.3. Stage 3: Bibliometric Analysis and Visualization

To analyze and provide a science mapping of the selected articles, VOSviewer software
was employed to visualize the current state of risk management in PPP projects. Developed
by Leiden University in the Netherlands, VOSviewer is a specialized computer program
designed for creating, displaying, and investigating bibliometric networks [34,35]. This
software is capable of analyzing various types of textual data and generating structured
maps in several formats, including label view, density view, cluster density view, and scatter
view [36,37]. VOSviewer is particularly useful for examining a large volume of items in
detail, allowing for comprehensive analysis and visualization of bibliometric data [37].

In recent years, VOSviewer has gained widespread recognition used as a scientometric
analysis tool due to its capacity to deliver more objective and reliable analyses [38,39]. It
is also applied in the field of project management [3,38]. In this research, VOSviewer was
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utilized to map the collaboration networks of keywords, authors, countries or regions, affil-
iations, and journal co-citations. Following the bibliometric analysis and science mapping,
a qualitative review was conducted to summarize the current research focus areas in risk
management related to PPPs. This process provided a comprehensive understanding of
the primary research trends within the PPP domain and facilitated the identification of
prevalent issues and gaps in the field.

3.4. Stage 4: Synthesizing

Finally, by synthesizing the results of the bibliometric and qualitative analyses, a
conceptual model is proposed to help guide future research on the RM-PPP topic.

4. Results
4.1. Science Mapping Analysis
4.1.1. Co-Occurrence Network of Keywords

Keywords serve as fundamental elements of a paper, offering a concise representation
of the topic within the literature [3]. Analyzing frequently occurring keywords is a common
method for identifying trending themes within a research domain [40]. A cluster of key-
words provides insight into the knowledge landscape by illustrating patterns, connections,
and the intellectual structure of the research field. In this study, 416 articles published
between 1990 and 2023 were analyzed, resulting in a total of 1510 extracted keywords.
Among these, 96 keywords had a frequency greater than five. Common keywords such as
“public-private partnership”, “PPP”, “project”, and “BOT” were excluded from the analysis
as they represent core themes and are not the focus of this study. Additionally, keywords
with similar meanings, such as “risk” and “risk factors” or “fuzzy set” and “fuzzy set
theory” were consolidated. Keywords unrelated to the subject matter, such as “article” and
“selection”, were also removed. After these adjustments, 61 high-frequency keywords re-
mained. The network of co-occurring keywords was visualized using VOSviewer software,
as illustrated in Figure 3. Based on the analysis, these 61 keywords were grouped into
six clusters.

(1) Risk allocation. Cluster #1, marked in cyan, focuses on risk allocation, risk identifi-
cation, and critical success factors related to infrastructure projects. As illustrated in
Figure 3, “risk allocation” emerges as a prominent topic within PPP research. The
PPP model has gained prominence as a widely utilized mechanism in both developed
and developing nations to bridge financial gaps and significantly assist governments
in advancing infrastructure development [41]. This cooperative framework hinges
on the effective sharing of risks between the public and private sectors [42]. Zhang
et al. emphasized that successful risk allocation is vital for the progression of PPP
projects [43]. Given the central role of risk allocation in PPPs, it is unsurprising that
it has become a key area of research. The keywords “risk allocation” and “critical
success factors” often appear together in studies, as appropriate risk allocation is
frequently identified as a critical success factor for the successful implementation of
PPP projects [44–46]. This indicates a strong correlation between these two concepts.

(2) Risk management. Cluster #2, marked in blue, addresses topics such as risk man-
agement, value for money, sustainability, financial aspects, and procurement. Inad-
equate risk management is a major cause of distress or failure in PPP projects [47].
Consequently, effective risk management is therefore crucial [48] and has garnered
substantial attention in the literature. Beyond technical aspects, there is an increasing
emphasis on the managerial aspects of risk management [49].
The keywords “value for money” and “risk management” are often discussed together
due to their close relationship. “Value for money” refers to the optimal combination
of whole-life costs, benefits, risks, and quality to fulfill user requirements and achieve
the best outcome at the lowest price [50]. This concept is a critical criterion for the
adoption of PPP procurement, and Kušljić and Marenjak have noted that a PPP project
is considered successful if it delivers value for money [51]. Additionally, procurement
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is also a key success factor for PPP projects [52]. Thus, risk management, value for
money, and procurement are vital concerns and significant issues within the context
of PPPs.
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(3) Risk assessment. Cluster #3, highlighted in green, focuses on risk assessment, risk
analysis, risk mitigation, and government guarantees. Risk assessment involves mea-
suring the potential impact or losses resulting from risk events within a project [53].
It is a crucial component of risk management, as a thorough understanding of risk
influences is essential for effective risk mitigation [54]. However, risk assessment is
complex and requires analysis from multiple perspectives [55]. Monte Carlo simu-
lation (MCS) is a commonly used method for evaluating risk. For example, Allahi
et al. employed Monte Carlo simulation to perform a stochastic quantitative analysis
of risk, determining the probability distribution of contingency costs and the level
of risk coverage for PPP projects [56]. Similarly, Kokkaew and Tongthong utilized
Monte Carlo simulation and the risk premium method to propose a framework for
calculating the contract duration of PPP projects [57].
The keywords “risk mitigation” and “government guarantees” are closely intercon-
nected, which is why they were grouped together in this cluster. Carbonara et al.
identified the Minimum Revenue Guarantee (MRG) as a key risk mitigation strategy
employed by governments to support private investors [58]. This mechanism serves
as an optimal incentive to encourage investors to contribute more effectively during
the partnership and to mitigate moral hazard [59].
The keywords “toll road”, “highway projects”, and “energy” represent sectors that
have frequently been the focus of PPP research. Among these, toll roads have attracted
the most research interest [4]. Consequently, it is understandable that the keyword
“toll road” appears frequently in the literature.

(4) Risk, risk ranking and risk perception, and project performance. Cluster #4 is marked
in red. This cluster mainly deals with risk and risk perception across various countries
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and project sectors. Each PPP project entails numerous risks and uncertainties owing
to the large investments and long concession period [60]. In light of this fact, there is a
strong need to identify and rank the risks associated with PPP projects to improve
risk allocation and proactive risk management [61,62]. Meanwhile, exploring risks
and risk perception across projects from different perspectives can help to achieve
better project performance [62]. This explains the high frequency of the keywords
“risk”, “risk ranking”, “risk perception”, and “performance”.

(5) Models, framework, and China. Cluster #5, marked in purple, focuses on research
methods and geographic regions, particularly China, within the RM-PPP field. Schol-
ars frequently employ methods such as “models”, “frameworks”, and “fuzzy synthetic
evaluation” to study risk management in PPP projects. For instance, Yang and Tan
used the fuzzy evaluation method to calculate the center of gravity values and es-
tablished a tripartite static game model based on risk preferences for high-speed rail
PPP projects [63]. Xianhao et al. developed a financial sustainability risk model for
large-scale regional integrated development PPP projects aimed at achieving financial
sustainability [64]. Wu et al. proposed a risk assessment framework for seawater-
pumped hydro storage PPP projects in China, utilizing a cloud model [65].
The frequent occurrence of the keyword “China” is expected, given the significant
increase in PPP utilization for infrastructure development, which has been actively
promoted by the Chinese central government [29]. According to the China Public–
Private Partnership Centre (CPPPC), since 2014, a total of 1036 projects have been
planned with investments amounting to CNY 8168 billion [66]. Furthermore, China
has produced the highest number of publications on PPP in recent decades [29]. The
high frequency of water-related projects also highlights their prominence within the
PPP sector [4].

(6) Construction projects, project management, factor analysis, AHP, and decision-making.
Cluster #6, marked in yellow, focuses on “Construction Projects” as a key topic, fre-
quently appearing in past studies. This prominence is likely due to the integral role
construction plays in every PPP project, with construction companies often being
central stakeholders. As a result, the term “construction projects” is sometimes used
interchangeably with “PPP construction projects.” In these projects, conducting thor-
ough risk identification and analyzing the factors that could impact the project is
crucial in reducing government decision-making errors [53]. Su et al. further demon-
strated that the risk environment and the interaction process significantly influence
participants’ decision-making [67]. Moreover, methodologies such as “factor analy-
sis”, “AHP”, and “game theory” are extensively applied in research related to risk
management in PPP.

4.1.2. Co-Authorship Network Analysis

The most productive scholars and their research collaborations, as visualized in
VOSviewer, are presented in Figure 4. Scientific collaboration networks are vital for en-
hancing research outcomes in multiple ways, including access to funding, specialized
knowledge, increased productivity, and reduced isolation [3,23,68]. These networks create
a collaborative and supportive research environment that can accelerate scientific progress
and innovation [68]. In this study, 1148 authors were identified from the 416 literature sam-
ples. By setting a minimum threshold of three publications and 40 citations, 51 scholars met
the criteria. Table 1 provides detailed information, including the number of publications
and citations for these authors. It is important to note that only the top 30 most productive
authors, with an average publication year range from 2012 to 2018, are listed in Table 1.
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Chan A.P.C. ranks at the top of the list in risk management within the field of PPP,
with the highest number of articles published (26) and the most total citations (1930).
However, his average citation per article is not the highest. The second author with the
most total citations is Ke Yongjian, who has garnered 1062 citations. Notably, Ke Yongjian
also boasts the highest average citation rate, with 132.75 citations per article. Yeung John
F.Y. has a relatively high average citation count, just behind Ke Yongjian. Although Yeung
J.F.Y. has published only five papers, which is significantly fewer than Chan A.P.C., his
average citation count is higher than that of Chan A.P.C. Generally, authors with a larger
number of published papers tend to have a greater influence on the field and a higher
contribution value.

Researchers have long recognized the importance of enhancing collaborations within
the research field to consistently boost productivity during the collaborative process.
Figure 4 illustrates the leading authors and their collaborative connections, utilizing differ-
ent colors for nodes, varying node sizes, and lines to connect the authors. This visualization
aids in identifying the most influential authors within each cluster.

Cluster #1, marked in yellow, is led by Chan Albert P. C., who is the most contributive
author in RM-PPP and has the strongest collaborative relationship with Osei-Kyei Robert
and Ameyaw Ernest Effah. Chan Albert P. C. also collaborates with five different research
groups. Cluster #2, marked in purple, consists of Ke Yongjian, Wang Shouqing, and Garvin
Michael J. Other research groups include Cluster #3 in green, featuring Martek Igor, Chen
Chuan, and Aibinu Ajibade A.; Cluster #4 in red; and Cluster #5 in blue. The network of
collaborating authors indicates that academic cooperation between scholars across different
countries has become more extensive with the advancement of information technology.
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Table 1. Top 30 production authors.

Item Author TP TC AC TLS

1 Chan, Albert P. C. 26 1930 74.23 42
2 Wang, Shouqing 10 1195 119.50 20
3 Chen, Chuan 8 180 22.50 14
4 Ke, Yongjian 8 1062 132.75 19
5 Yuan, Jingfeng 8 141 17.63 13
6 Liu, Yong 6 134 22.33 9
7 Skibniewski, Miroslaw J. 6 146 24.33 13
8 Aladag, Hande 5 89 17.80 5
9 Isik, Zeynep 5 89 17.80 5
10 Li, Yan 5 102 20.40 4
11 Osei-kyei, Robert 5 72 14.40 2
12 Valipour, Alireza 5 174 34.80 9
13 Xia, Bo 5 138 27.60 9
14 Xu, Yelin 5 527 105.40 14
15 Yahaya, Nordin 5 171 34.20 8
16 Yeung, John F. Y. 5 659 131.80 14
17 Zou, Patrick X. W. 5 117 23.40 3
18 Almarri, Khalid 4 45 11.25 0
19 Ameyaw, Ernest Effah 4 167 41.75 4
20 Bilal, Muhammad 4 61 15.25 0
21 Demirag, Istemi 4 157 39.25 3
22 Garvin, Michael J. 4 86 21.50 1
23 Li, Jie 4 114 28.50 2
24 Li, Qiming 4 52 13.00 7
25 Sarvari, Hadi 4 143 35.75 6
26 Wang, Xinyu 4 102 25.50 4
27 Wu, Yunna 4 230 57.50 9
28 Zhang, Guomin 4 157 39.25 1
29 Aibinu, Ajibade A. 3 151 50.33 11
30 Burke, Richard 3 100 33.33 3

Note: TP refers to the number of total publications; TC refers to the number of total citations; AC means average
citation; TLS means total links strength.

4.1.3. Collaboration Network of Countries/Regions Analysis

A country’s influence on the global RM-PPP research community can be assessed
using metrics such as total link strength, the number of journal articles published, and
total citations. In a manner similar to the analysis conducted for authors, an analysis of
the countries actively involved in RM-PPP research was also performed. Over the past
few decades, at least 61 countries or regions have shown significant research interest in the
topic of risk management for PPP. Figure 5 illustrates the research collaboration among
different countries or regions through joint publications, where the size of the frames and
the thickness of the links correspond to the number of papers published and co-published.
It can be inferred that China, Australia, the USA, and England have made substantial
contributions to the field of risk management in PPP research. Furthermore, there is notable
collaboration between developed and developing countries.

Table 2 summarizes the detailed quantitative measurements of the top 10 countries
or regions engaged in RM-PPP research, including metrics such as publications, citations,
and total link strength. China distinguishes itself as the most prolific country in RM-PPP
research, leading in both the number of published papers and total citations. In addition
to China, the USA, Australia, and England also exhibit strong performance in RM-PPP
studies. Furthermore, several developing countries, including Iran, India, and Malaysia,
have actively contributed to RM-PPP research, demonstrating notable success in this field
as well.
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Table 2. Top 10 productive countries/regions.

Item Country/Region TP TC Avg. Citations Total Link Strength

1 Peoples r China 247 3867 15.66 55
2 USA 56 885 15.80 36
3 Australia 50 1289 25.78 34
4 England 32 487 15.22 22
5 Iran 19 259 13.63 7
6 India 15 275 18.33 4
7 Singapore 14 987 70.50 8
8 Italy 12 252 21.00 4
9 Malaysia 11 212 19.27 8
10 Taiwan 11 401 36.45 10

4.1.4. Collaboration Network of Institutions Analysis

This section focuses on identifying the contributions of various affiliations in PPP
risk management. The VOSviewer software was employed for scientific mapping. By
establishing a minimum threshold of three papers per organization and a minimum citation
count of 30, a total of 50 out of 508 affiliations met these criteria. Figure 6 illustrates the
contributions and collaborations of research institutions related to RM-PPP. The associated
information, including affiliation, country or region, total link strength, number of papers,
and total and average citations for the top 20 most productive organizations, is summarized
in Table 3.

Based on the lines and circles of the nodes, it can be inferred that institutions such
as Hong Kong Polytechnic University, Southeast University, Sichuan University, and Ts-
inghua University have made significant contributions to the research on RM-PPP. Among
these, Hong Kong Polytechnic University is particularly noteworthy, exhibiting the largest
node size, having contributed the most papers (27) and receiving the highest number of
citations (1970). Following closely is Tsinghua University from mainland China, which has
accumulated a total of 1211 citations.
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Table 3. Top 20 productive institutions.

Item Organization Source TP TC Average Citation Total Link Strength

1 Hong Kong Polytech Univ Hong Kong 27 1970 72.96 858
2 Southeast Univ Mainland China 22 675 30.68 424
3 Sichuan Univ Mainland China 16 195 12.19 236
4 Tsinghua Univ Mainland China 13 1211 93.15 532
5 Islamic Azad Univ Iran 11 101 9.18 117
6 Deakin Univ Australia 10 459 45.90 212
7 Wuhan Univ Technol Mainland China 10 38 3.80 42
8 Nanyang Technol Univ Singapore 9 354 39.33 157
9 Zhejiang SCI Tech Univ Mainland China 9 201 22.33 258

10 North China Elect Power Univ Mainland China 8 306 38.25 113
11 Tongji Univ Mainland China 8 182 22.75 130
12 Univ Melbourne Australia 8 203 25.38 135
13 Harbin Inst technol Mainland China 7 100 14.29 33
14 Univ Maryland USA 7 154 22.00 171
15 Coventry Univ England 6 94 15.67 76
16 Nanjing Forestry Univ Mainland China 6 123 20.50 84
17 Southwest Jiaotong Univ Mainland China 6 72 12.00 29
18 Univ Tehran Iran 6 168 28.00 111
19 Univ Teknol Malaysia Malaysia 6 177 29.50 155
20 Chongqing Univ Mainland China 5 57 11.40 95

The clusters and connection lines illustrate varying degrees of collaboration among
affiliations. For instance, Hong Kong Polytechnic University demonstrates a robust aca-
demic partnership with Southeast University. These active organizations encompass both
developed nations, including Hong Kong, the U.K., Singapore, and Australia, as well
as developing countries such as China, Iran, and Malaysia. This extensive engagement
indicates that risk management in PPPs has attracted significant research interest from both
developed and developing nations.
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4.1.5. Collaboration Network of Journal Distribution Analysis

Publications related to RM-PPP are sourced from a variety of journals spanning diverse
knowledge domains. This section aims to identify the distribution of journals in RM-PPP
research. Due to the absence of a standard principle for setting thresholds, the minimum
number of articles and citations were determined based on the selected publications [69].
In this review, journals were selected with a minimum of three articles and 30 citations,
resulting in 309 sources, with 20 journals meeting these criteria. The network visualization
shown in Figure 7 depicts the distribution of these journals across various research domains,
including construction engineering, civil engineering, sustainability, and cleaner production.
The analysis reveals a relatively strong co-citation relationship among different journals
in RM-PPP research. For example, the Journal of Construction Engineering and Management
demonstrates a co-citation relationship with the International Journal of Project Management.
This indicates that RM-PPP has garnered significant interest from researchers across a range
of fields.
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In alignment with link strength, the number of publications, and total citations, the de-
tails of the top 15 productive journals are summarized in Table 4. Among these, the Journal
of Construction Engineering and Management is the most productive, with 19 publications in
the field of RM-PPP, although it does not have the highest number of citations. The most
influential journal in this field is the International Journal of Project Management, which leads
in citations with a total of 1189 and an average citation count of 118 per article.
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Table 4. Top 15 productive journals.

Item Journal TP TC AC TLS IF (2022) IF (5 Years) BQ

1 Journal of Construction Engineering and Management 19 799 42.05 150 5.1 5.6 Q1
2 Sustainability (Switzerland) 13 172 13.23 118 3.9 4 Q2

3 Engineering Construction and Architectural Management 12 101 8.42 96 4.1 4.5 Q2
4 International Journal of Project Management 10 1189 118.90 159 8 10.2 Q1
5 Journal of Infrastructure Systems 9 430 47.78 97 3.3 3.3 Q2
6 Journal of Management in Engineering 9 432 48.00 94 7.4 7.4 Q1
7 International Journal of Strategic Property Management 7 166 23.71 52 2.7 2.6 Q3
8 Journal of Civil Engineering and Management 6 178 29.67 62 4.3 4 Q1
9 Advances in Civil Engineering 5 40 8.00 47 1.8 2 Q3

10 Journal of Cleaner Production 5 352 70.40 55 11.1 11 Q1
11 Built Environment Project and Asset Management 4 41 10.25 8 2.2 2.2 Q3

12 Journal of Construction Engineering and
Management-asce 4 345 86.25 41 5.1 5.6 Q1

13 Transport Policy 4 209 52.25 34 6.8 6.2 Q1
14 Construction Innovation 3 44 14.67 22 3.3 3.8 Q2
15 Transport Reviews 3 127 42.33 20 9.8 11.3 Q1

Note: TP means total publications; TC means total citations; AC means average citation; TLS means total link
strength; IF (2022) means the impact factor in the year 2022; IF (5 years) is 5-year impact factor; BQ means
best quartile.

4.2. Qualitative Analysis of Literature Review for the Selected Papers

Following the analysis based on science mapping, a literature review was conducted
to further explore the research topic, perspectives, and approaches related to RM-PPP.

4.2.1. Analysis of Research Topic

The risks associated with PPP projects are numerous and difficult to manage [70].
A closer examination of the selected papers revealed six primary research topics in PPP
projects, each categorized as follows:

T1. Risk support: risk perception, risk relationship, risk decision-making, risk preparation;
T2. Risk identification: residual value risk identification, significant risk factors;
T3. Risk assessment: risk analysis, risk evaluation;
T4. Risk allocation: risk allocation, preferred risk allocation, risk sharing;
T5. Risk response: risk governance, risk reduction, risk mitigation, risk alleviation,

risk control;
T6. Integrated risk management.
Figure 8 summarizes the primary research topic in Public–Private Partnership (PPP)

risk management. It can be inferred that the research theme predominantly focuses on risk
assessment, which constitutes 41.12% of the selected literature sample. However, there has
been comparatively less attention given to the aspects of risk response. Seminal works on
risk response, which aim to enhance the effectiveness of PPP risk management, should be
addressed.
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Based on the principles of risk management in PPP, the relationship between the six
topics described in Figure 9 is crucial. Topic 1 serves as a foundational element for the entire
risk management process. Topic 2 lays the groundwork for Topic 3, which involves the
assessment of identified risks. This assessment leads to the reasonable allocation of risks
between the public and private sectors according to established criteria. Finally, effective
measures are implemented to respond to the identified risks.

Sustainability 2024, 16, x FOR PEER REVIEW 15 of 23 
 

 
Figure 8. Summary of the main research topic in RM-PPP. 

Based on the principles of risk management in PPP, the relationship between the six 
topics described in Figure 9 is crucial. Topic 1 serves as a foundational element for the 
entire risk management process. Topic 2 lays the groundwork for Topic 3, which involves 
the assessment of identified risks. This assessment leads to the reasonable allocation of 
risks between the public and private sectors according to established criteria. Finally, ef-
fective measures are implemented to respond to the identified risks. 

 
Figure 9. The relationship among research topics. 

4.2.2. Analysis of Research Perspective 
The analysis of the literature sample reveals that numerous researchers have exam-

ined risk issues in Public–Private Partnerships (PPP) from various perspectives, including 
those of financiers, investors, contractors, private sector participants, and local govern-
ments. Additionally, broader disciplinary viewpoints have been explored. For instance, 
Festa et al. identified the risks and opportunities for small and medium enterprises en-
gaged in PPP projects from a business management perspective [71]. 

As indicated in Table 5, there has been a noticeable increase in recent years in the 
study of risk management from these diverse perspectives. This trend is likely attributable 
to the complexity of PPP projects, which often involve multiple partners and the expecta-
tion of transferring a significant amount of risk from the public to the private sector [70]. 
Investigating risk issues from different angles provides more precise guidelines and a 
deeper understanding of risk management in PPP projects, thereby enhancing their like-
lihood of success. Consequently, it is anticipated that future studies will increasingly focus 
on PPP risk issues across various project sectors and research topics. Furthermore, there 
exists a gap in comparative studies from different perspectives, which could be addressed 
to fulfill this research need. 

4%

8%

41%
23%

8%

15%

1%
T1: Risk support

T2: Risk identification

T3: Risk assessment

T4: Risk allocation

T5: Risk response

T6: Risk management

others

Figure 9. The relationship among research topics.

4.2.2. Analysis of Research Perspective

The analysis of the literature sample reveals that numerous researchers have examined
risk issues in Public–Private Partnerships (PPP) from various perspectives, including those
of financiers, investors, contractors, private sector participants, and local governments.
Additionally, broader disciplinary viewpoints have been explored. For instance, Festa et al.
identified the risks and opportunities for small and medium enterprises engaged in PPP
projects from a business management perspective [71].

As indicated in Table 5, there has been a noticeable increase in recent years in the study
of risk management from these diverse perspectives. This trend is likely attributable to the
complexity of PPP projects, which often involve multiple partners and the expectation of
transferring a significant amount of risk from the public to the private sector [70]. Inves-
tigating risk issues from different angles provides more precise guidelines and a deeper
understanding of risk management in PPP projects, thereby enhancing their likelihood of
success. Consequently, it is anticipated that future studies will increasingly focus on PPP
risk issues across various project sectors and research topics. Furthermore, there exists a
gap in comparative studies from different perspectives, which could be addressed to fulfill
this research need.

Table 5. Various research perspectives in PPP risk management.

Authors Main Topic Research Perspective

[72] Risk analysis From the perspective of financiers
[73] Risk assessment and allocation From the perspective of investors
[74] Risk allocation From the perspective of contractors
[71] Risk identification From a business management perspective
[75] Risk analysis From the perspective of social welfare
[76] Risk analysis From the perspective of local governments
[77] risk supervision From the perspective of synergies
[78] Risk analysis From the perspective of network
[79] Risk analysis From the perspective of a social network
[80] Risk allocation From the perspective of the individual participant
[81] Risk analysis From an institutional perspective
[82] Risk analysis From the perspective of private sector
[83] Risk analysis From the stakeholder perspective
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4.2.3. Analysis of Research Approach

In addition to the commonly employed risk management methods, such as case stud-
ies, questionnaire surveys, and interviews, previous research has investigated a variety of
more complex and robust techniques for assessing and allocating risks in PPP projects. Ex-
amples of these advanced research methods utilized in PPP risk management are presented
in Table 6.

Table 6. Various research methods used in RM-PPP.

Research Method Main Topic Project Sector

Bargaining game mode Risk allocation PPP + EPC sewage treatment project
Fuzzy probabilistic approach Risk assessment BOT toll roads

Social network analysis Risk analysis Water Purification and Sewage Treatment Project
DEMATEL method Risk identification Sponge City PPP projects
Gray fuzzy theory Risk evaluation Water conservancy

A SWARA-COPRAS approach Risk allocation Water and sewerage
Fuzzy TOPSIS Risk evaluation Electric vehicle charging

Fuzzy synthetic evaluation Risk analysis Water supply projects
A fuzzy analytic network process Risk assessment Freeway PPP

A game theory Risk allocation Transport projects

However, it has been observed that most of these novel techniques are concentrated
on risk assessment. In reality, every aspect of risk management is crucial for the success
of PPP projects [84]. Research approaches for risk identification and risk response, in
particular, remain relatively underdeveloped. Therefore, it is recommended that more
effective research methods for risk identification and risk response be developed in the
future, tailored to specific project types, sector characteristics, and project contexts.

5. Discussion and Conclusions

This study employs a scientometric approach to analyze the existing literature on risk
management in PPPs. The research is dedicated to (1) examining publication trends in
RM-PPP through a bibliometric analysis of existing research, focusing on the annual output
within the RM-PPP field; (2) investigating the main contributions in RM-PPP by employing
science mapping techniques on a selected literature sample, which includes analyzing
and summarizing keywords, leading scholars, countries/regions, institutions, and journal
distributions; and (3) developing a conceptual model that combines risk management with
the foundational aspects of PPPs, offering insights to guide future RM-PPP research and
enhance current practices.

Based on the four research stages illustrated in Figure 1, this study employed a com-
prehensive approach that integrates bibliometric analysis, science mapping, and qualitative
analysis across 416 journal papers collected from the Scopus database, published between
1990 and September 2023. Science mapping was used to examine keywords, identify the
most productive researchers, and analyze the contributions of countries or regions, journals,
and institutions that have significantly impacted RM-PPP. Unlike other methods, the scien-
tometric analysis employed in this study minimizes arbitrariness and avoids the artificial
bias that can arise from handling large volumes of bibliometric data [24,85]. This is due
to the fact that scientometric analysis is a quantitative research technique that facilitates
the visualization of extensive bibliometric data. Recently, this scientific approach has been
applied to the PPP field [3,38]. Following the science mapping, a further qualitative analysis
of the selected RM-PPP literature provided insights into the research topics, perspectives,
and methodologies applied in recent years.

An examination of annual publication trends reveals that RM-PPP-based studies
have experienced a steady increase over the past several decades, indicating three distinct
development stages. An analysis of the keywords, leading authors, institutions, and
countries or regions highlights the following:
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(1) The co-occurrence analysis of research keywords within the RM-PPP literature iden-
tifies six main clusters that represent the primary distribution of research in current
RM-PPP studies. These clusters are (1) risk allocation; (2) risk management; (3) risk
assessment; (4) risk, risk ranking, risk perception, and project performance; (5) models,
frameworks, and China; and (6) construction projects, project management, factor
analysis, AHP, and decision-making. These clusters illustrate the current distribution
of research efforts in RM-PPP, highlighting major topics of interest, methodologies
employed, regions studied, and the interconnections among various aspects of risk
management in PPP projects;

(2) Chan A. P. C. and the Hong Kong Polytechnic University are the most productive
author and institution in the field of PPP, particularly in the domain of risk manage-
ment [3]. The consistent productivity in both domains indicates a strong and focused
research interest in risk management within PPP projects;

(3) China leads in research on PPP, demonstrating the highest output in terms of the
number of published articles, citations, and total link strength. This suggests that a
significant portion of research in the realm of RM-PPP is concentrated on projects
within China or incorporates Chinese case studies;

(4) The categorization of research into various topics, including risk support, identifi-
cation, assessment, allocation, response, and integrated management, underscores
the complexity of risks in PPP projects. Each category addresses a unique aspect of
risk management, highlighting the inadequacy of a singular approach. Therefore, a
comprehensive strategy is essential, beginning with risk identification and evalua-
tion, advancing through allocation and mitigation, and ultimately culminating in an
integrated risk management framework;

(5) Examining various research perspectives on RM-PPP reveals the complexity, diversity,
and interdependence of projects and stakeholders. This multidimensional approach
facilitates the development of more comprehensive and sustainable PPP risk manage-
ment strategies, ensuring a balanced consideration of interests and contributing to the
successful implementation of projects;

(6) In recent years, there has been an increasing emphasis on the application of quantita-
tive approaches, such as the Analytic Hierarchy Process (AHP) and various models
in risk management. This trend reflects the complexity and multifaceted nature of
risks, necessitating sophisticated and systematic methods for effective analysis and
management.

Risk management is a critical factor in the success of PPP projects [86], spanning
the entire project lifecycle, from initiation and planning to implementation and operation.
Effective risk management not only facilitates the identification and mitigation of potential
challenges but also fosters smooth collaboration between the public and private sectors,
ultimately achieving the project’s objectives. Based on the analysis and considerations
presented, a conceptual model has been developed (see Figure 10) to enhance the under-
standing of risk management in PPP projects. This model initiates a dynamic, cyclical
process that includes risk identification, assessment, allocation, and control, followed by
the ongoing identification of emerging risk factors as the project progresses. This itera-
tive approach is essential, as risks evolve over time as the project advances through its
various phases [1]. Furthermore, the model acknowledges that the risks associated with
PPP projects are highly specific to each individual project [41]. Variations in project types,
geographic locations, and local conditions often lead to significant differences in the nature
and impact of risks. As such, an effective risk management strategy must be customized to
the specific characteristics of the PPP project, incorporating detailed project information and
contextual factors into the risk management process. Summing up, the model derived from
this research integrates both the general risk management process and the specific attributes
of PPP projects. By providing a structured approach that combines these elements, the
model aims to improve risk management outcomes by ensuring that all participants have a
clear understanding of the critical risks and considerations at each stage of the project.
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The rapid development and expansion of PPP projects worldwide have introduced
new demands for effective risk management. Given the critical role of risk management
in both academic research and the practical application of PPP procurement, this study
conducted a comprehensive four-stage literature review. Utilizing VOSviewer software and
bibliometric analysis, the study provides an in-depth examination of the current state and
future directions for research on PPP risk management. Recent years have seen a significant
increase in research related to PPP risk management, yielding substantial findings. Effective
and well-structured risk management is essential for the successful implementation of
PPP projects, as it enhances the likelihood of achieving favorable outcomes. Therefore,
it is imperative for scholars to investigate significant risks while considering the specific
constraints of each project. Consequently, the systematic study of risk management is
expected to remain a central focus in PPP research.

The contributions of this research are mainly twofold. First, in terms of practical
contributions, this study offers valuable insights for practitioners involved in PPP projects,
particularly in the field of risk management. The conceptual model developed in this re-
search provides a structured and dynamic framework that can be used by project managers,
government agencies, and private sector stakeholders to better identify, assess, allocate,
and mitigate risks throughout the project lifecycle. By incorporating both general and
context-specific risk factors, the model enables practitioners to tailor their risk management
strategies according to the unique characteristics of each project. Furthermore, the use of
scientometric analysis highlights trends and best practices in risk management, which can
guide decision-makers in adopting more effective and data-driven approaches to managing
risks in PPP projects. Secondly, in terms of theoretical contributions, this study presents a
systematic overview of Public–Private Partnership (PPP) risk management by analyzing
factors such as publication trends, key researchers, and active institutions. This analysis
aids scholars in developing a holistic understanding of the knowledge landscape and
the key players in the field, thereby advancing theoretical understanding. By integrat-
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ing scientometric and qualitative analyses, the study investigates major research topics,
perspectives, and innovative methods in PPP risk management. This multidimensional
approach enriches existing theories, highlighting the diversity and complexity of research
in the field and establishing a foundation for future theoretical advancements. Furthermore,
the study proposes a conceptual model for risk management in PPP projects grounded in
a comprehensive literature review. This model offers a structured theoretical framework,
providing new insights for both academic research and practical application. It serves
as a guide for scholars in developing new theories and methodologies within the field.
Collectively, this study establishes a robust knowledge foundation for both scholars and
practitioners, serving as a valuable resource for newcomers and a reference for experienced
professionals seeking to deepen their expertise. This foundational knowledge equips both
groups to navigate the complexities of risk management in PPP projects and apply their
understanding in both practical and research settings.

Nevertheless, this review is not without its limitations. The authors acknowledge
certain constraints in the literature review methodology. First, the literature sample is
confined to English-language peer-reviewed journals sourced from the Scopus database.
As a result, some articles on PPP risk management may have been overlooked, either
because relevant keywords did not appear in the titles or because the papers were not
indexed in Scopus. Additionally, despite a rigorous systematic literature review, cognitive
biases cannot be entirely eliminated, potentially leading to limitations in the analysis and
deviations in the identification of research themes. The current study aims to develop a
conceptual model that integrates the general risk management process with the specific
characteristics of PPP projects. However, due to the extensive number of publications
reviewed, this research provides only a broad overview of risk management in PPP projects.
For a more detailed understanding, future research should focus on conducting in-depth
and specific analyses of risk management within PPPs to uncover more nuanced insights
and detailed findings in this area.
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