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Abstract: Integrating sustainability in the risk management process is an emergent problem, es-
pecially for efficient infrastructure delivery. For the case of complex projects like public–private
partnerships (P3), traditional management practices offer a limited capacity to address long-ranging
risk impacts on the social, economic, and environmental fabric within and around the project bound-
aries. Although P3 projects are objective-based contracts, present risk models rarely delineate risk
impacts on focused project objectives. The relevant studies are very scarce creating a limited under-
standing of available approaches to conducting sustainability-based risk management for P3 projects.
As risk and sustainability are two inherently subjective concepts with multiple interpretations, their
combined assessment within a single framework demands a pragmatic approach. Therefore, the
current study presents a model for conducting a sustainability-based risk assessment of P3 infras-
tructure projects through global data. Monte Carlo simulation is employed to further define the
probabilistic risk ranges and risk ranks over relevant triple-bottom-line-based sustainability indicators
for highway sector P3 projects. Findings are further demonstrated through two highway case studies
and relevant mitigation strategies are also suggested. In the end, an implementation framework and
future recommendations for the application of study findings on actual projects are also suggested.
The study has useful implications for practitioners and researchers alike aiming for the delivery of
sustainable complex projects.

Keywords: public–private partnership; sustainability; risk assessment; infrastructure; Monte
Carlo; highways

1. Introduction

The public–private partnership (P3) provides an alternative procurement approach to
deliver infrastructure projects of national importance. P3s have been embraced by both
developed and developing economies owing to their flexible payment mechanism, access
to private capital, and innovative financial models [1]. In a typical P3, both public and
private sectors bring their complementary skills to reach a common goal i.e., project success.
However, this is based on proactive project risk management (PRM) to achieve long-term
project success [2]. The role of risk assessment in the long-term success of infrastructure P3s
has become more important after the announcement of UN Sustainable Development Goals
(2015) which encouraged the implementation of “effective public, public–private, and civil
society partnerships” to “share knowledge, expertise, technology, and financial resources”.
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Even though the UN acknowledged the significance of P3s in sustainable development,
practitioners and researchers struggle to integrate sustainability concepts in the P3 risk
assessment process [3].

This is important because the inherent complex P3 structure and augmented project
boundaries expose them to a multi-layer risk system demanding comprehensive assessment
over the lengthy P3 project life [4]. Moreover, P3 is a multi-stakeholder complex prone
to adversarial relationships due to the conflicting goals of each party [5]. In this scenario,
the risk impacts within these projects are long-ranging, unpredictable, and interrelated
rendering traditional risk management practices following a short- or medium-term ap-
proach largely futile and incompatible with the P3 structure. Studies addressing P3 risk
management majorly focus on the effect of threats to project success envisioned in terms
of iron-triangle project controls (time, cost, and quality) [6]. Moreover, in these studies,
the project objectives and success criteria against which risks are measured are mostly
ill-defined, offering only an ambiguous description and referring to iron-triangle controls
only implicitly [7]. This ambiguity creates a major limitation in present project risk manage-
ment (PRM) frameworks to clearly interpret the nature and expression of risk in P3 projects
translating into failure in sustainable project delivery. Specifically, deficiencies such as poor
risk identification, ambiguous risk assessment, misplaced risk allocation, and insufficient
mitigation plans make these projects highly sensitive and prone to failure [8]. Owing to the
strong demand for the delivery of sustainable P3s, a more robust and comprehensive risk
assessment system is required [9].

The existing studies on risks in sustainable P3s are scarce and focused only on the
assessment of ‘sustainability risks’ i.e., the environmental and social risks [10,11]. But that
is not enough to cater to the complex nature of P3 projects which demand a deeper insight
into the synergies between risk, sustainability, and P3 [12,13]. Risk and sustainability are
two of the most widely interpreted concepts whose inherent epistemological and execution
incompatibilities make it difficult to develop a convergent construct for integrated assess-
ment. Thus, to make the case for developing a sustainability-oriented risk assessment, a
certain level of pragmatism must be adopted drawing on practical interpretations of both
risk and sustainability for project success. A major constraint for sustainability-oriented risk
assessment is that presently the project and sustainability performances are assessed sepa-
rately. To address this issue, sustainability must be brought under the project management
umbrella. In a notable work, Silvius and Schipper [14] conceptualized this integration as
sustainable project management and defined it as “planning, monitoring and controlling of
project delivery and support processes, with consideration of the environmental, economic
and social aspects of the life-cycle of the project’s resources, processes, deliverables, and
effects, aimed at realizing benefits for stakeholders, and performed in a transparent, fair
and ethical way that includes proactive stakeholder participation”. Thus, it is apparent that
the practical application of sustainability involves interrelated project and process levels.
Furthermore, risk identification and management are suggested as a major area of potential
sustainability impact in project management. In this regard, relevant studies make the fol-
lowing recommendations: (1) Extension of risk identification to include environmental and
social risks, (2) Reorientation of risk management towards sustainability, and (3) Inclusion
of sustainability stakeholders in decision-making [9,15–19].

Some studies attempt to conduct a sustainability-oriented risk assessment for infras-
tructure projects. For example, Diaz-Sarachaga et al. [20] proposed a sustainable risk
assessment plan for the sustainable delivery of road infrastructure projects. Shahriar
et al. [21] and Wang et al. [13] adopted graphical risk assessment techniques to profile
consequences on the triple bottom line of sustainability. Qazi et al. [22] used the Monte
Carlo approach for probabilistic risk assessment for environmental risks. These studies
adopted useful approaches but either only studied risk relationships or focused on the
assessment of sustainability risks. They did not focus on integrating sustainability in
the risk management process. Based on this gap, the current study develops a detailed
methodology for sustainability-based risk assessment of P3 projects. The methodology
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involves: (1) linking P3 risks and sustainability indicators through impact matrix, (2) eval-
uating probabilistic risk indices using a Monte Carlo approach, (3) testing the practical
implementation of the methodology on two real case studies from the highway sector, and
(4) suggesting mitigation strategies for real case risks and implementation framework for
study findings.

2. Integrating Risk and Sustainability for P3 Delivery

Various authors have acknowledged the P3 model for its potential to foster sustainable
development [3]. Content analysis of sustainability-related research in P3 projects, in the
perspective of construction management, reveals three potential areas for integration of
sustainability-related criteria in decision-making: policy, process, and product. At the
policy level, sustainability-related outcomes act as an ideological cover for the P3 strategy.
In this regard, legislative, regulatory, and procedural instruments are deployed by govern-
ments to create a favorable environment for sustainable P3 delivery [23]. This ultimately
paves way for product-level sustainability integration. Some studies have addressed a
product-level sustainability integration: the use of the P3 model for delivery of social in-
frastructure [24] and environment-friendly projects [25]. However, the P3 implementation
framework rarely endorses a sustainability agenda creating a gap for process-level inte-
gration. To make the P3 development processes sustainable, a whole life-cycle perspective
is required. The decision-making in P3 projects mainly includes consideration of project
viability, feasibility, risk, contracts, stakeholder, and project management. Multiple studies
have focused on the development of sustainable practices for P3 project delivery [26–28]
suggesting the incorporation of sustainability considerations in various P3 life-cycle phases
to improve sustainability performance. However, the focus has been limited to incentiviz-
ing sustainability through the inclusion of sustainability-related bidding criteria, adopting
flexible contract approaches, effective negotiation, and stakeholder satisfaction [29]. Little
attention has been given to explicitly addressing sustainability-related objectives during
project planning. In this regard, consideration of life-cycle critical success factors, the
inclusion of life-cycle cost during financial evaluation, use of advanced technologies for
P3 life-cycle performance evaluation, life-cycle risk management, and stakeholder engage-
ment are some of the areas of incorporation currently explored [7,30]. Despite a plethora
of sustainability-related frameworks, one major missing link is the unexplored relation
between risk and sustainability. Several studies propose a focused risk assessment as
a solution to sustainability challenges [9,16,17,19,21]. As P3 projects are structured in a
long-term contract, orienting risk assessment towards sustainability is beneficial for effec-
tive assessment. Adopting a life-cycle perspective facilitates considerations of changing
project dynamics in the risk management process essential to reach optimal risk allocation
solutions [7]. Otherwise, long-ranging environmental and social risks remain unaddressed
impairing sustainability [31].

Sustainability and risk are two multi-dimensional concepts open to subjectivity as
per the context of the application. Although there are many definitions of risk, The ISO
31,000 defines risk in any PRM as the effect of uncertainty on project objectives. The
project management institute (PMI) further explains risk as a probable uncertain event
or a condition which upon occurrence can affect one or more project objectives, nega-
tively or positively [32]. Though there are other definitions of risk in the literature, we
take a project view of risk where it is a measurable uncertainty potentially affecting the
outcomes of a project. In construction and infrastructure projects, risk and sustainability
are usually seen as two contrasting or complementing concepts which may or may not
affect each other [33,34]. However, in a generic perspective, their relationship has long been
established [35]. Traditional risk assessment approaches consider short- to medium-term
disturbances affecting time, cost, and quality. The focus on only these objectives can com-
promise the sustainability objectives of the project. From the sustainability perspective,
risks have a higher level of uncertainty, and point-based risk assessment using traditional
risk matrices may not offer sufficient decision-making support to P3 practitioners. On
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the other hand, sustainability assessment mostly follows a triple-bottom-line framework
using the concepts of longevity and security aiming at assessing long-term impacts over the
project life. Moreover, sustainability is focused on project objectives while risk assessment
is focused on minimizing the probability of threats to project objectives or probability of
failure [36]. These complementary features help develop a pragmatic framework for a
joint assessment. A major constraint for sustainability-oriented risk assessment, however,
is that presently the project and sustainability performances are assessed separately in
construction and infrastructure projects. This division of labor deprives the assessment
of the necessary sophistication to understand and act upon the complex outcomes. To
address this issue, sustainability must be brought under the project management umbrella.
In a notable work, Silvius and Schipper [14] conceptualized this integration as sustainable
project management, defined as “planning, monitoring, and controlling of project delivery
and support processes, with consideration of the environmental, economic and social
aspects of the life-cycle of the project’s resources, processes, deliverables and effects, aimed
at realizing benefits for stakeholders, and performed in a transparent, fair and ethical way
that includes proactive stakeholder participation”. For this purpose, sustainability can be
defined per the triple-bottom-line (TBL) framework which can be further broken down
into indicator groups and sub-groups forming a mix of qualitative and quantitative indica-
tors [37]. Using these synergies, a focused risk assessment can be performed by assessing
the vulnerability of sustainability indicators towards the risk nucleus of P3 projects. This is a
scarcely explored yet useful approach to uncover the sustainability consequences of project
risks. Shahriar et al. [21] analyzed risk using graphical risk assessment techniques to profile
consequences on triple-bottom-line sustainability areas. Diaz-Sarachaga, Jato-Espino, and
Castro-Fresno [20] developed a rating system for sustainable road infrastructure projects.
In the framework, a sustainable risk management (SRM) plan has been identified as one of
the important criteria for assessing managerial requirements for the sustainable assessment
of road infrastructure projects. Such a framework is developed for aligning project devel-
opment and implementation with the sustainability goals and criteria [38]. However, these
studies only explore risk relationships or managerial suggestions. To prioritize P3 risks for
sustainability, analytical or metric based assessment needs to be carried out.

Existing literature on risk assessment in P3 projects is either context-oriented or
methodology-oriented. The context-oriented studies focus on exploring the effect of risk
through varying contextual dynamics. The country of project execution, type of project
being delivered, characteristics, procurement method, and life cycle phases [7] are some
of the relevant variables explored in these studies. Additionally, exploring the effect and
perception of risk on various other contract design constraints, for example, concession
period, NPV [39], and contract timing, is an important area of study in P3 literature. On
the other hand, the methodology-oriented studies focus on improving the ranking of risks
through the application of modeling and simulation techniques. These include but are not
limited to fuzzy-logic [40,41] game theory [42], artificial neural networks [43], neuro-fuzzy
techniques [44,45], IRMS [46], and fuzzy-AHP [47]. However, these studies are focused
on improving the precision of the risk analysis process, i.e., achieving greater precision
in risk measurement. There is limited research related to P3 risk management focused on
analyzing risk for developing sustainable P3 projects. Furthermore, the use of advanced
modeling and simulation approaches has lower practicality in terms of industry adoption.
Hence, a compatible approach with existing industry practices needs to be explored. In this
regard, Qazi et al. [22] used a Monte Carlo based risk assessment for sustainability risks
in construction projects. This approach helps in developing the stochastic risk ranges for
the project incorporating the uncertainty of project associated risks and prioritizing critical
risks according to practitioners’ risk appetite. This approach has high compatibility with
the existing risk matrix-based assessment which is the main attraction of the process.

The current study uses a similar approach for risk prioritization of P3 projects linking
P3 risks with sustainability indicators through process integration. Overall, a process-
based approach is adopted for conducting a sustainability-based risk assessment for P3
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projects. In this regard, sustainability considerations are included in every phase of the
PRM. For the development of methodology, multiple relevant studies surrounding the
integration of risk and sustainability were considered [9,12,19,48–50]. In the developed
approach, expert opinion has also been taken into account through a rigorous survey of
experts, which conforms with the multi-criteria decision-making approach (MCDM) used
for triple-bottom-line sustainability assessment in projects [51]. The approach can be used
in the early decision stages of the project life of complex projects like P3 which are based
on long-term contracts. These projects face many risks and have a direct impact on the
country’s economy. Therefore, the developed approach can help choose between various
project alternatives available, and also aid in identifying proactive management approaches
for risks [36,52].

3. Selection of Sustainability Indicators and P3 Risk Factors

A detailed systematic literature review for the identification of P3 risks and sustain-
ability indicator groups was conducted, as explained in this section. A systematic review
of P3 literature published during the period 2000–2020 was carried out to develop the
literature-based process level framework for risk-sustainability integration. Articles were
extracted from different indexing databases such as Web of Science (WoS) and Scopus, and
publishers like Taylor and Francis, ASCE and Elsevier, using keywords “public-private
partnership”, “P3”, “BOT”, “DBFM”, “TOT”, “BOO”, and “P3”. The systematic screening
of relevant articles is shown in Figure 1.
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For these articles, a thematic analysis revealed several research themes from which
journal articles directly contributing to the domains of ‘sustainability in P3 projects’ and
‘PRM for P3 projects’ were selected. As the crossover research for sustainability and risk
management for P3 projects is still evolving, the 23 articles on ‘sustainability in P3 projects’
were used to select the sustainability indicators for assessment, whereas the 152 articles
identified for ‘PRM for P3 projects’ were further screened to include articles contributing to
the development of P3 risk taxonomy.
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3.1. Sustainability Hierarchy

The current study uses the triple-bottom-line (TBL) of sustainability which repre-
sents a combination of indicator groups and sub-groups of qualitative and quantitative
nature [37,53]. These indicators can be used to perform a focused risk assessment by assess-
ing the vulnerability of sustainability indicators towards the risk nucleus of P3 projects. In
relevance to road projects, various studies proposed the traditional TBL breakdown for the
sustainability assessment of P3 projects [31,54]. In the existing literature, the sustainability
indicators for TBL tend to focus on procurement, planning, or design [28,31]. However, no
single study has offered a clear, standardized, and global set of indicators for sustainability
assessment at a holistic and overall project performance assessment level. The use of a
standard and global set of indicators, covering a comprehensive range of impacts, is more
helpful for decision-making. As in the case of P3, the indicators should be enforceable at
the policy level as well. Thus, relevant literature was reviewed to select indicators in each
sustainability area, as shown in Table 1.

Table 1. Triple-bottom-line sustainability indicators.

Sustainability Area Code Indicators

Financial Sustainability (FS)
I1 Initial cost

I2 Life-cycle cost

Social Sustainability (SS)

I3 Socio-economic repercussions

I4 Health and safety

I5 Cultural heritage

I6 Governance

I7 Human rights

Environmental Sustainability (ES)

I8 Resource damage

I9 Ecosystem damage

I10 Human health

Within these indicator groups, inventory level indicators can be specified varying from
project to project. As the aim of the study is to help decision-makers initiate the integration
of sustainability into the PRM framework, technical level inventory indicators have not been
used but can be assessed in future studies. For environmental sustainability, Goedkoop,
et al. [55] have proposed human health damage, ecosystem damage, and resource damage
as environmental indicators, which further contain a detailed variety of impacts [56]. For
social sustainability, UNEP/SETAC guidelines and methodological sheets have been used
for the selection of impact categories [57]. These categories are stakeholder-based. For this
study, five impact categories are selected as shown in Figure 2. This is in line with Ahmad
and Thaheem [58]. For financial sustainability, literature establishes the initial capital and
life-cycle costs as two main indicators [59]. These are directly related to the functions of Net
Present Value (NPV) and Internal Rate of Return (IRR), which are used for an economic
evaluation of P3 projects [60,61]. Therefore, this study used initial and life-cycle costs as
financial sustainability indicators.
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3.2. Critical Risks of P3

Studies published between the years 2000 to 2020 were identified through rigorous
content analysis for identifying risks relevant to P3 infrastructure projects. For the litera-
ture review synthesis, 134 risk factors were recognized initially from 44 relevant studies.
Similar factors were merged into representative categories and sub-categories, consisting
of 70 unique global risk factors. A detailed taxonomy of these factors is shown in Table S1.
To synthesize the risk factors for assessment, 20 risk factors (R) were shortlisted for further
analysis from 70 unique factors based on a higher relative literature score as shown in
Figure 2. This literature score was calculated based on both quantitative and qualitative
assessments through Equation (1) [62,63]

Literature Score = Qualitative Score × Quantitative Score (1)

For quantitative assessment, the frequency of occurrence (f) of a certain risk factor was
noted at first. The factors were then qualitatively analyzed for their impact over a range of
low (1), medium (3), or high (5) scales through a full-text content analysis of the journal
articles. The articles were thoroughly scrutinized to explore the contextual significance
of the risk factors. Finally, the two scores were combined to form a literature score as per
Equation (2) [62,64].

LS = Qualitative Score ×
(

Frequency of risk (f)
Total frequency × Highest Score

)
(2)

Cumulating the literature score, the risk factors contributing to over 50% of the overall
literature score were shortlisted.

As shown in Figure 2, 20 risk factors (R) were shortlisted for further analysis based
on the values of LS determined through Equation (2). Please note that in the taxonomy,
each risk factor is shown with notation Risk Name (QS, CS, and Rank) representing its
name along with qualitative score (QS), cumulative score (CS), and assigned rank. The
description of all the shortlisted risks is provided in Table S2.

4. Research Methodology

To conduct a sustainability-based risk assessment, the study followed a three-phase
process as shown in Figure 3. At first, a ‘study concept’ is developed based on a preliminary
literature review. Based on this, three phases of project risk management are highlighted
for the incorporation of sustainability considerations. These phases are labeled as A, B,
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and C and later explained in Section 4.1. The methodology corresponding to each phase is
subsequently labeled as ‘research methodology’ in the figure and explained in Section 4.2.
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4.1. Sustainability-Based Risk Assessment Methodology

First, a systematic review of published literature was performed to identify P3 risks,
called critical risk factors (CRFs) and suitable sustainability indicator groups explained
in Sections 3.1 and 3.2, respectively. Further, an impact matrix is developed to highlight
significant risk–sustainability relationships (RnSx) through structured interviews. Then,
the probability (Pi) and impact (Ij) of the risk factors are estimated through expert opinion
through an international questionnaire survey. The survey results are then modeled using
the Monte Carlo simulation (MCS) method and identified probabilistic risk ranges. By
using multi-step regression analysis, risk weightings of all sustainability indicators are
measured. The findings of the study are finally validated through real-life case studies and
mitigation strategies are developed for CRFs using semi-structured interviews. Details of
the methods adopted for the research outcomes have been fully explained in Section 4.2.

4.2. Data Collection

The data collection has four main parts: (i) structured interviews for shortlisting risk-
sustainability relationships, (ii) an international survey for conducting a probability-impact
assessment of risks, (iii) semi-structured interviews for devising risk mitigation strategies
and rating of risks, and (iv) contextualizing and validating the findings through project
case studies.

4.2.1. Structured Interviews

To shortlist the significant relationships between individual impact categories (SI1–SI10)
and risk factors (R1–R20), structured interviews were conducted. For this purpose, a
qualitative impact matrix of 20× 20, consisting of 200 possible relationships was formulated.
A focus group of five professionals from academia, having a relevant background to the
study, was selected. The demographics of the respondents for the focus group study are
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shown in Table 2 which increases the credibility of these findings since both academic and
industry domains are represented by substantially qualified and experienced professionals.

Table 2. Interviewee Details.

Sr. No. Degree Relevant Experience Area of Expertise Country Background

1 PhD 6 years Sustainability
Assessment Pakistan Academia

2 PhD 12 years
Sustainability
Assessment
/Roads/P3s

Pakistan Academia

3 MS 8 years
Risk

Management/Roads
/P3s

Pakistan Industry

4 PhD 9 years P3s/Risk Management Pakistan Academia

5 MS 28 years P3s/Roads/
Risk Management Pakistan Industry

Each of the respondents was asked to rate the impact of each risk on individual sustainability indicators on a
5-point Likert scale (1—Very Low, 2—Low, 3—Medium, 4—High, and 5—Very High). All the relationships, having
greater than two impact levels were considered significant. Based on this method, 68 significant relationships
were identified.

4.2.2. Questionnaire Survey

To conduct a probability-impact assessment on the shortlisted 68 relationships, an
international online survey was conducted using Google Forms. Adopting this method
helps reduce response bias of social desirability, extreme opinion, and demand character-
istics of being involved in a survey [65]. Following the snowballing technique [66], over
1500 experts from industry and academia were approached via emails and online social
and professional networks. This helped ensure a random sample to prevent any sampling
bias. The respondents were asked to rate the probability of occurrence of each risk-indicator
relationship in the format shown in Figure 4. To control the contextual interpretation of the
posed questions based on the predisposition and perception of the respondents [67], each
question was supplemented with relevant details to maintain coherence and reduce any
response bias.
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4.2.3. Semi-Structured Interviews

Furthermore, relevant project experts with a minimum of ten years of experience
were interviewed regarding issues faced during project implementation and relevant risk
mitigation strategies to overcome such issues for future projects. This was a lesson learned
exercise giving useful insight into the on-ground reality of project execution. They were also
asked if they agreed with the model results, identified critical risks, rankings developed,
and any other risk that they would like to suggest. Interviewees’ information is shown
in Table 3.
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Table 3. Interviewee Demographics.

Sr. No. Relevant Experience (yrs.) Relevant
Organization

Designation in
Organization

1 16 Private Sector Manager P3 projects
2 8 Private Sector Asst. Manager P3 projects
3 15 Public Sector Director P3
4 28+ Public Sector General Manager P3
5 16 Public Sector Manager Planning
6 10 Public Sector Deputy Director P3

4.2.4. Case Study Development

To demonstrate the model, two comparative case studies of P3 motorway projects were
identified. The information of the case studies was collected through project documents
such as feasibility reports, evaluation reports, risk registers, newspaper articles, and expert
opinions. The projects are briefly described in Table 4.

Table 4. Project Case Data.

Project Name M2 (Lahore-Islamabad Motorway
Overlay and Modernization)

M11 (Construction of Lahore-Sialkot
Motorway)

Budget Approx. PKR 46 Billion Approx. PKR 44 Billion

The financial mix of the project
PKR 25.78 billion from debt
PKR 11.05 billion and PKR 9.18 billion
from toll during construction

PKR 12.6 billion from debt PKR 6.8 billion
and PKR 1.4 billion from toll during
construction, and PKR 18 billion and PKR
5 billion from Govt. of Pakistan (GOP)
contribution and GOP loan respectively.

Financial Close December 2014 December 2015

Project Timeline

Construction period 3 years (including
6 months financial close period),
Operations period 17 years (including
7 years debt repayment period)

Financial close period 6 months,
Construction period 2.5 years, Operations
period 22 years (including 8 years debt
repayment period)

Length 367 Km 90 Km

Project Status In the operations phase since 2016 In the operations phase since 2020

Expected Financial Profit to Government NHA revenue share PKR 209
Billion GOP taxes PKR 57 billion GOP taxes worth PKR 28.65 billion

Concessionaire

M/s Motorway Operation &
Rehabilitation Engineering (Private)
Limited—a subsidiary of M/s Frontier
Works Organization (FWO), Pakistan

M/s Motorway Overlay and
Rehabilitation Engineering Company
(MORE)-a consortium of FWO, Bin
Nadeem Associates (BNA), and Zeeruk
International

Concession Period 20 Years 20 Years

5. Development and Implementation of the Model

The model’s development and implementation have three parts. First, the possible
relationships of risk factors and sustainability indicators are explored in Section 5.1. Af-
terward, a probability-impact assessment is conducted for the significant relationships in
Section 5.2. Finally, the model for sustainability-based risk assessment is presented and
simulation results are discussed in Section 5.3.

5.1. Impact Matrix for Significant Risk–Sustainability Relationships

Based on the rating through structured interviews, 68 significant relationships were
identified as shown in Figure 5. It is difficult in P3 infrastructure projects to trace the
impact of a certain risk on relevant sustainability indicators. Therefore, the impact matrix
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helps decision-makers in reaching a less complicated strategy for further assessment of
selected risks. From the figure, it is apparent that life-cycle cost (I2), a financial sustainabil-
ity indicator, shares a significant relationship with all the shortlisted risks. This implies
that all significant risks directly or indirectly affect the life-cycle financial performance of
the project. Similarly, socio-economic repercussions (I3), which is a social sustainability
indicator, are affected by 15 significant risks. On the contrary, cultural heritage (I5), re-
source damage (I8), and ecosystem damage (I9) show only one significant risk relationship.
Notably, the number of risk–sustainability relationships provides an overall insight into the
consideration of relationships in the later stage of the analysis. For example, resettlement
and rehabilitation risk (R6) is the only risk significantly impacting cultural heritage (I5) but
it has a significant relationship with 5 out of 10 sustainability indicators. Thus, a detailed
analysis of these relationships is required to obtain a deeper insight into the complex risk
system for sustainability.
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5.2. Sustainability-Based Risk Assessment Model Development

The risk model was demonstrated using the interrelationships assessed from the im-
pact matrix. Model inputs and outputs were defined based on dependent and independent
variables, and their interrelationships. Each of the 68 probabilistic risk distributions of
individual risk-sustainability indicator relationships was used as an independent input to
the model. The developed generic statistical model is given in Equations (3) and (4) where
Rsi is the indicator risk index, Pri is the probability of risk impacting sustainability indicator,
Iri is the impact of risk, and Rts is the risk index for total sustainability.

Risk Index for any sustainability indicator = Rsi = ∑i→n
1 (Pri × Iri) (3)

Risk Index for total sustainability = Rts = ∑i→n
1 Rsi (4)

The model is based on the following assumptions and limitations:

(1) All risks are threats, and all sustainability impacts are positive benefits and opportu-
nities.

(2) All risks occur independently.
(3) Data is not assumed to be normally distributed.

First, the risk index value for each relationship (RnSx) was obtained following the
Vose [68] PI model for risk measurement. The risk index values were then normalized
using the divide-by-maximum (DBS) method [69]. To find the best-fit curve for each of the
relationships assessed, distribution fitting was applied using the chi-squared statistic [70].
MCS was then run using the mean values Rsi to assess the sensitivity of the indicators
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towards the risks. The analysis was run for 1 simulation and 5000 iterations using Latin
hypercube sampling, which uses random stratified sampling [71]. MCS uses stepwise
multiple regression to rank each indicator based on their level of risk, the generalized
regression models for which are represented by Equations (5) and (6).

Risk on sustainability (Rts) = ∑n
i→n rci × Rsi + ci (5)

Risk on sustainability indicators (Rsi) = ∑n
i→n rci × ri + ci (6)

5.3. Probability-Impact Assessment

Using the shortlisted risk-sustainability relationships, a PI-based risk assessment was
conducted for which the data for the probability (P) and impact (I) of each relationship was
collected using the international survey which was further used for simulating risk impacts.

5.3.1. Statistical Characteristics of International Survey Data

A total of 150 valid responses were obtained against the required sample size of
96 responses for a population size of 40,000+ with a sampling error of ±10% at 95% confi-
dence [72]. The demographic information of respondents is shown in Figure 6. Figure 6a
shows that consultants and project engineers represent the largest cohort of the respon-
dents, and the three main stakeholders (consultant, client, and contractor) were sufficiently
involved in data collection as shown in Figure 6b. Furthermore, almost three-fourths of the
respondents (72%) had a postgraduate qualification (Figure 6c) and almost half of them
(48%) had a professional experience of over 10 years (Figure 6d). Lastly, all the major
organizational types, government, semi-government, and private, were significantly repre-
sented by the respondents (Figure 6e), and almost three-fourths of them (74%) belonged to
lower-middle-income countries (Figure 6f).
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For the international survey, several statistical methods were applied using SPSS
Statistics 24 to test the validity of survey responses. The metrics of Cronbach’s Alpha (α)
and corrected item-total correlation (CITC) were utilized to check the internal consistency
and reliability of the scale. In total, 136 relationships were tested for which values of α
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and CITC were in the ranges 0.513–0.912 and 0.7–0.956, respectively. Both these ranges
are above the recommended limits; >0.5 for CITC and >0.7 for α [70]. Furthermore, the
respondents belonged to three major groups based on income: lower-middle, upper-middle,
and high-income as per World Bank classification. As the number of groups was >2, the
datasets were unequal and not assumed to be normally distributed. Therefore, Kruskal-
Wallis H-test and effect size (ES) was performed to test if the responses were significantly
different based on their geo-economic distribution. Out of the 136 tested cases, H0 was
rejected for 32 cases. Since, Cohen [50] suggested that if ES < 2xSD (standard deviations),
the effect can be regarded as insignificant, and the results can be generalized for the entire
dataset. For all the cases tested, ES was within 1xSD. Thus, the data was found to be
internally consistent, homogenous, and reliable. Moreover, the concern for bias in the
responses has been addressed qualitatively while designing the questionnaire instrument
and selecting methods explained before.

5.3.2. Modeling and Simulation

For each sustainability indicator, the probability density functions (PDF) were sim-
ulated using MCS to obtain probabilistic mean risk ranges as per Equations (3) and (4).
The simulation results are summarized in Table 5. The probabilistic risk distributions were
then modeled to reflect the overall risk impact of total sustainability through Equation (5).
Overall, the mean risk index value for sustainability is 24.83 with a 45% probability that the
risk will be above this value as shown in Figure 7a. However, the minimum and maximum
risk limits can be used to develop risk threshold or tolerance limits. Overall, there is a
90% probability for the risk being in the range of 20.1–29.8. This implies that there is a
95% chance that the mean risk will be 24.83. The minimum value of the overall risk for
sustainability is 17.82 and the maximum is 68.18. This implies that for a given P3 highway
project, the overall estimated threat level ranges between 17.82 and 68.18 on a true scale
if all the considered risk factors act together. These values can be used as minimum and
maximum risk threshold levels for decision-making. A tornado diagram for overall sus-
tainability ranking is shown in Figure 7b where human health is found as most sensitive to
risk with the highest range for completion risk. This implies that if projects fail to complete
within the stipulated time, the most significant impact will be on human health due to the
increased and prolonged exposure to pollution, emissions, dust, and smoke causing both
physical and emotional trauma.

Table 5. Simulation Results.

SI No. of Risks
Probability Distribution Statistics Risk Ranking

Min Mean Max 5% 95% SD 1 2 3 4 5

I1 9 0.76 3.04 7 1.6 4.66 1.39 R20 R16 R19 R15 R17

I2 20 3.37 7.29 12.24 5.12 9.73 0.92 R3 R20 R19 R17 R16

I3 15 1.85 5.04 10.7 3.18 7.18 1.22 R20 R3 R18 R16 R8

I4 4 0.04 1.47 5.26 0.57 2.67 0.67 R18 R9 R9 R15 R12

I5 1 0.02 0.37 2.27 0.01 0.92 0.29 R6 R6

I6 7 0.41 2.73 6.51 1.46 4.17 0.82 R8 R16 R19 R20 R17

I7 3 0.01 1.18 3.35 0.299 2.15 0.57 R16 R17 R15

I8 1 0.02 0.37 6.95 0.01 1.08 0.42 R18

I9 1 0.002 0.45 1 0.005 0.99 0.35 R18

I10 7 0.516 2.67 55.01 1.11 5.03 2.66 R10 R18 R7 R8 R9

TS 15.7 24.6 73.8 20.1 28.3 3.67 I10 I2 I3 I1 I6
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Notably, the life-cycle cost has a maximum number of risks acting on it but is ranked
lower than human health. This is due to the often-predictable nature of cost impacts
with well-defined mitigations [51]. For social sustainability, the socio-economic repercus-
sions indicator has the highest value of the risk index. This is because of the contextual
variation between projects. Unforeseen risks can also create wide-ranging impacts and
socio-economic repercussions. Regression modeling was then carried out for all the sustain-
ability indicators to calculate the weights of their impact on total sustainability as expressed
in Equations (5) and (6). The results revealed the sensitivity of every sustainability indicator
for P3 risk factors. The same is represented here in Figure 7b through a tornado chart which
ranks the dependent variables (risks) on basis of their effect on independent variables
(sustainability indicators) based on their comparative regression coefficients.

In the case of total sustainability, this ranks the indicators in order of their impact on
the overall sustainability risk on the project presented in Equations (5) and (6). Generally,
the regression coefficient value signifies the measure of the change in output per unit
change in input. It is noted that the effect of each risk is assessed independently. Therefore,
this analysis is useful to identify the focus of a risk chain on a particular impact. The
derived regression equations for each of the sustainability indicators are represented as
Equations (8)–(14) in Table 6.

Table 6. Regression Equations for all indicators and total sustainability.

Indicator Regression Equations Eq. No.

TS Rts = −2.9 + 0.25I1 + 0.38I2 + 0.34I3 + 0.18I4 + 0.08I5 + 0.23I6 + 0.15I7 + 0.11I18 + 0.1I9 + 0.72I10 (7)

IC RIC = 0.04 + 0.39∗R20 + 0.39∗R16 + 0.38∗R19 + 0.36∗R17 + 0.31∗R1 + 0.31∗R6 + 0.3∗R2 + 0.28∗R3 (8)

LCC RLCC = 1.37 + 0.26R3 + 0.26R20 + 0.26R19 + 0.25R17 + 0.25R16 + 0.24R4 + 0.24R15 + 0.24R9 +
0.23R7 + 0.23R10 + 0.22R12 + 0.22R18 + 0.21R8 + 0.21R14 + 0.2R11 + 0.19R1 (9)

SER RSER = −0.02 + 0.28R3 + 0.28R18 + 0.28R20 + 0.27R16 + 0.27R19 + 0.27R8 + 0.25R5 + 0.25R12 +
0.25R17 + 0.25R6 + 0.24R7 + 0.22R10 + 0.22R14 + 0.22R4 + 0.2R15 (10)

H&S RH&S = 0.55R18 + 0.52R9 + 0.44R15 + 0.42R12 (11)

Gov RGov = −0.01 + 0.43R19 + 0.43R8 + 0.42R16 + 0.37R20 + 0.35R17 + 0.34R12 + 0.31R15 (12)

HR RHR = −0.01 + 0.64∗R16 + 0.6∗R17 + 0.52∗R15 (13)

HH RHH = −2.73 + 0.71R10 + 0.7R18 + 0.07R7 + 0.06R8 + 0.06R9 + 0.06R6 + 0.06R12 (14)
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6. Model Validation through Case Studies

The application of the sustainability-based risk model is presented in Table 7. In the
case studies, the values of risk for total sustainability are calculated using Equation (5). For
M-2, this value is 50.3. However, for M-11, the value is 43.4. These values are relative and
can be used for project comparison or alternative selection during feasibility aiding risk
assessment. Each of the risks was rated on a scale of 0–1 for their impact on the project. The
sum of the risk level on each indicator was then multiplied with the regression coefficients
obtained in Equation (5) to get the values of Rsx for each sustainability indicator. The
regression coefficients (rc) obtained from the software are represented in terms of standard
deviation (SD). These values are multiplied with SD of output and divided by SD on the
input to get the descaled value of rc (Drc). For example, to obtain Drc for IC, we use the
calculation as follows: (0.25∗3.67)/1.39 = 0.66, where 3.67 is the SD for TS. These descaled
values are then used to calculate the risk level on each indicator, Rsx. Finally, the values of
Rsx are compared with the risk ranges obtained in Table 8 to see the risk performance of
all sustainability indicators and the total sustainability, sustainability indicators, and total
sustainability. All indicators except LCC have risk values in the range defined through
simulation of the general risk model. This reflects on the robustness of the model and its
capability to be used as a reliable tool for risk assessment. In the case of LCC, the risk values
show abnormality because of the high level of country-related risk in the case of Pakistan.

Table 7. Risk performance of case studies in terms of sustainability.

SI
Case Study 1 (M-2) Case Study 2 (M-11) Risk Ranges

Sum rc1 SD Drc1 Rsx Sum rc2 SD Drc2 Rsx Min Mean Max

IC 6 0.25 1.39 0.66 3.96 5.8 0.25 1.39 0.66 3.83 0.76 3.04 7

LCC 13.5 0.38 0.92 1.52 20.5 13.9 0.38 0.92 1.52 21.1 3.37 7.29 12.2

SER 10.1 0.34 1.22 1.02 10.3 9.5 0.34 1.22 1.02 9.72 1.85 5.04 10.7

H&S 3.1 0.18 0.67 0.98 3.06 2.1 0.18 0.67 0.99 2.07 0.04 1.47 5.26

CH 0.7 0.08 0.29 1.01 0.71 0.7 0.08 0.29 1.01 0.71 0.02 0.37 2.27

GN 5 0.23 0.82 1.03 5.15 4.4 0.23 0.82 1.03 4.52 0.41 2.73 6.51

HR 2 0.15 0.57 0.97 1.93 2 0.15 0.57 0.97 1.93 0.01 1.18 3.35

RD 0.9 0.11 0.42 0.96 0.87 0.5 0.11 0.42 0.96 0.48 0.02 0.37 6.95

ED 0.9 0.1 0.35 1.05 0.94 0.5 0.1 0.35 1.05 0.52 0.002 0.45 1

HH 5.2 0.72 2.66 0.99 5.17 4.4 0.72 2.66 0.99 4.37 0.52 2.67 55.01

TS 48 - 3.67 - 50.3 42 - 3.67 - 43.4 15.7 24.6 73.8

Note: Sum = Summation of risks index values for each indicator, rc = Regression coefficient, SD = Standard
deviation, Drc = descaled regression coefficient, Rsx = Risk level on each indicator.
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Table 8. Mitigation Strategies for Case 1.

Risk Relevant to Project Relevant Sustainability Indicator Suggested Mitigations

Accident due to negligence
and poor workmanship Health and Safety (H&S)

S1-Performance monitoring and procedural control system
over project life-cycle
S2-Design adherence to safety standards
S3-Design requirements for access to people and animals

Corruption Human Rights (HR) S4-Strong accountability system

Frequent toll changes and
public opposition

Governance (GOV) S5-Translation of organizational experiences into policy
procedures

Cultural Heritage (CH)

S6-Guarantee on toll rate
S7-Additional revenue streams
S8-Better relationship management with the local
community and government

Lack of confidence in local
resources

Ecological Damage (ED) E1-Recycle and reuse waste material (asphalt)
E2-Proper hydrological studies before design

Human Health Damage (HH) E3-Environment and safety controls/Strict EPA criteria

Availability of resources Life Cycle Cost-(LCC)

F1-Innovative design techniques
F2-Alternative construction techniques or resources locally
available
F3-Appointing QA/QC inspector

Air Pollution and Risk of
raised soil toxins

Ecological Damage (ED) E4-Environmental monitoring over life-cycle

Resource Damage (RD)

E5-Implementation and safeguard of environmental policies
E6-Appointing environmental specialists in the project team
E7-Tree plantation
E8-Selection of environment-friendly materials

6.1. Lahore-Islamabad Motorway Overlay and Modernization Project (M-2)

During the construction, the project faced a lack of coordination and communication
between the stakeholders as quoted by the DPM office. The increased risks of rework
were due to poor quality management and the rushing through of the work. A follow-up
inspection issued nonconformance for a 6-km patch and was served a reconstruction notice.
Since the road has gone into operation, accidents occur frequently on several blind sections,
especially the section crossing the salt range. Patrício and Ferreira [73] surveyed road
users to identify the influencing accidents on motorway M-2. It was found that careless
driving, dozing off at the wheel, a continuous crossing of the yellow line while driving,
brake failure in hilly areas (salt range), tire burst, and improper informatory signs on M-2
are significant causes. Apart from human life loss in accidents, animals are also frequently
hit by passing cars as the motorway is located in rich habitat. A study reported the fatality
of at least 392 animals during a two-year study period [74]. In this scenario, mitigation
strategies S1, S2, and S3 can significantly help improve the health and safety situation on
M-2 as suggested in Table 8. When the value of risk on LCC is compared with the defined
limits, it surpasses the expected values. This can be attributed to the fact that on M-2,
project demand and frequent contract variations are high. These risks are translated into
the unexpected rise in toll rates increasing the risk of public opposition to the project. In
the contract for M-2, it was the responsibility of the client, the National Highway Authority
(NHA), to issue a public notice before any increase in toll, or changes in the contract.
However, the toll was increased by 10% in 2020 without warning. This is in line with the
issues identified by experts. The relevant mitigation measures for such a risk can be S4, S5,
S6, S7, and S8. It should also be noted that the use of recycled asphalt was considered in the
M-2 project, but this was not used after initial lab tests due to apparent non-conformance of
standards. The mitigation strategies E1, E2, and E3 can help reduce the risks. The risk of the
availability of resources remained very high in the project. For example, it was envisaged in
the project documents that the performance grade bitumen/super pave method would be
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used but the required machinery and experienced staff were not available. The suggested
mitigation strategy, in this case, can be F1, F2, and F3 (see Table 8). The risk-on resource
and ecosystem damages are very high for the M-2 project due to an increase in air pollution.
Khalid, et al. [54] found significantly raised levels of carbon and nitrogen in the vegetation
in surrounding areas of M-2. So, E4, E5, E6, E7, and E8 are the relevant mitigation measures
that can help keep toxicity levels under control.

6.2. Lahore–Sialkot Motorway Project (M11)

Like M-2, risks on financial sustainability indicators were quite high for M-11. This
is prevalent from the increase in budget from 14 to 44 billion, devaluation of the currency,
and delay of the project for several years. Such a risk scenario can be better managed by
adopting F1, F2, F3, and F4 strategies (see Table 9). On the motorway, the safety risk is high
due to lack of traffic police invigilation, and a high number of accidents, robberies, and
even sexual assault have been reported deeply impacting governance and discouraging
travelers from using the road, impacting the project revenues. Strategies S1, S2, S3, S4, and
S5 can be used to overcome these issues (see Table 9). Additionally, there are no service
areas or petrol pumps on the motorway which causes a nuisance, especially for nighttime
travelers, increasing the risk of social disapproval. Strategies S6 and S7 can be beneficial
for the improvement of this issue. This situation has worsened over the recent COVID-19
pandemic, as the number of on-duty staff has reduced due to social distancing. Situated
very near the border, the motorway also holds a strategic position in case of border tension.
It has also been reported that the local language is not written correctly on the signboards
hurting public sentiment and increasing the risk of damaging cultural heritage. To reduce
cultural heritage impacts, strategies S7, S8, S9, and S10 can be used. From this discussion, it
can be deduced that prior detailed assessment can prevent hidden long-term impacts of
the projects.

Table 9. Mitigation Strategies for Case 2.

Risk Relevant to Project Relevant Sustainability Indicator Suggested Mitigations

Financial Risk Initial Cost (IC)

F1-Prioritization of projects with lesser political risks
F2-Government investment to ensure support (VGF)
F3-Selection of the appropriate P3 model
F4-Appointing financial experts

Unsafe Roads Health and Safety (H&S)

S1-Performance monitoring and procedural control
system over project life-cycle
S2-Design innovation (use of intelligent
transportation system)
S3-Design adherence to safety standards
S4-Road Surveillance at night
S5-Emergency response service dedicated to every
road section with clear roles and responsibility
structure

Lack of sufficient petrol
stations and rest areas causing
social disapproval

Socio-Economic Risk (SER)
S6-Public feedback mechanisms
S7-Conducting detailed socio-economic impact
assessment

Health and Safety (H&S) S8-Design requirements for managing access and
estimating user requirements properly

Hurting Public Sentiment Cultural Heritage (CH)

S7-Conducting detailed socio-economic impact
assessment
S9-Better relationship management with the local
community and government
S10-Considering social factors in selecting road
alignment
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7. Proposed Implementation Framework

A heuristic framework to enable sustainable risk management in actual P3 projects is
presented in Figure 8. Incorporating risk assessment and case study results, the framework
proposes a reformed risk register for the purpose, which can be used as a tool for the
assessment of the project (refer to Figure 8). Firstly, a risk breakdown structure is developed
categorizing the risks over the P3 project life compatible with sustainability ideology. For
shortlisting risks for further assessment, the identified risks are rated individually. Secondly,
to perform a sustainability integrated risk assessment, a life-cycle approach is adopted
modifying the risk assessment process. Although the current study has not extended
the risk assessment to analyze the changes in risk impacts during different project stages
systematically, it has addressed the notion of life-cycle dynamics by analyzing the risks
(Rx, Ry, Rz, . . . . . . Rn) for their impact on sustainability indicators (SIxn, SIyn, . . . . . . SIzn)
having both short- and long-ranging TBL impacts on the project environment. Analyzing
the risk and sustainability impact interaction holistically is crucial in overcoming the short-
term approach of the risk assessment process. This is a challenging task, attempted in
the current study by a PI-based model by simulating the risk levels into probabilistic
ranges and regression analysis for assessing the impact of individual critical risks on the
sustainability indicators.
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Project stakeholders are key to enabling risk–sustainability integration. An externally-
based risk assessment is a keystone of efficient stakeholder engagement during the early
planning of P3 projects, ensuring sustainability in (and of) the planning process. For this
purpose, modifications in the risk register are proposed including columns for ‘affected
stakeholders’ for each critical risk and how they will be affected by each CRF if it occurs by
assessing the ‘nature of the impact on each stakeholder’. This can result in cost and time
saving for separate stakeholder analysis, and social impact assessment forming integrated
responsible teams. The developed risk register can be updated periodically to include
dynamic life cycle changes. For example, stakeholders in P3 projects are of two main types:
external (Ea, Eb, Ec, . . . . . . En), and internal (Ii, Ij, Io, . . . . . . In). Both have different stakes
in the project over the P3 contract duration. This is a possible future direction of the study.
Other directions include studying the risk allocation structure for sustainability-based
risk assessment.

In the current study, the sustainability indicators used for assessment are the sub-
categories of sustainability indicators. For a purely quantitative study, inventory indicators
need to be specified against these sub-categories for the desired application area through
appropriate selection of the unit of analysis as presented in the “Future work” section of
Figure 8. This will enable project managers to interpret sustainability under the project
management umbrella and help conveniently and factually assess the real measure of
risk impacts. In the proposed micro-level assessment at this stage, consideration of risk
interrelationships, causalities, and the interrelations between sustainability indicators can
be useful in proactively revealing issues. Though it may be impossible in concrete terms,
various dynamic modeling techniques, like system dynamics, can be used for this purpose
in the future.

8. Conclusions and Recommendations

The study has evaluated the impact of P3 risks on sustainability TBL. The impact of
various risks is traced using a semi-quantitative approach. Through MCS, probabilistic
risk ranges and risk levels are highlighted. This study helps P3 decision-makers to explore
the long-ranging risk impacts over the dynamic project environment. Results reveal that
human health damages are the most sensitive sustainability impact category sharing a very
significant relationship with completion risk, creating unforeseen, comprehensive negative
sustainability impacts. The study also reveals rich data for conducting more refined and
sophisticated studies. The relationships established between the risks and sustainability
indicators through the impact matrix help practitioners identify new causal information
between the risk-sustainability interaction. The presented implementation framework
in Section 6 also guides the practitioners to use our work in practice. In Figure 8 of
Section 6, a risk matrix has been presented based on the results of this study which includes
sustainability indicators that can serve as a simple tool of preliminary risk assessment in
terms of sustainability.

Limitations of the study include the possibility of self-bias in risk categorization. To
curb this, relevant literature has been consulted to keep logical consistencies in reasoning
and theoretical constructs have been developed for the sake of a pragmatic assessment.
Additionally, all the interviewees consulted for case studies had the same country of
experience, Pakistan. Despite this, countries, where P3 is usually a natural choice for
infrastructure projects, can benefit from the findings of the current study. Application of
mitigation strategies in countries with different socio-political conditions and risk exposure
may still be difficult. Future studies can improve upon this limitation. Another limitation
of the study is its assumption of risks to be independent. Therefore, as a possible prospect,
it is recommended to delve deeper into the quantification of impacts on inventory-level
sustainability indicators. For a more accurate assessment, it can be useful to look into
the life cycle assessment frameworks and identify the quantitative level indicators for
sustainability-risk integration. Sophisticated dynamic modeling for risk assessment under
micro-level risk interaction can be considered for this purpose. Future studies can consider
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modeling approaches such as agent-based modeling (ABM) or System Dynamics (SD) for
the assessment of microlevel impacts. The use of fuzzy modeling can help quantify the
qualitative factors in the study. Additionally, for future assessment, positive risks, and risks
occurring due to the inclusion of sustainability criteria in P3 projects can be two interesting
perspectives of the problem.
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