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Abstract: Due to the fact that risks can cause project delays and increase project implementation
costs, successful construction project completion requires effective and holistic risk management.
Identification and evaluation of critical risk factors (CRFs) associated with different types of projects
are the most significant components of accurate risk management. This study aims to identify
and evaluate the CRFs inherent with private–public partnership (PPP) projects specifically for the
development of water and wastewater infrastructure (WWI) facilities in the developing country of
Iran. In this line, a comprehensive literature analysis was undertaken to extract the CRFs in applying
PPP projects for the development of infrastructure projects in developing countries in general. Then,
four rounds of a Delphi survey were conducted to consolidate the major risks to the circumstances
of Iran and WWI facilities. There were a total of 35 risks that were grouped into six categories.
The main risks were then analyzed and ranked using the Measurement Alternatives and Ranking
according to the Compromise Solution (MARCOS) technique. The overall ranking results of the
various CRFs revealed that “lack of trust in government’s economic programs” risk was ranked first
in terms of importance, followed by the risk of “delay in timely fund payment for project financing
and credits,” and the risk of “delay in finalizing bank negotiations.” The overall ranking of the risks
placed “economic changes, such as inflation, increase or decrease in prices, and exchange rate” risk in
the bottom position. According to the risk ranking findings based on the opinions of private experts,
“lack of commitment to the project schedule” was placed first. Conversely, experts from the public
sector considered “choosing the wrong financing method” to be the most CRF. It is anticipated that
the key research findings and effective recommendations of this study will considerably contribute
to the smooth development and remarkable improvement of risk management in applying PPP for
WWI facilities in developing countries while enhancing different stakeholders’ understanding of the
CRFs for PPP projects, particularly towards WWI services in Iran.

Keywords: risk management; risk factors; PPP; water and wastewater; developing countries;
MARCOS technique

1. Introduction

Today, risk and its related trends have found their place in various fields including
investment; trade; insurance; safety; health and treatment; industrial and construction
projects; and even political, social, and military issues. In the meantime, risk management
has a special place and a common root with the project. Features such as the project
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uniqueness; relative reliability in the assumptions; the project goals and requirements;
uncertainty in the estimations, design, supply, and procurement of the main equipment of
the project; the effect of environmental factors on the project; the relationship between the
members and the goals of the project; and expecting to achieve the desired product at the
end of the project process are the sources of risk in the project. Hence, there is an inevitable
need for strategic management planning to check project uncertainties and risks [1].

Risk management is a logical and systematic method to analyze, evaluate, and deal
with risk related to any type of activity, enabling organizations to minimize losses while
taking advantage of opportunities. The greatest benefit of risk management for a company
is the general reduction in the occurrence of avoidable accidents and related costs, subse-
quently contributing to the continuity of business activity. Risk management leads to more
informed decision making, coherent planning, and efficient use of resources. The complex-
ity of the environment, the intensity of competition, the spread of novel and advanced
technologies, the development of information and communication technology, new ways
of supplying goods and services, environmental issues, etc., are among the main factors
leading to numerous and even unforeseen risks for organizations and economic enterprises
during their lifetime [2].

Due to the limited financial and budgetary resources, governments often face many
problems besetting with financing large-scale construction projects and infrastructure
services. The demand for investment in large and infrastructural projects has prompted
countries to use a method called public–private partnership (PPP) alongside the public
sector [1].

PPPs have been widely used in developing countries to carry out numerous projects
in the energy, water and wastewater, telecommunication, airport, railway, and port sectors.
In recent years, there has been a strong need for infrastructure in many countries due to
increasing population growth and economic development [1]. Hence, governments are
trying to find a new solution for these shortcomings by employing and activating the
private sector in infrastructure projects [3].

Ke et al. [4] investigated the preferred risk allocation in China’s public–private part-
nership projects using the Delphi technique. The results indicated that the public sector
was solely responsible for the risk (style of ownership and localization), and government
officials were responsible for the majority of the next identified risks, which required their
actions. In addition, 14 risks that the public and private sectors can deal with should be
equally shared between the two parties. The private sector is responsible for 10 risks at
the project level, according to which executive solutions should be proposed to overcome
the identified risks. Chan et al. [5] investigated potential obstacles to the successful im-
plementation of PPPs in Beijing and Hong Kong and prioritized 13 potential barriers to
participation, extracted from the research literature. According to the research findings,
lengthy delays in negotiation, lack of experience and appropriate skills, and lengthy delays
because of the political debate were the top three obstacles rated by the Beijing respondents.
Likewise, the first and third obstacles were also ranked within the top three by the Hong
Kong respondents, while the factor of “very few schemes have reached the contract stage
(aborted before the contract)” ranked as the second barrier to the partnership in Hong Kong.

Liu et al. [6] evaluated the critical factors affecting the effectiveness and efficiency
of tendering processes in PPPs in Australia and China. The research identified 14 criti-
cal factors underpinning the implementation of PPP tendering under seven dimensions:
robustness of business case development, quality of project brief, public sector capacity,
governance structures, the effectiveness of communication, the balance between streamlin-
ing and competition, and level of transparency of tendering processes. The results of the
comparative analysis of these factors in the two mentioned countries showed significant
statistical differences regarding the importance of these factors among their PPP projects.
It was emphasized that both public and private entities engaging in PPP projects would
be in a better position to structure and manage the tendering processes by adopting the
recommended strategies. Noorzai et al. [3] focused on selecting an appropriate PPP financ-



Buildings 2023, 13, 2735 3 of 20

ing method to finance railroad projects in Iran. Sadeghi Shahedani et al. [7] investigated
the priority development of PPPs in the transport sector of Iran. Najafi and Malekan [8]
examined a strategy to finance new infrastructure PPP projects. Heibati et al. [9] studied
the relationship between economic freedom and PPPs and provided a model for Iran.
Maki-Abadi et al. [10] sought to identify and assess critical risk factors (CRFs) in HSR
projects through PPPs in developing countries. Meanwhile, the precise identification of
risks can significantly influence the management of risks within a project. The presence of
risks within PPP contracts can lead to unfavorable outcomes and serve as a deterrent for
contractors. In the context of developing countries, the reluctance to involve the private
sector in the construction of water and sewage industry infrastructure can be attributed to
the presence of several risks and uncertainties associated with such investment endeavors.
Hence, the identification and examination of these risks and uncertainties, along with
efforts to address them, can serve as a foundation for increased involvement of the private
sector and the effective execution of PPP initiatives. Furthermore, the identification and
thorough assessment of the risks involved can be regarded as a crucial first phase in the ap-
propriate allocation of these risks between the private and public sectors. Consequently, this
process will exert a substantial influence on the success and advancement of the objectives
associated with these projects.

Prior research has not conducted a thorough examination of the risk assessment
associated with PPPs in the water and wastewater sector. Hence, in order to address
the existing research gaps, the primary objective of this work was to establish a robust
methodology for the identification and assessment of risks associated with PPP initiatives
in the context of water and wastewater infrastructure (WWI) development in Iran as a
developing country. This study aimed to address two primary research questions: (1)
What are the significant risks that pose a threat to PPP WWI facilities in the developing
country of Iran? and (2) To what extent each of the identified risks can be considered a
critical risk within the PPPs in Iran’s WWI facilities? This can include a wide range of
water and sewage projects that can be implemented with the PPP models, including water
supply and water transfer projects, dam construction projects, and the construction of
sewage treatment plants, etc. The presence of risks within PPP contracts might potentially
lead to unfavorable outcomes and serve as a deterrent for contractors. So far, there has
been a dearth of comprehensive studies examining the multifaceted risks associated with
PPP initiatives in the realm of WWI development in Iran. In this study, comprehensive
consideration has been given to the risks associated with infrastructure projects in Iran
and other developing countries. These risks encompass various aspects such as cost, time,
and quality. It is imperative to identify and address these risks in a localized and regional
context. Hence, the identification and assessment of significant and influential risks, as well
as their suitable allocation between the private and public sectors, will exert a substantial
influence on the prosperity and advancement of project objectives.

2. Literature Review

The widespread demand and lack of capital for water infrastructure have led to the
rapid growth of PPPs in the water sector. However, the current trend in this market shows
that many foreign companies have either reduced their activity or are withdrawing from the
market [11]. These conditions can be associated with specific risks in investing in water and
wastewater infrastructure (WWI), including the current low level of water prices and the
difficulty of (market) regulation. Thus, accurate identification of the risks of PPP projects in
WWI is necessary along with appropriate solutions to deal with such risks [12–15].

Several studies have identified and investigated obstacles and risks related to WWI
in developing countries [16,17]. According to these studies, various risks threaten the
development of WWI, including failure to provide sufficient funds on time, failure to
provide and pay the contractors and manpower claims on time, failure of the employer
to obtain necessary permits, uncertainty, and purchase of the project site by the employer.
Some studies also show that managerial, financial, legal, and political risks are the most
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CRFs of water projects in developing countries, including Iran [18]. As can be seen,
financial problems and issues are at the top of the risks related to the development of WWI
in developing countries. PPP contracts can be a suitable solution to deal with this issue [14].
However, it is noteworthy that the use of such contracts should be accompanied by the
necessary awareness of uncertainties, enabling the parties to the contract to participate in
the development of infrastructure with greater certainty of success in the realization of
their goals [14,18].

Risk results from the interaction of project goals, i.e., time, cost, quality, performance,
the scope of work, and uncertainty, which can lead to threats or opportunities. The
independent analysis of risk allocation in the water and wastewater sector has value and
information content. Project risk management includes six steps: 1. risk management
planning, 2. risk identification, 3. qualitative assessment, 4. evaluation, 5. risk response
planning, and 6. risk monitoring and control [2].

Priya and Jesintha [19] discussed the public–private partnership among the domestic
and foreign players and found that using both groups in these projects would lead to
progress in India. Kayaga (2008) emphasized that local conditions in PPP water projects
are often not carefully examined, due to which the project structure cannon comply with
the prevailing constraints. As a result, many PPP water projects in developing countries
are not carried out properly, face conflicts, or get involved in disputes that affect their
performance negatively.

Ameyaw and Chan [20] introduced 40 risk factors in PPP water projects in devel-
oping countries and highlighted CRFs in this field after examining six cases from these
countries. These factors included weak regulations, financial weakness, non-payment of
claims, lack of experience in research related to risk identification, and limited evaluation
of PPP contracts according to the environmental conditions of developing countries. Wi-
bowo and Mohamed [21] investigated risk factors in PPP water projects in Indonesia and
identified 39 risk factors, some of the most important of which included uncertainty of
pricing (tariff), breach of contract by the government, lack of raw water, and high costs of
infrastructure construction.

Ezeldin and Badran [22] identified 59 CRFs affecting PPP water projects through a
literature review and interviews with experts and divided them into several CRFs groups.
The risk factors were investigated by distributing a questionnaire among 25 experts who
worked internationally and were active in the Egyptian market. They introduced risk factors
such as financial and macroeconomic, commercial, legal, political, government supervision,
government maturity, and technical and unforeseen risks as most CRFs groups.

In Ghana, Ameyaw and Chan [23] identified 40 risk factors in PPP water projects and
introduced 22 risk factors in the form of three financial/commercial, social/political, and
technical/technical groups as CRFs. In this investigation, the financial/commercial group
had the highest level of total risk, followed by the social/political and technical/technical
groups in the second and third ranks, respectively.

Yin et al. [24] examined PPPs in water projects in China and introduced nine risk
groups, namely, construction, cooperation relationship, operational, policy, environment,
political, design, macroeconomic, and financing risk factors. According to the results,
financial risks were found to be the most critical group of risks in PPPs for water projects
in China.

Issa et al. [25] focused on a risk allocation model for construction projects in Yemen
and concluded that construction projects in Yemen always experience high levels of risk
due to their complex and dynamic environments. The model was developed considering
54 risks in 10 groups. They stated that the 30 identified CRFs must be allocated to the
owner or contractor, or shared between them. The results showed that this model is
easy to understand and use by contract parties. The model also helps decision-makers
make appropriate decisions regarding the selection among different projects based on
risk factors in the bidding and price proposal stages. The risk allocation model enables
risk management.
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Liu et al. [6] obtained 14 critical factors in the implementation of PPP water projects
according to a literature review, interviews with experts, and the distribution of question-
naires. Rezaei Noor and Mousavi [18] dealt with risk ranking in PPPs of water supply
projects using failure mode and effect analysis (FMEA) and fuzzy synthetic evaluation
methods in Qom province. First, 39 risk factors were introduced according to the literature
and national and international research. The risk priority values were then obtained using
the failure mode and effect analysis (FMEA) method. After normalization, 22 factors were
recognized as CRFs and classified into four managerial, legal/political, financial, and
technical subgroups. According to the examination and calculation of the overall level
of risk in each subgroup using the fuzzy synthetic evaluation method, the managerial
subgroup was the most critical subgroup, followed by the financial, legal/political, and
technical subgroups in the next priorities. The total risk of PPPs for water projects in
Qom province was 6.19, indicating high levels of risk for the mentioned projects. Rasouli
et al. [1] identified, ranked, and allocated CRFs of public–private partnership stages using
the Delphi technique in the framework of a resistance economy in WWI Gilan province.
Their article identified, evaluated, and allocated CRFs of WWI projects in Gilan province
in different stages and within each stage. The study used Build–Operate–Transfer (BOT)
to extract CRFs from executive agents with direct responsibility for contracts concluded
using the method of construction. A total of 37 samples were identified for the study. Then,
using the Delphi technique, 17 risks with a significant degree of ≥3 were extracted and
distributed among the samples through a questionnaire. Nonparametric statistical methods
were used to analyze data collected in each stage of the public–private partnership (feasi-
bility assessment, procurement, construction, operation, and transfer). The results showed
a significant relationship between the risks with a significant degree of > 3 in different
stages of public–private partnership in WWI of Gilan province. Also, this relationship was
significant for each risk in each stage, except for one case.

The analysis of the identified factors in this research showed the significant contribu-
tion of different levels of risk awareness and the involvement of senior management in
reducing and avoiding the identified risks. As revealed by the literature review, failure to
address the risks of evaluation based on accurate approaches is an important research gap
in the studies of public–private partnership projects. Therefore, the current study discusses
new approaches in this field. Most of the reviewed studies used the Delphi technique,
interviews, and literature review as their methodology. All these studies show that while
the importance of risks identified in PPP projects varies among countries, the parties to
the contract face relatively similar risks in implementing such projects in most developing
countries. Therefore, a comprehensive investigation in this field can be a positive step
toward the effective identification of the risks of these projects.

3. Research Methodology

The decision problem algorithm was designed based on the identification and prioriti-
zation of risks of public–private partnership projects and included three main parts. The
first part was allocated to the identification of PPP risks through a literature review, includ-
ing scientific articles, internet sources, books, and documents in construction companies.
Then, a questionnaire was designed to ask the experts to value the risks and determine
the importance of each. Risk screening was then carried out considering the mean of the
total values and selecting the risks whose importance was higher than the obtained mean.
The second part focused on evaluating each risk in public–private partnership projects.
The questionnaire was designed and distributed in this section, while data analysis was
conducted using the MARCOS method. The current study belongs to survey research.
The statistical population of the study consisted of employers, consultants, executives,
specialists, and experts active in WWi PPP projects all over Iran who had adequate knowl-
edge, expertise, and experience in risk management. Figure 1 shows the approach used in
this research.
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3.1. Research Tools

In this study, a research questionnaire covering the risks of PPP for WWI in Iran was
prepared. A total of 14 experts were asked to give their opinions on whether any identified
factors could be considered risks of PPP projects in Iran’s WWI. The experts provided
their opinions on a five-point Likert scale (very much, much, to some extent, little, very
little) to identify the risks. It is noteworthy that only items with an importance of ≥3.4
were selected after determining the significance of all items on a scale of one to five. This
value is one of the criteria put forward by Fink et al. [26] to determine the consensus
among participants regarding the inclusion or exclusion of specific elements in the Delphi
method. According to Fink’s perspective, the researchers have incorporated the threshold
value of 3.4 to enhance the precision of screening the identified risks. In the fourth round,
all the experts concluded that all the questions and categories in the questionnaire were
appropriate, and a mean opinion of > 3.4 was obtained for all the questions. Therefore, the
Delphi process was stopped. The researcher-made questionnaire was prepared considering
the theoretical foundations along with national and international studies to identify the
risks of PPP projects in WWI in Iran. The four Delphi rounds led to 7 groups (political,
operational, financial, investment, environmental, economic, and managerial) and 35 risks.

The findings indicated that out of 72 risks identified in Iran’s water and wastewater
PPP projects through the literature review, 35 risks were critical, as represented in Table 1.
The main basis for the risks identified was a comprehensive literature study pertaining to
the research topic. In this context, an attempt was made to comprehensively identify all the
risks connected with PPP initiatives, irrespective of their recurrence and frequency in prior
research studies. Through this view, it was feasible to ascertain a comprehensive inventory
of associated risks. To integrate and clarify the identified risks, risks that had similar
substance and meaning were consolidated to prevent duplication and misunderstanding.
Moreover, the identified risks were screened over the course of four Delphi rounds, wherein
experts possessing relevant educational and professional backgrounds in PPP initiatives
within the WWI sector were actively involved. Based on the Delphi survey rounds, a total of
35 dangers of significant importance were detected. The utilization of the Delphi technique
for screening purposes facilitated the initial stage of risk identification in the specific context
of Iran. The categorization of risks was conducted based on the classification established in
prior research and afterward validated by experts through the Delphi method.
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Table 1. Identified CRFs with high importance.

No. Risk Dimension Source

R1 Fluctuations in the value of materials Financial [27]

R2 Economic instability of the country and lack of economic stability and security Economic [28–30]

R3 Economic changes, such as inflation, increase or decrease in prices, and
exchange rate Economic [31]

R4 Failure to pay private sector claims on time Investment Expert opinion

R5 Inconsistency of the real and declared inflation by the relevant organizations
and the loss of commercial enterprises Financial Expert opinion

R6 The disproportion between the investor’s expenses with inflation and the
economic conditions of the country Investment Expert opinion

R7 High bureaucracy dominating government institutions Political [29]

R8 Ambiguous economic outcomes of distribution outsourcing for the
private sector Economic [32]

R9 Lack of trust in the government’s economic programs Economic [33,34]

R10 Long and inefficient implementation of projects Managerial [35]

R11 Poor pre-investment studies and economic evaluation of projects Economic [32]

R12 Lack of healthy economic conditions and competition environment Economic [28,30]

R13 Delay in timely fund payment for project financing and credits Financial [36,37]

R14 Government instability and the PPP program suspension in terms of
implementing infrastructure projects because of the government change Political [32,38]

R15 Failure in optimal allocation of credits to projects (insufficient credits) and
discretionary budget allocation Financial [39]

R16 Lack of contractor commitment to project schedule Managerial [35,39]

R17 Failure to complete and deliver the project on time (with a score of 0.34 after
the managerial dimension) Managerial [40]

R18 Lack of defined government policies to support the private sector Political [29,39]

R19 Continuous change of senior managers and subsequent lack of accountability
and policy maintenance Political Expert opinion

R20 Failure to fulfill the responsibilities of the parties within the stipulated time Operational [38]

R21 Government and bank budget limitations to provide financial resources for
partnership projects Financial [33,34]

R22 Changing the position of executive to investor Investment [35]

R23 Problems related to financial feasibility Financial [41]

R24 Delay in finalizing bank negotiations Financial [42]

R25 Increased repair and maintenance costs due to lack of proper forecasting Financial [43]

R26 Failure to conduct feasibility studies and cost–benefit analysis Financial [33,34]

R27 Outdated tax incentives Financial [36,37]

R28 Choosing the wrong financing method Financial [36,37]

R29 Lack of appropriate policies and organizational culture to create suitable
grounds for investment Investment [33,34]

R30 Delay in the project approval by the government Managerial [43]

R31 Lack of credit coverage from the government for private sectors
and entrepreneurs Political Expert opinion

R32 Lack of investment contract transparency and failure of the public sector to
implement them Investment [33,34]
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Table 1. Cont.

No. Risk Dimension Source

R33 Excessive pollution of the urban environment Environmental [33,34]

R34 Environmental damage during project execution and suspension Environmental [44]

R35 Lack of timing, awareness, and participation of senior management due to the
complex concept of the public–private partnership project Managerial [33,34]

The primary objective of the literature evaluation was to assess the potential risks
associated with public and private partnership ventures during the First World War. The
subsequent phase involved the development of a questionnaire that was formulated in
accordance with the fundamental concepts of the assessments. The original questionnaire
comprises a total of 72 items and was developed for the utilization of the Delphi method.
Subsequently, the initial questionnaire was distributed to a panel of 14 experts [45,46]. The
present study employed a purposive sampling technique to pick survey participants, an
approach that has been utilized by previous scholars in comparable research domains [33].
In this context, a group of 14 individuals with extensive experience and expertise in the
water and sewage business in Iran were carefully chosen from among relevant profes-
sionals. The number of respondents who participated in all four rounds of the Delphi
survey remained consistent, with a total of 14 experts completing the questionnaires. The
aforementioned 14 experts remained consistent throughout the Delphi procedure, and the
identical fourteen-person team completed the questionnaires in all four rounds of the Del-
phi method. Following the establishment of a consensus, Kendall’s coordination coefficient,
as proposed by Siegel and Castellan [47], was employed as a prevalent statistical approach
to assess the degree of agreement among the participants. The scale’s value ranges from
zero to one, denoting the level of consensus. A number greater than 0.9 signifies a very
strong agreement, while a value of 0.1 indicates a very weak consensus [14]. According
to Schmidt [48], even panels with more than 10 members regard modest values of W as
meaningful. Furthermore, the final questionnaire underwent evaluation and received
validation in relation to its reliability and validity. The questionnaire underwent a process
of revision based on the input and insights of experts. Subsequently, the updated question-
naire was distributed to the experts for their evaluation, resulting in the development of a
thirty-five-item questionnaire.

3.2. Sample Size

A preliminary study including 30 questionnaires was conducted to determine the
sample size required for the current research because of the unlimited size of the statistical
population. Equation (1) was used to determine the sample size in an unlimited statisti-
cal population [49], indicating a sample size of 78 appropriate for the study. Therefore,
78 questionnaires were distributed, of which 71 were returned, leading to a return rate
of 91.03%.

n =
Z2

α
2
× S2

d2 =

(
1.962 × 0.051

)
0.052 = 78 (1)

The standard error value (d), variance of the original sample (S2), and acceptable
confidence level (Zα/2) were 0.05, 0.051, and 1.96, respectively.

Sampling was conducted using the snowball sampling method, in which the research
participants guide the researcher to other people who can help with the research topic.
The Delphi method involves the involvement of individuals possessing knowledge and
expertise in the research subject. Consequently, in accordance with the research subject’s
definition, the necessary expertise and composition of the Delphi panel are determined
through non-probability sampling, employing a combination of targeted methods such as
judgment and chain. According to the available information, an initial selection process
resulted in the nomination of six experts who were deemed acceptable for inclusion in this
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research study. The experts in question were affiliated with the academic staff, specializing
in construction and civil engineering, construction management engineering trends, water
and sewage, and occasionally other relevant areas. Subsequently, through these experts, the
remaining individuals comprising the panel were introduced, each possessing a university
education, pertinent professional background, and requisite expertise in PPPs within the
domain of WWI initiatives. In addition, the selection of the Delphi panel members was
non-probabilistic, and all individuals picked possessed expertise in the subject matter
pertaining to risk management in Iran’s water and sewage projects within the context of
PPPs. Hence, given the panel members’ expertise and familiarity with the research topic,
additional training was deemed unnecessary, except for a briefing on the questionnaire’s
content and instructions for responding to the questions.

3.3. MARCOS Technique

The Measurement Alternatives and Ranking according to the Compromise Solution
(MARCOS) technique can be defined as a novel multi-attribute decision making (MADM)
method with various applications. This methodology, akin to other approaches within its
category, such as TOPSIS, evaluates and prioritizes alternatives by constructing a decision
matrix. In circumstances where decision-makers encounter challenges in articulating the
benefits of a particular issue, this approach can serve as a highly efficacious instrument for
decision making. There are various applications that can be identified, including selecting
a suitable location for project development, selecting a reliable supplier, determining the
business strategies of a company, and evaluating potential investment projects, among
others. This method is developed on the basis of ideal and anti-ideal solutions. Afterward,
the utility of the alternatives is measured, followed by the calculation of various utility
functions based on the value of the alternative utilities to ultimately find the alternative
weightings and their ranking. The methodology is applied to this study through the
following steps [50]:

Step 1: Formation of the initial decision matrix: Multicriteria models include a set
of n criteria and m alternatives. In the case of group decision making, a group of experts
(r) should be formed to evaluate alternatives based on criteria. In the case of group
decision making, the expert evaluation matrices are integrated into an initial group decision-
making matrix.

Step 2: Formation of an extended initial decision matrix: In this step, the initial matrix
is expanded by defining the ideal (AI) and anti-ideal (AAI) solutions.

X =

AAI
A1

A2
...

Am
AI



xaa1
x11
x21

· · ·
xaan
x1n
x2n

...
. . .

...
xm1
xai1

· · · xmn
xain


(2)

The anti-ideal solution (AAI) is the worst alternative, while the ideal solution (AI) is
the alternative with the best feature. Depending on the nature of the criteria, AAI and AI
are defined using Equations (3) and (4):

AI = max
i

xij i f j ∈ B and min
i

xij i f j ∈ C (3)

AAI = min
i

xij i f j ∈ B and max
i

xij i f j ∈ C (4)

where B and C represent a group of benefit and cost criteria, respectively.
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Step 3. Normalization of the extended initial matrix (X): The elements of the normal-
ized matrix N =

[
nij
]

m×n are obtained using Equations (5) and (6):

nij =
xai
xij

i f j ∈ C (5)

nij =
xij

xai
i f j ∈ B (6)

where xij and xai represent the elements of matrix X.
Step 4. Determining weighted matrix V =

[
vij
]

m×n: The weighted matrix V is obtained
by multiplying the normalized matrix N by the weighted coefficients of the criterion Wj,
according to Equation (7):

Vij = nij ×Wj (7)

Step 5. Calculating the utility degree of Ki alternatives: The utility degrees of an
alternative are calculated considering the ideal and anti-ideal solutions and using
Equations (8) and (9):

K−i =
Si

Saai
(8)

K+
i =

Si
Saai

(9)

where Si(i = 1, 2, . . . , m) shows the sum of elements of weighted matrix V, according to
Equation (10):

Si = ∑n
i=1 Vij (10)

Step 6. Determining utility function of alternatives, f (Ki): The utility function rep-
resents the alternative trade-off related to the ideal and anti-ideal solutions. The utility
function of alternatives is defined by the following equation:

f (Ki) =
K+

i + K−i

1 +
1− f (K+

i )
f (K+

i )
+

1− f (K−i )
f (K−i )

(11)

where f
(
K−i
)

shows the utility function related to the anti-ideal solution, while f
(
K+

i
)

represents utility function related to the ideal solution. The utility functions related to ideal
and anti-ideal solutions are determined using Equations (12) and (13):

f (K−i ) =
K+

i
K+

i + K−i
(12)

f (K+
i ) =

K−i
K+

i + K−i
(13)

Step 7. Ranking of alternatives: The alternative ranking is based on the final values of
the utility function. In the most optimal case, an alternative has the highest possible value
of the utility function.

This study involved conducting calculations pertaining to the Delphi rounds and
reviewing the inferential findings of the study. These calculations included analyzing the
demographic characteristics using the SPSS software version 25, assessing the structural
validity of the questionnaire using the SmartPLS software version 4. Furthermore, the
process of prioritizing the critical risks was carried out by utilizing Microsoft Excel software
version 2023 to implement the MARCOS technique’s calculating methodology as described
in different stages.
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4. Presentation of the Study Results
4.1. Statistical Analysis

This part of the statistical analysis investigated the distribution of statistical sam-
ples in terms of demographic variables. Males and females formed 74.6% and 25.4% of
the participants, respectively. Moreover, 52.1% of participants were in the age range of
35–45 years, with 25.4% between 25 and 35 years, 18.3% between 45 and 55 years, and 4.2%
over 55 years old. Out of the study participants, 66.2%, 16.9%, and 16.9% had MSc, MA,
and Ph.D. degrees, respectively. The work experience of 31.0% of participants was 15–20
and more than 20 years, while 14.1% and 23.9% had experience of <10 and 10–15 years,
respectively. On the other hand, work experience in water and wastewater was <10 years,
10–15 years, 15–20 years, and more than 20 years in 36.6%, 28.2%, 16.9%, and 18.3% of
participants, respectively. Work experience in PPP projects was <10 years, 10–15 years, and
15–20 years in 53.5%, 33.8%, and 12.7% of participants, respectively. Contractors, employ-
ers/employer representatives, consultants, faculty members, experts, and financial experts
formed 26.8%, 15.5%, 23.9%, 2.8%, 23.9%, and 7.0% of participants, respectively. Con-
cerning the type of responsibility, experts/senior experts, managers, deputies, employees,
supervisors/head supervisors, executive agents, and other responsibilities formed 25.4%,
23.9%, 9.9%, 18.3%, 15.5%, and 2.8% of participants, respectively. Tehran and Bandar Abbas
were the cities where 38.0% and 35.2% of participants worked, respectively. Moreover, 1.4%
of participants worked in Isfahan, Parsian, Bandar Lenge, Tabriz, Rasht, Mashhad, and
Kerman. Karaj and Qeshm, Shiraz, and Golestan were the cities where 4.2%, 5.6%, and
2.8% of participants worked.

4.2. Ranking of CRFs of Public–Private Partnership Projects

The MARCOS method was used to rank the CRFs of PPP projects in WWI. The
calculations are shown in Table 2.

Table 2. The degree of desirability of alternatives and final ranking.

Si
K− K+ F (K−) F (K+) F (K) Rank

AAI 0.815

R1 0.935 1.148 0.935 0.449 0.551 0.685 6

R2 0.939 1.152 0.939 0.449 0.551 0.687 4

R3 0.855 1.050 0.855 0.449 0.551 0.626 35

R4 0.901 1.106 0.901 0.449 0.551 0.660 25

R5 0.917 1.126 0.917 0.449 0.551 0.672 14

R6 0.924 1.134 0.924 0.449 0.551 0.676 10

R7 0.918 1.127 0.918 0.449 0.551 0.672 12

R8 0.900 1.105 0.900 0.449 0.551 0.659 26

R9 0.961 1.179 0.961 0.449 0.551 0.703 1

R10 0.914 1.122 0.914 0.449 0.551 0.669 18

R11 0.912 1.120 0.912 0.449 0.551 0.668 19

R12 0.929 1.140 0.929 0.449 0.551 0.680 8

R13 0.942 1.156 0.942 0.449 0.551 0.690 2

R14 0.929 1.140 0.929 0.449 0.551 0.680 9

R15 0.916 1.124 0.916 0.449 0.551 0.671 17

R16 0.918 1.127 0.918 0.449 0.551 0.672 13

R17 0.917 1.126 0.917 0.449 0.551 0.671 15

R18 0.909 1.116 0.909 0.449 0.551 0.666 23
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Table 2. Cont.

Si
K− K+ F (K−) F (K+) F (K) Rank

AAI 0.815

R19 0.935 1.148 0.935 0.449 0.551 0.685 7

R20 0.894 1.097 0.894 0.449 0.551 0.654 27

R21 0.887 1.089 0.887 0.449 0.551 0.649 31

R22 0.889 1.092 0.889 0.449 0.551 0.651 30

R23 0.910 1.117 0.910 0.449 0.551 0.666 21

R24 0.940 1.154 0.940 0.449 0.551 0.688 3

R25 0.893 1.096 0.893 0.449 0.551 0.654 28

R26 0.911 1.118 0.911 0.449 0.551 0.667 20

R27 0.916 1.125 0.916 0.449 0.551 0.671 16

R28 0.936 1.149 0.936 0.449 0.551 0.685 5

R29 0.910 1.117 0.910 0.449 0.551 0.666 22

R30 0.922 1.132 0.922 0.449 0.551 0.675 11

R31 0.902 1.107 0.902 0.449 0.551 0.660 24

R32 0.877 1.077 0.877 0.449 0.551 0.642 33

R33 0.882 1.083 0.882 0.449 0.551 0.646 32

R34 0.891 1.093 0.891 0.449 0.551 0.652 29

R35 0.860 1.056 0.860 0.449 0.551 0.630 34

AI 1.000

The ranks of CRFs were assessed and compared according to public and private sector
professionals’ opinions using the MARCOS approach. Table 3 presents the conclusive
rankings of different options within the private and public sectors, separately. In fact,
Table 2 presents the overall risk ranking derived from the collective perspectives of all
respondents, encompassing both the public and private sectors. Conversely, Table 3
delineates the risk ranking outcomes obtained from the distinct viewpoints of the private
and public sectors individually.

Table 3. The final rankings of alternatives between the private and public sectors.

Risk
Private Sector Public Sector

F (K−) F (K+) F (K) Rank F (K−) F (K+) F (K) Rank

R1 0.432 0.568 0.669 17 0.433 0.567 0.694 2

R2 0.432 0.568 0.685 9 0.433 0.567 0.680 7

R3 0.432 0.568 0.619 33 0.433 0.567 0.616 35

R4 0.432 0.568 0.619 32 0.433 0.567 0.663 20

R5 0.432 0.568 0.670 16 0.433 0.567 0.668 17

R6 0.432 0.568 0.675 13 0.433 0.567 0.653 26

R7 0.432 0.568 0.653 22 0.433 0.567 0.664 19

R8 0.432 0.568 0.659 18 0.433 0.567 0.673 11

R9 0.432 0.568 0.701 3 0.433 0.567 0.692 3

R10 0.432 0.568 0.678 12 0.433 0.567 0.658 25
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Table 3. Cont.

Risk
Private Sector Public Sector

F (K−) F (K+) F (K) Rank F (K−) F (K+) F (K) Rank

R11 0.432 0.568 0.684 10 0.433 0.567 0.643 32

R12 0.432 0.568 0.686 8 0.433 0.567 0.669 16

R13 0.432 0.568 0.705 2 0.433 0.567 0.673 12

R14 0.432 0.568 0.698 5 0.433 0.567 0.644 31

R15 0.432 0.568 0.652 23 0.433 0.567 0.681 6

R16 0.432 0.568 0.706 1 0.433 0.567 0.653 28

R17 0.432 0.568 0.698 4 0.433 0.567 0.641 33

R18 0.432 0.568 0.658 19 0.433 0.567 0.673 10

R19 0.432 0.568 0.670 15 0.433 0.567 0.689 4

R20 0.432 0.568 0.643 25 0.433 0.567 0.671 13

R21 0.432 0.568 0.641 26 0.433 0.567 0.670 15

R22 0.432 0.568 0.614 34 0.433 0.567 0.675 9

R23 0.432 0.568 0.674 14 0.433 0.567 0.660 23

R24 0.432 0.568 0.695 6 0.433 0.567 0.682 5

R25 0.432 0.568 0.645 24 0.433 0.567 0.670 14

R26 0.432 0.568 0.688 7 0.433 0.567 0.649 29

R27 0.432 0.568 0.684 11 0.433 0.567 0.661 22

R28 0.432 0.568 0.626 30 0.433 0.567 0.712 1

R29 0.432 0.568 0.639 28 0.433 0.567 0.663 21

R30 0.432 0.568 0.657 21 0.433 0.567 0.676 8

R31 0.432 0.568 0.657 20 0.433 0.567 0.653 27

R32 0.432 0.568 0.641 27 0.433 0.567 0.638 34

R33 0.432 0.568 0.620 31 0.433 0.567 0.668 18

R34 0.432 0.568 0.635 29 0.433 0.567 0.658 24

R35 0.432 0.568 0.605 35 0.433 0.567 0.646 30

5. Discussions of Study Results

The present research sought to evaluate and rank the CRFs of PPP projects in the
development of WWI in the developing country of Iran using a multi-criteria decision-
making method.

The results of identifying and assessing the risks of PPP projects in the development
of WWI in the developing country of Iran showed that the 10 most CRFs of PPP projects of
WWI in the developing country are fluctuations in the value of materials; the contradiction
in government policies; government instability and the PPP program suspension in terms
of implementing infrastructure projects because of the government change; lack of defined
government policies to support the private sector; economic changes, such as inflation,
increase or decrease in prices, and exchange rate; long and inefficient implementation of
projects; the economic instability of the country and lack of economic stability and security;
insufficient resources for the implementation of the project by the relevant institutions and
investors; poor management of sub-contracts; and delay in finalizing bank negotiations.

Risk assessment is necessary to achieve success in construction projects. The results of
ranking the CRFs of PPP projects in WWI of the country revealed the following risks in
the first to the tenth ranks: lack of trust in the government’s economic programs, delay in
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timely fund payment for project financing and credits, delay in finalizing bank negotiations,
failure to pay private sector claims on time, increased repair and maintenance costs due
to lack of proper forecasting, fluctuations in the value of materials, continuous change of
senior managers and subsequent lack of accountability and policy maintenance, lack of
healthy economic conditions and competition environment, government instability and the
PPP program suspension in terms of implementing infrastructure projects because of the
government change, and the disproportion between the investor’s expenses with inflation
and the economic conditions of the country.

A comparison of the ranking results obtained from the opinions of private and public
sector experts indicated that the former considered the lack of contractor commitment to
the project schedule, delay in timely fund payment for project financing and credits, and
lack of trust in government economic programs as the most critical PPP project risks in the
country’s WWI. According to experts in the public sector, choosing the wrong financing
method, fluctuations in the value of materials, and lack of trust in the government’s
economic programs were the most CRFs of PPP projects in the country’s WWI.

If these economic and financial risks emerge in the early stages of the project, decision-
makers of WWI PPP projects can withdraw before overinvestment. On the other hand,
decision-makers can avoid these risks through insurance against the economic and financial
risks of WWI PPP projects. This insurance would be even more financially acceptable if
those responsible for WWI PPP projects have already invested in other projects. Large-scale
projects allow power holders to control investments with varying degrees of risk exposure,
subsequently reducing the overall risk of failure. However, insurance protection is not
effective for risks with traffic permits and the condition of nearby buildings, which are
always outside the control of the project management team. These risks can delay (or
undermine the outcome of) WWI PPP projects and reduce their value. In these cases,
decision-makers of WWI PPP projects can choose between continuing the project while
trying to maintain economic and financial balance, or suspending the project if these
risks affect the possibility of achieving the planned return on investment. Finally, the
risks resulting from failure to use and share experiences, incorrect technical knowledge
transfer, and the weakness of pre-investment studies and economic evaluation of projects
can also play a critical role by delaying the implementation of WWI PPP projects while
weakening its management and coordination. Meanwhile, these risks can be directly
controlled because they relate to the processes enabled by the management of WWI PPP
projects. The incorrect technical knowledge transfer can usually be addressed through
appropriate training courses that can properly transfer knowledge and show how to benefit
from technology for WWI PPP projects. The same solution applies to poor pre-investment
studies and economic evaluation of projects, which can jeopardize the feasibility study of
WWI PPP projects. Overall, the recruitment of qualified managers and consultants should
minimize forecasting errors of the management team.

Within the scope of the identified critical risks, certain risks pertain to intra-project
matters while others pertain to extra-project matters. However, it is important to note that
all of these risks have the potential to exert a substantial impact on the success of PPP
projects aimed at developing WWI. The extent of this impact may vary depending on the
prevailing conditions, such as the level of development in the country in question. Certain
external risks, such as economic fluctuations like inflation or fluctuations in prices, are
outside the control of the entities overseeing WWI PPP projects. These risks can significantly
affect the life cycle stage in particular. Indeed, should these economic and financial risks
manifest during the initial phases of the project, the individuals responsible for making
decisions on water and sanitation infrastructure PPP initiatives may find themselves in a
position where they can only hope that they have not already made excessive investments.
However, it is possible for decision-makers to mitigate these risks by utilizing insurance as
a means of safeguarding against the economic and financial uncertainties associated with
WWI PPP projects. The financial viability of this insurance would be further enhanced if
the stakeholders involved in WWI PPP initiatives have previously made prior investments
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in other ventures. The process of expanding the project enables established entities to
manage investments with different levels of risk exposure, thus effectively mitigating
the overall risk of potential failure. Nevertheless, insurance coverage is ineffective in
mitigating risks associated with traffic permits and the condition of neighboring structures,
as these factors consistently lie beyond the purview of the project management team. If
these risks manifest, they have the potential to impede the progress or effectiveness of
water and wastewater infrastructure PPP projects, thereby diminishing the overall value
of such projects. In such instances, the decision-makers overseeing water and wastewater
infrastructure projects implemented through public–private partnerships (PPPs) face the
option of either persevering with the project while striving to uphold economic and financial
equilibrium, or opting for its liquidation if the associated risks impede the attainment of
the projected return on investment. In conclusion, the absence of utilization and sharing
of experiences, inadequate methods of transferring technical knowledge, and insufficient
pre-investment studies and economic evaluations of projects can significantly affect the
implementation of WWI PPP projects. These factors can lead to delays in project execution
and undermine the effectiveness of project management and coordination, similar to the
aforementioned cases. Simultaneously, these factors can be directly regulated as they
pertain to the operations facilitated by WWI PPP initiatives. The ineffective method of
transmitting technical knowledge may often be resolved by implementing suitable training
programs that effectively disseminate knowledge and provide guidance on leveraging
technology for WWI PPP initiatives. The aforementioned issue pertains to the vulnerability
of pre-investment studies and economic evaluations in the context of WWI PPP projects,
hence posing a potential threat to the viability assessment of such endeavors. Indeed, the
utilization of competent managers and consultants has the potential to mitigate forecasting
errors made by the management team.

As anticipated, given the temporal constraints imposed by sanctions and significant
economic challenges in Iran, the primary PPP initiatives pertaining to WWI were associated
with the category of economic hazards. The imposition of sanctions on Iran has led to a
reduction in available funds and a rise in inflation, consequently impacting the cost of
equipment and materials. Consequently, factors such as fluctuations in exchange rates and
inflation, coupled with changes in bank interest rates, introduce significant uncertainties for
WWI projects operating under the public–private partnership model. The underlying cause
for this phenomenon can be attributed to the reliance on imported mechanical, electrical,
and construction components and equipment from industrialized nations for water and
sewerage projects in Iran. Hence, the expenses associated with the development of WWI in
Iran exhibit a direct correlation with variations and swings in the currency rate. Moreover,
the acquisition of these projects frequently encounters challenges, thus leading to adverse
consequences during project execution and consistently impeding the progress of water
and sewage initiatives in Iran. Given the unique characteristics inherent in these projects,
the successful attainment of project completion necessitates the presence of a proficient
and knowledgeable personnel. In Iran, a significant proportion of the workforce possesses
expertise primarily in the domain of uniform building goods. Consequently, there is a
pronounced demand for training programs to address this specific area of specialization.
The aforementioned matter is readily apparent in relation to the installation of mechanical
and electronic apparatus. Conversely, the appreciation of the exchange rate has rendered
the employment of foreign professionals in water and sewage development projects by
government and private entities in Iran exceedingly challenging. The cost of constructing
water and sewage projects will be significantly influenced by the importation of technical
and engineering services in this particular context. In relation to the potential risk of
investors’ spending becoming disproportionate to inflation and the prevailing economic
conditions, it is recognised that economic challenges might indeed result in a reduction of
contractors’ profit margins. Consequently, this may give rise to various claims being made
thereafter. The outcome of this matter will have implications not only on the management
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of executive affairs and the final product quality, but also on the potential legal ramifications
and difficulties faced by the involved parties.

The results of this study align with prior research investigations. The findings pre-
sented exhibit similarities to the research conducted by Valipour et al. [42]. They demon-
strated that risk indicators in highway PPP projects in Iran primarily stem from factors
such as domestic and international fluctuations, the country’s economic efficacy, labor force
dynamics, construction attributes, and consulting and contractual provisions. There exists
a correlation between the two. In another investigation, Chan et al. [51] employed the
Delphi technique to ascertain and rank a set of risk assessment criteria pertaining to social,
economic, environmental, and technological prerequisites that are closely associated with
the advancement of PPP initiatives. The risks associated with a project are subject to change
based on the prevailing project conditions. However, the outcomes of this study align
closely with prior studies. In their study, Hatfi et al. [52] assessed the risks associated with
projects implemented through the Build–Operate–Transfer (BOT) method. The identified
risks encompassed initial price fluctuations, inflation rate increases, exchange rate fluctua-
tions, bank interest fluctuations, and tax increases, as well as the absence of clear policies.
In terms of attaining financial success, in a separate study, Kumar et al. [53] elucidated the
potential risks associated with inflation, government bonds, local legislation, equipment
suppliers, and technology choices in the context of PPP projects. Furthermore, in a sepa-
rate study aimed at assessing risk indicators in PPP projects, the researchers documented
many factors including the economic efficiency of the country, the labor dynamics, and the
construction characteristics, as well as the quality of consulting and contractual services.

The findings of this study have practical implications for project stakeholders, as
they may utilize them to effectively achieve the primary goals of the project. This can
be accomplished by giving particular consideration to the risks that have the greatest
impact on the project’s performance over its entire life cycle. In relation to this matter,
one of the risks identified in this study pertains to the potential influence of exchange
rate changes on all project objectives. Hence, the implementation of projects in countries
and/or time periods characterized by a stable currency rate enhances the attainment of
project objectives. Nonetheless, it is important to acknowledge that project risks exhibit
fluctuations over time, contingent upon the project’s advancement [54,55]. This holds
particularly true for financial risks, including the volatility of exchange rates, which have
the potential to undergo abrupt alterations as a consequence of unforeseen occurrences [56],
particularly those originating from external sources. Therefore, considering the project’s
life cycle [57–59], it is evident that the influence of the identified risk groups cannot be
limited to certain periods of WWI project construction. I engaged in a study utilizing the
PPP concept. When examining the domain of “management” risks, it becomes evident
that the constituent risks within this category hold significance across many stages of the
WWI projects’ life cycle when implemented with the PPP model. This scenario pertains
to the occurrence of “governmental delay in granting design approval,” which tends to
be more prevalent during the initial phases of WWI projects implemented under the PPP
model. Another significant risk that persists throughout all project stages is the “inadequate
management of component contracts.” The water and wastewater sector operates under
a PPP model, encompassing several aspects such as design and engineering, as well as
procurement and construction. Given the aforementioned considerations, it is advisable for
practitioners to address and minimize individual risks that are prone to occur at various
stages of the water and wastewater project life cycle in PPP. Additionally, it is crucial to
continuously monitor the development of risks and their impact on project performance,
even after the stages where they are anticipated to arise have been surpassed. This can
be achieved through the utilization of methodologies such as the real options method or
scenario-based approach, as demonstrated by previous studies [60,61]. In general, WWI
projects implemented using the PPP model may encounter disparities in both external and
internal conditions, leading to the emergence of unforeseen dangers that were previously
deemed improbable. Therefore, it is imperative for professionals to diligently consider
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risks and changes in both the internal and external environment and adequately equip
themselves to address their manifestations [62].

This study examined the factors contributing to the increased risks of WWI PPP
projects in Iran. The review was conducted by a panel of experts who possess a high
level of proficiency in the subject matter pertaining to risk management in public–private
partnership projects. Based on the findings, it was determined that 35 risks were within
the critical range. Subsequently, the final assessment of critical risks in PPP projects
within the WWI industry was conducted by integrating the outcomes of the first stages
and employing the MARCOS method. The comparison of the findings from this study
with those of previous research demonstrates the robustness of the results and suggests
that the key risk factors have been accurately identified, with the outcomes possessing
adequate validity. WWI infrastructure development has emerged as a significant priority
in numerous developing nations, with Iran being no exception, over the past few years.
The findings are given in alignment with prior questionnaires and existing literature, thus
offering a foundation for practical initiatives and potential enhancements to the quality
of infrastructure.

6. Conclusions

Risk assessment in construction projects is necessary to ensure successful implementa-
tion. The current study aimed to identify, evaluate, and rank the CRFs of PPP projects in the
development of WWI in Iran as a developing country. The results highlighted 35 risks as
critical. Fluctuations in the value of materials, the contradiction in government policies and
instability of the government, and the PPP project suspension when implementing infras-
tructure projects due to government change ranked the first to the third CRFs. Accurate risk
assessment is carried out using different criteria. This study identified 13 risk assessment
criteria using the research background. The results of ranking 35 risks of PPP projects in
WWI of Iran using the MAROS method indicated that lack of trust in the government’s
economic programs, delays in timely fund payment for project financing and credits, and
delay in finalizing bank negotiations were the first to third priorities. A comparison of risk
ranking according to the opinions of experts in the public and private sectors indicated
that choosing the wrong financing method and lack of contractors committed to the project
schedule were ranked first by the public and private sector experts, respectively.

The risks associated with PPP projects in WWI facilities are integral to the executive
measures involved in the development and implementation of project-oriented activities.
These risks cannot be disregarded by organizations and are consistently incorporated into
the project planning system. The user’s text is a simple statement. In the context of PPP
initiatives, it is imperative for execution companies to adopt appropriate effective measures
to cope with and mitigate the risks associated with such endeavors. This entails the
execution of proper control mechanisms aimed at minimizing the impact of recognized risks
on the whole project delivery process. In cases where some risks are deemed uncontrollable,
corporations should handle them directly. It is imperative to make adequate efforts and
preparations in order to deal with and mitigate any risks arising. The objective of this
study was to ascertain the essential risks associated with PPP projects. To achieve this,
an innovative framework was developed utilizing the MARCOS approach. The study’s
findings have provided a strong foundation for proper risk management in PPP projects,
offering valuable insights for WWI firms in Iran and other developing nations. These
insights enable these companies to effectively and efficiently monitor and detect the key
risks associated with PPP projects.

The study’s findings propose several successful implementation options and insightful
measures that policymakers might consider to enhance the position of private sector invest-
ment in developing nations, hence offering practical implications for policy development,
formulation, and decision making. For example: (i) The primary objectives include the
acquisition of foreign exchange and the elimination of obstacles and concerns related to
investment. (ii) Another goal is to fulfill international trade obligations, such as reducing
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clearance time, and maintaining political stability within the country to enhance satisfaction
among foreign investors. (iii) The government aims to achieve a satisfactory return on
capital within a specified timeframe. (iv) The government of developing nations seeks to
identify competent integration managers who possess a strong educational background
and abundant professional experience. These managers play a crucial role in engaging
with private investors and garnering support for WWI projects. Based on the available
information, it is crucial for both practitioners and policymakers to actively engage in
the effective implementation of PPPs. Specifically, institutions must prioritize ensuring
adequate transparency and conducting unbiased evaluations of legislation to develop
and assess the PPP selection criteria for potential bidders. These factors are identified as
primary determinants for achieving success in PPP initiatives. In this context, it is essential
for policymakers to initiate the establishment of a comprehensive regulatory framework,
accompanied by well-defined and explicit selection criteria, to effectively identify the
most competent private sector partners for participation in PPPs in the field of water and
wastewater infrastructure facilities in developing nations like Iran.

The main limitation of this research is the small number of experts who participated
in the survey, although they can certainly be regarded as suitable for the research. Future
studies should increase the validity of the proposed results by either a greater number of
experts participating in the survey or replicating the presented study in other developing
countries. In addition, it would be interesting to compare the results between developing
and developed countries to identify their similarities and differences. The findings of
the present research study can be a suitable tool for decision making in both public and
private sectors to successfully implement proper risk management of PPP projects in the
WWI sector.
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50. Stević, Ž.; Pamucar, D.; Puška, A.; Chatterjee, P. Sustainable supplier selection in healthcare industries using a new MCDM

method: Measurement of alternatives and ranking according to COmpromise solution (MARCOS). Comput. Ind. Eng. 2020, 140,
106231. [CrossRef]

51. Chan, A.P.C.; Osei-Kyei, R.; Hu, Y.; Yun, L.E. A fuzzy model for assessing the risk exposure of procuring infrastructure mega-
projects through public-private partnership: The case of Hong Kong-Zhuhai-Macao Bridge. Front. Eng. Manag. 2018, 5, 64–77.
[CrossRef]

52. Hatefi, S.M.; Mohseni, H. Evaluating and prioritizing the risks of BOT projects using structural equations and integrated model
of fuzzy AHP and fuzzy TOPSIS. J. Struct. Constr. Eng. 2019, 6, 111–130.

53. Kumar, G.; Yogesh, S.; Fouzdar Prakhar, D. Risk management in PPP (public private partnership) projects. Int. J. Eng. Technol. Sci.
Res. 2016, 3, 305–313.

54. Jaafari, A. Management of risks, uncertainties and opportunities on projects: Time for a fundamental shift. Int. J. Proj. Manag.
2001, 19, 89–101. [CrossRef]

55. Perroni, M.; Dalazen, L.L.; Da Silva, W.V.; Gouvêa, S.; Da Veiga, C.P. Evolution of risks for energy companies from the energy
efficiency perspective: The Brazilian case. Int. J. Energy Econ. Policy 2015, 5, 612–623.

56. Froot, K.A. The Intermediation of financial risks: Evolution in the catastrophe reinsurance market. Risk Manag. Insur. Rev. 2008,
11, 281–294. [CrossRef]

57. Jordani, D.A. BIM and FM: The Portal to Lifecycle Facility Management; Springer: Berlin/Heidelberg, Germany, 2010; pp. 13–16.
58. Eadie, R.; Browne, M.; Odeyinka, H.; McKeown, C.; McNiff, S. BIM implementation throughout the UK construction project

lifecycle: An analysis. Autom. Constr. 2013, 36, 145–151. [CrossRef]
59. Wetzel, E.M.; Thabet, W.Y. The use of a BIM-based framework to support safe facility management processes. Autom. Constr.

2015, 60, 12–24. [CrossRef]
60. Chen, T.; Zhang, J.; Lai, K.-K. An integrated real options evaluating model for information technology projects under multiple

risks. Int. J. Proj. Manag. 2009, 27, 776–786. [CrossRef]
61. Bañuls, V.A.; López, C.; Turoff, M.; Tejedor, F. Predicting the impact of multiple risks on project performance: A scenario-based

approach. Proj. Manag. J. 2017, 48, 95–114. [CrossRef]
62. Cristofaro, M. Reducing biases of decision-making processes in complex organizations. Manag. Res. Rev. 2017, 40, 270–291.

[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/S0263-7863(00)00032-6
https://doi.org/10.1016/j.proeng.2016.04.174
https://doi.org/10.3846/13923730.2015.1051104
https://doi.org/10.3390/su15021452
https://doi.org/10.1016/j.procs.2013.05.018
https://doi.org/10.1177/1609406915621381
https://doi.org/10.3390/en14227815
https://doi.org/10.1111/j.1540-5915.1997.tb01330.x
https://doi.org/10.1016/j.cie.2019.106231
https://doi.org/10.15302/J-FEM-2018067
https://doi.org/10.1016/S0263-7863(99)00047-2
https://doi.org/10.1111/j.1540-6296.2008.00141.x
https://doi.org/10.1016/j.autcon.2013.09.001
https://doi.org/10.1016/j.autcon.2015.09.004
https://doi.org/10.1016/j.ijproman.2009.01.001
https://doi.org/10.1177/875697281704800507
https://doi.org/10.1108/MRR-03-2016-0054

	Introduction 
	Literature Review 
	Research Methodology 
	Research Tools 
	Sample Size 
	MARCOS Technique 

	Presentation of the Study Results 
	Statistical Analysis 
	Ranking of CRFs of Public–Private Partnership Projects 

	Discussions of Study Results 
	Conclusions 
	References

