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Abstract: Public—private partnerships (PPPs)-driven infrastructure projects frequently disappoint
in terms of sustainability outcomes. This paper substantiates this. It develops and presents an
institutional design that can integrate environmental and social sustainability principles into PPP in-
frastructure projects (sustainable PPPs). The institutional design includes principles for the planning
processes (preparation, procurement, contracting) and outcome indicators. The paper builds upon
and synthesizes extant research through a literature review that employs the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA) statements. The review covers the appro-
priateness of the used indicators for the investigation and measurement of environmental and social
sustainability policy strategies designed to enhance sustainability and institutional intercalation.
About the latter, a specific lens to focus on the relationships between the institutional design charac-
teristics (the rule settings) of planning processes and the sustainability outcomes is developed based
on three variables within the institutional analysis and development (IAD) framework of Ostrom.
Consequently, rule settings that enable the investigation of the institutional process preconditions
for sustainable PPPs and the evaluation of the sustainability outcomes are amalgamated. Our study
indicates that the IAD framework provides a useful theoretical lens to harmonize and categorize
process principles to achieve the rule settings that guide involved actors towards sustainable PPPs
and place lenses on the envisioned environmental and social sustainability outcomes.

Keywords: indicators; infrastructure projects; public—private partnerships; rule settings; steering
strategies; sustainability

1. Introduction

PPP infrastructure projects in transportation, electricity, telecommunications, water,
and sanitation are essential to development in situations where public finance is not
sufficiently available. PPPs are arrangements through which private actors enter into an
agreement to fund public-infrastructure-hinged services [1]. According to Woetzel et al. [2],
PPPs have been touted as a veritable model to reduce the huge global infrastructure gaps,
appraised at about US$800 billion to US$1 trillion per year, and deepen efficiency outcomes,
simultaneously.

Hueskes et al. [3] posit that due to some intrinsic characteristics, such as the utilization
of lengthy infrastructure agreements, the handover of definite risks to the private actors,
and a concentration on the stipulation of project out-turns in place of project inputs, dis-
tinct tasks are incorporated or tied-up within one agreement, such as design, construct,
finance, maintain and/or operate [3]. As observed by another researcher [4], PPPs are a
clever means to contrive a durable and broad-scale infusion of sustainable technologies
and attributes [4]. Therefore, because of their capacity to produce socio-ecological benefits
through the incorporation of ecological and social goals contiguous to economic consid-
erations, PPPs are well-suited for sustainability. For instance, since contractors bear the
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cost of actualizing infrastructures, they have the incentives to consider energy efficiencies
that can create sustainable buildings with low energy consumption [5]. Consequently,
Berrone et al. [6] notes that governments and practitioners worldwide increase the usage
of PPPs as a unique instrument to attain sustainability principles in infrastructure projects.

Quality infrastructure propels economic growth and social well-being, while a lack lim-
its productivity and access to jobs, markets, healthcare, and education for billions of people
globally. Moreover, Lenferink et al. [7] assert the underperformance of PPP infrastructure
projects within the context of environmental and social sustainability outcomes. Further,
since experiences with PPPs are varied, effectuating the realization of public actors’ sus-
tainable development agendas based on these arrangements is not short of challenges [8,9];
sustainable PPPs will require a consideration of these issues and challenges.

A critical challenge of sustainable PPPs is said to be the inadequacy of institutional
designs that should be able to create patterns of interactions among actors toward sus-
tainability outcomes at the planning stages [10]. The global massive infrastructure gaps
create a hunger for private investments and there are indications that the satisfaction of
this hunger might be undertaken with too little public institutional capacity, especially
in less developed countries. Institutional designs are the rules that establish and control
the interactivity among actors in a cooperative situation to accomplish determined policy
objectives [11].

Hayllar [12] contends that academics should contribute more regarding the analysis
and importance of influential institutional characteristics, such as factors and principles
for PPP project planning that can deal with collective action problems and undesired out-
comes. Nonetheless, Matos-Castafio et al. [13] submit that most studies that have analyzed
institutions and PPP project outcomes have been specifically focused on how to appreciate
institutional transposes that occur in the context of PPPs and their permissible environment,
the allocation of great emphasis on the diversity of responses coming from different institu-
tional contexts, and the large neglect of sustainable development outcomes. Additionally,
studies on sustainability relevant to institutions have focused mainly on economic sustain-
ability [14,15], without consideration of social and environmental outcomes. Moreover, in
practice, the allocation of the costs and returns of PPPs is not always considered fair.

The integration of sustainable development principles into the largely economic-based
legal framework of PPPs has been recommended [4]. However, the available studies still
fail to include and assess regulative frameworks that have the capability to create and
propel the interrelatedness between actors toward envisioned sustainability outcomes.
Additionally, Malvestio et al. [16] contend that factors that influence sustainable PPPs
early in the planning processes were not considered. The resultant lack of knowledge,
according to Bakhtawar et al. [17], creates a barrier to sustainable PPP planning where
minimal considerations to pointedly address sustainability-related objectives subsist.

As stated by one researcher [18], environmental sustainability needs to shift from
the conduct of environmental impact assessments (EIA) as a requirement for construction
permits toward sustainability integration across the PPP stages. This implies the connection
of environmentally sustainable lenses and considerations much earlier in the process and
an in-depth connection to the integrity and productivity of ecosystems and environmental
quality indicators. As per social sustainability, Hueskes et al. [3] claim that one of the
major drawbacks is how to measure and enforce social sustainability norms in PPPs.
Such scenarios, regarding environmental and social sustainability, make sustainable PPPs
difficult to consider early and fully. Therefore, a perspective on how to monitor efforts
upon this, continuously and qualitatively, during the planning process and later during the
operational phase requires attention. These lenses are crucial to institutional designs for
sustainable PPP planning.

Sustainability assessments are required for a shift toward sustainability [19]. Don-
nelly et al. [20] aver that the evaluation of sustainable development is congruent with
the induction of indexes for social, environmental, and economic objectives designed to
ascertain the promotion of sustainable development in infrastructure projects. For in-
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stance, the GREENROAD system evaluates sustainability considerations in road projects
according to obligatory demands and optional tasks structured into the environment and
water, access and equity, construction activities, material resources, and pavement technolo-
gies [21]. The Civil Engineering Environmental Quality Assessment and Award Scheme
(CEEQUAL), as observed by He et al. [22], evaluates the sustainability of infrastructure
through 12 critical aspects.

Further, Aguado et al. [23] cite the Index of Contribution of the Structure to Sustain-
ability (ICES) model for concrete structures as an inventory hinged on the Leadership in
Energy and Environmental Design criteria in road projects. Likewise, Ugwu et al. [24]
indicate that the Sustainability Appraisal in Infrastructure Projects (SUSAIP) indicator
system is an evaluation framework for bridge infrastructures. Additionally, the Technical
Sustainability Index (TSI) indicator-based model measures power infrastructure [25]. Fur-
thermore, the evaluative principles on sustainability proposed by another researcher [26]
are based on the definition given by the Rio Declaration and Agenda 21. The sustainability
assessment criteria elaborated by Gibson et al. [27] evaluate river basin infrastructures. The
discussion framework of one study [28] consists of three dimensions: ecological front print;
closed-loop; and nature and environment.

As opined by Hueskes et al. [3] and He et al. [22,29], the principles and criteria high-
lighted by organizations and scholars, respectively, have been utilized as core criteria for
the sustainable development evaluation of PPP infrastructure projects by different schol-
ars. Hoeft et al. [30] confirm that several articles delineated indicators for the evaluation
of sustainable development considerations in infrastructure projects which, nonetheless,
vary in their characteristics, categorization, and attributes of the indicators; this is because
of concerns about specific projects or construction methods that require definite stipula-
tions. Nonetheless, Ferrarez et al. [31] and Morse et al. [32] recognize the delineation of
appropriate indicators as an immense confrontation in sustainability evaluation.

In addition, demand for further evolution of suitable and unbiased indicators and
models for the assessment of sustainable development principles at the major stages
of infrastructure conceptualization, design, construction, and operation [10,33], exists.
Particularly regarding sustainable PPPs, prior research has shown that there:

e istoo little consensus on the delineation of sustainability process principles and their
indicators, both for environmental and social sustainability.

e are inconsistencies in various checklists used for the various environmental and social
sustainability outcome principles and their indicators

e is a need for knowledge on appropriate institutional frameworks that can foster
sustainable PPPs at the planning stages.

The goal of this article is to answer the question: what are the rules that can create
patterns of interaction between the planning stages of PPP infrastructure projects and the
environmental and social sustainability concerns? To adequately answer this question,
three sub-questions are devised; these are:

1.  Which outcome indicators regarding infrastructure-related sustainability concerns are
addressed in the literature, both about environmental and social sustainability?

2. Which process-steering strategies and indicators guiding towards the envisioned
sustainable PPPs are addressed in the literature, both about environmental and social
sustainability?

3.  How can the effective employment of applied steering strategies in the planning
stages of PPPs be connected to institutional rule settings in a principal governance
framework?

The paper aims (i) to delineate the required indicators on sustainability outcomes
and processes related to sustainable PPPs, especially regarding social and environmental
concerns; (ii) to assess steering strategies as they are applied to influence patterns of
interaction during the PPP planning stages; and (iii) to enlighten the systematic analysis and
development context of these steering strategies, i.e., the rule settings, to apply the steering
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strategies to their full potential. This is accomplished through a two-pronged literature
review where identified rule types, as specified in the IAD framework [34], are linked
with environmental and social sustainability outcomes and process indicators; the latter is
referred to as the steering strategies. This synthesis depicts the strengths and strategies of
the extant indicators, which provide a foundation for the evolution of evaluation criteria on
the rules for sustainable PPPs. Such reductionist contributions are necessary as they offer
the area of study a prevalent and conclusive benchmark for sustainable PPP assessment at
the planning stages.

In Section 2, the research methodology is described. Some of the major results are
presented in Section 3. After the synthesis of sustainability indicator issues, an evaluative
framework for sustainable PPPs is offered and discussed in Section 4. Here, distinctive
features of rule settings and network lenses as institutional conditions for the effective
employment of steering strategies towards sustainable PPPs at the planning stages are
discussed. Some propositions for future research conclude the paper in Section 5.

2. Materials and Methods

This section reports the methodology used to answer each of the three research sub-
questions.

2.1. Systematic Literature Review

A systematic literature review (SLR) was employed to answer Questions 1 and 2
through the collection and examination of published academic articles. A SLR seeks to
encapsulate previous work, lengthen hypotheses, and assess a body of work with analytical
perspectives [35]. Tranfield et al. [36] avouched that SLRs play a crucial role in data-rooted
procedures. Cooke et al. [37] confirmed that by the promotion of methodical, replicable,
and transpicuous practices, the SLR is suitable for resolutions, courses of action, and
interpretations made by the reviewer. Therefore, a review of literature in a concise form
that hubs on environmental and social sustainability is conducted to build and advance
rule settings on sustainable PPPs.

The SLR protocol utilized in this paper evolved from a pre-defined structure, inherent
to the step-by-step procedure characteristic of the PRISMA statements, as delineated by
Moher et al. [38]. This procedure was selected for three reasons. Foremost, it helps to
build up the details and exploration procedure of this study. Next, the PRISMA statements
support literature review research on sustainable PPD, as utilized by Le et al. [39] for a
related procedure. Last, according to Liberati et al. [40], in terms of dependability and
viability, the SLR advanced by the PRISMA statements ensures the duplicability of this
study. The procedure utilized to carry out the SLR is described in Figure 1.

Step 1: Formulate Step 2: Identify N
Step 3: Identify datbase Step 4: Search papers
research questions keywords
|
Step 6: Read and Step 8: Evaluate key
Step 5:Refine papers > Evaluate papers Step 7: Analyse papers results and conclusions

Figure 1. Stages in the SLR, adapted from a study by Le et al. [39] (p. 4).

2.1.1. Search Strategy

Sustainability and PPP are interconnected and are known for being multi-disciplinary.
Peer-reviewed articles related to sustainable PPP outcomes and process principles with their
indicators were identified and gathered from databases provided by six widely-recognized,
high-quality, and multi-disciplinary publishers. These were Elsevier, Emerald, Springer,
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Wiley, MDPI, and Taylor and Francis. The search for correlated articles was arranged
as a structured keyword search. The search was initially carried out in September 2022
and subsequently updated in January 2023. The search arrangement started an in-depth
pattern as follows: “TITLE-ABS-KEY (Sustainable PPPs)”. Details about the SLR search and
refinement procedure are illustrated in Figure 1. The ‘Search papers’ (step 4 in Figure 1)
step is the initial stage, while ‘Read and evaluate papers’ (step 6 in Figure 1) is the last stage.

2.1.2. Selection of Articles

The preliminary outcome of the search procedures, with the use of ‘title/abstract/
keyword,” resulted in 31,008 articles from the 6 itemized databases. The search procedure
recommenced with an assemblage of peer-reviewed articles published in the English
language; as a result, 22,476 articles held out. Literature review articles were not considered
in this study to eradicate any possible predisposition from erstwhile reviews. Further, the
exploration was reduced to only current publications within a 10-year range, which reduced
the literature search to 13,599 articles. Furthermore, irrelevant subjects, such as Physics
and Astronomy, Medicine, Pharmacology, Toxicology and Pharmaceutics, Inmunology
and Microbiology, Computer Science, Biochemistry, Agricultural and Biological Sciences,
Chemical Engineering, Chemistry, Psychology, Earth and Planetary Sciences, Genetics and
Molecular Biology, Mathematics, Neuroscience, and Arts and Humanities, were excluded.
Finally, 754 articles were selected.

In addition, these articles’ titles, abstracts, and contents were reviewed punctiliously to
sieve those that advance the research problems. Among the 754 selected articles presented
in Table 1, some studies explored economic sustainability in PPP infrastructure projects
whereas others concentrated on sustainability in dissimilar subparts of PPP, such as the
provision of maternal health care, school children feeding schemes, and agricultural pro-
duction. As mentioned, only infrastructure PPP projects were considered in this research.
Additionally, both experiential and non-experiential articles were considered in the search.
The basis for the inclusion of articles in the eventual list is that the littlest indicator of either
environmental or social outcomes, or the process principle, are considered.

Finally, 32 out of 754 studies as presented in Table 1, were chosen for additional
analysis. Notably, just 4.2% of all articles in the review related to sustainable PPPs. This
revealed a slim relation and presumed significant gaps in integration, especially in terms of
environmental and social outcomes.

Table 1. Steps to decide on suitable articles for the SLR.

Search . . . Taylor .
Steps Keyword String Wiley Springer & Francis Emerald MDPI Elsevier Total
Title-ABS-KEY
1 (Sustainable PPPs) 8087 2301 6453 644 95 13,428 31,008
2 Restriction of search to ) 491 5549 444 86 9264 22,476
English journal articles
Restriction of search to
3 recent studies (from 3475 369 3087 365 84 6219 13,599
2013 to 2022)
4 Exclusion of irrelevant 159 106 109 165 45 170 754
subject areas
Study of titles, abstracts,
5 and details of the 2 1 3 6 7 13 32

articles.

2.1.3. Analysis and Synthetization

The content analysis method was utilized to draw out and hypothesize pertinent
information from the selected articles. Content analysis is logical for the conduct of SLR [41].
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The procedure has been utilized in diverse and recent literature reviews [39,42,43]. In
this study, the key indicators of the outcome and process of environmental and social
sustainability dimensions reflected in each published article were identified and recorded.
On the completion of the analysis, the findings were debated in detail among the authors
and ultimately concluded.

2.1.4. Limitations

The literature review accomplished in this research was substantial but not all-inclusive.
While the 6 databases utilized provided a wide reportage of the published articles, not
all peer-reviewed publications were captured. Therefore, it is likely that pertinent articles
on sustainable PPP outcome principles and processes were overlooked. For instance, this
article considered 32 papers. However, the SLR conducted by Akomea-Frimpong et al. [44]
identified 60 articles on the topic of sustainable PPPs. The variation in figures could be
explicated by the utilization of diverse repositories and keywords. The use of the term
‘Sustainable PPPs’ in the exploration conducted as part of this investigation may have also
steered to a smaller paper count. However, the papers considered in this review provided
a logical representation of the research on sustainability outcome principles and processes.

2.2. Analytical Framework

According to one paper [14], the comprehension of institutions facilitates the process
of prioritization, empowers the execution of several sustainability goals, and also reinforces
the implementation of political decisions necessary for sustainable development. Similarly,
the reputation of sustainability for the sake of driven advantage is linked with institu-
tions [45]. Matos-Castario et al. [13] observed that a favorable institutional environment is
a situation where governments realize the demands of PPPs which enable partners to enter
into sustainable PPP arrangements in which instruments akin to legal frameworks (legisla-
tions, policies, and regulations) provide a guide to the realization of mutually allowable
risk mitigation, transparency, and sustainable development.

Institutions are paramount because they are deliberate creations that shape information
and establish the inducement to act or not act in a particular situation and, hence, the
imposition of restrictions on the range of possible conduct and practicable reforms [46].
The difference between institutions from other structures of the ‘organizational analysis’ is
the pivot on rules [47]. There are formal rules (e.g., constitutions, codes, statutes, etc.) and
informal rules (e.g., customs, beliefs, tradition-based conventions) [48]. Rules are measures
that prohibit, allow, or need some activity or results; penalties are allowed if compliance is
absent [49].

However, the balance of rule-structured relationships depends on an apportioned
interpretation of the regulations, as outlined by Ostrom et al. [50]. The challenge then is
to know the rules that are requisite for the institutional analysis of sustainable PPPs. A
multitude of distinct rules is used to organize compounded action situations [51]. Authors
have been confined to the perpetual classification of rules that are not related to the method
most useful for conceptual delineation [34]. However, classification is requisite to advance
the science around rules [51]. Since the ultimate ambition is to evaluate and design the
steering strategies for sustainable PPPs, as well as the institutional rule settings that facilitate
such use, the arguments lead us to the IAD framework. The IAD framework resolved this
issue via the categorization of rules by their effect on the components of an action situation
(Figure 2).

In the IAD framework, Ostrom [34] elaborated a typology of rules that contextualize
an action arena. In the IAD words, we would refer to this as the social setting in which
the PPP is prepared, procured, and contracted, which could be in various social settings or
‘action arenas’ [10,46]. In essence, action situations derived from the IAD framework can
respond to past deficiencies and increasingly complex challenges related to the creation
of patterns of interactions between PPP infrastructure project planning and sustainability
concerns. The pattern of interaction in relevant action arenas is thus understood as being
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related to and influenced by the physical conditions, the community attributes, and the
rules; there are ‘rules-in-form’” as they are codified and ‘rules-in-use” as they are interpreted
in the social setting of the involved actors.

Information Aggregation
Rules Rules
v
Boundary
ACTORS 1
Rules ¥ INFORMATION CONTROL
I about over

assigned to \ /
Position l

Rues | POSITIONS f———— Linkedto —— POTENTIAL | . Scope

T OUTCOMES Rules
assigned to
NET COSTS
- AND BENEFITS
Yoice .
Rules ¥ | ACTIONS — SRNgRSS
4
Payoff
Rules

Figure 2. Rules that affect the composition of an action situation [51] (p. 189).

In addition, PPP rules will not contribute to sustainability outcomes without interac-
tion patterns that are rationally connected with such behavior in the action environment.
Therefore, we argue that sustainable PPPs will be effectively achieved only when thorough
attention is paid to the institutional settings that can create patterns of interactions for
sustainability behavior at the planning stages by applying the steering strategies targeting
the indicators. A small number of studies distinctly focus on how rules and influences
thereof impact and dictate urban infrastructures [45]. The work of Elinor Ostrom represents
an important theoretical starting point for analyzing and classifying rules [34]. Ostrom’s
Institutional Analysis Development (IAD) framework proposes a structure for a system-
atic and detailed analysis of rules within collective action. As sustainable PPP planning
is a matter of collective action structured by sets of rules, the IAD framework provides
important fundamentals for analyzing rules and changes thereof [48,49].

The optimization of the impacts of a PPP is, of course, related to the bio-physical
situations and how these are influenced by envisioned infrastructure; it is also related to
how the envisioned infrastructure influences the community and thereby the attributes of
the community, as depicted in Figure 3. Both foci need to be explicitly addressed in the
action arenas in sustainable PPPs. This relates to a scale-up of the principles and indicators
for environmental and social sustainability.

External Variables

Biophysical
Conditions

Attributes of
Community

e otones] <~

Figure 3. The IAD framework [51] (p. 15).

Action

—> .
Situations | «.--- | Interactlons| \
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Evaluative
Criteria




Sustainability 2023, 15, 9422

8 of 26

As it were, and at any moment in time, the characteristics of the biophysical system
(such as quality, vulnerability, and resilience), as well as the characteristics of the community
(such as equality, equity, fairness, transparency, receptivity, vulnerability, and activism), will
be an echo from the past, just as the written rules and working rules. In the model, there is a
difference between the analytical perspective, the three boxes as they are in reality, and the
envisioned better state in the evaluative criteria. This will be a functional infrastructure that
offers socio-economically relevant services to communities in a socio-ecological manner; it
will be sustainable in its impacts upon the bio-physical system (related to environmental
sustainability and ecological indicators) and from the perspectives of the attributes of the
community (related to the social sustainability and social equity indicators).

This paper accepts the IAD framework as a widely acknowledged analytical frame-
work that links patterns of behavior in multi-actor processes to rule settings, as well as
evaluative criteria. This framework helps us to synthesize the discoveries from the literature
review in the run-up to answering Sub-question 3. About Sub-questions 1 and 2, and their
elaboration in Sections 3.1 and 3.2, the framework provides an argument to distinguish
outcome indicators and process principles and indicators.

In this study, the outcome is referred to as sustainable PPP, which we earlier defined
as the integration of environmental and social sustainability principles in PPP infrastruc-
ture planning. It also suggests that our study focuses on the immediate outcomes at the
planning stages of preparation, procurement, and contract, rather than the ultimate out-
comes of sustainability at the operational stages. Focusing on such outcomes will mean
analyzing the outcome indicators regarding infrastructure-related sustainability concerns
in terms of environmental and social sustainability. Further, in sustainable PPP action
situations, actors cooperate, negotiate, challenge each other, and produce and share in-
formation and resources for use. As these interaction processes become regularized and
observable, they give rise to patterns of interaction. Focusing on patterns of interaction
implies identifying the process steering strategies that influence sustainable PPPs in terms
of both environmental and social sustainability.

The IAD framework rules that affect the elements of an action situation (Figure 2) are
employed in Section 4 to synthesize the encountered indicators, alongside the environ-
mental and social sustainability steering strategies, and attain rule settings for sustainable
PPP evaluation at the planning stages. Such an approach is crucial for our mission to
develop parsimonious rule settings that can monitor processes and assess outcomes while
interlinking both. This creates a route toward institutional designs for sustainable PPPs.
Figure 4, illustrates the research design of the study.

Literature Review on
st o

1% stage| gustainable PPP Outcome |,

Principles and Indicators

Expected
Outcomes at the
planning stages

Literature review on ) )
Sustainable PPP process Steering strategies

nd . . o . g "
2% stage| Pprinciples and Indicators as Patterns of
Interaction

Synthesis of Literature
findings with IAD Rules settings that can
3% stage framework rules evaluate Sustainable PPP

planning outcomes

Legend:

Research stages Results
Figure 4. Research design, including stages and results.

3. Results and Discussion

In this section, an overview of sustainability outcomes and process principles and their
indicators, as addressed in PPP literature, is provided. This answers sub-research Questions
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1 and 2, respectively. In both cases, the results are presented, analyzed sequentially and
contextualized by detailed reports of the literature in Tables 2—-7.

3.1. Sustainability Outcome Principles and Indicators

Sustainability is a development that achieves the demand of the current generation
whilst allowing the potential of later generations to achieve their own needs [52]. As
observed by one researcher [53], there is no global agreement on how to represent sustain-
ability; its intrinsic blurriness and analytical pliability add to its broad appeal. Sustainability
comprises three pillars: environmental or planet or environment; economic or profit or
economy; and social or people or equity. Berrone et al. [6,19] acknowledged that, for
PPPs to advance sustainable infrastructure development, socio-ecological considerations
must be prioritized. Hence, this research effort is limited to the environmental and social
sustainability of huge-scale infrastructure projects.

In terms of environmental sustainability, there is a high negative environmental
effect regarding energy, material, and waste [54]. There are also discussions on the de-
lineation of social sustainability and its indicators or components by Xiahou et al. [55]
and Wang et al. [56]. The topic is still open for discussion regarding the distinct demands
of societies or countries and can be organized to separate areas and societal needs [53].
Indicators on sustainability outcome principles have been published by Hoeft et al. [30]
and Ferrarez et al. [31]; however, no proper classifications of indicators for these principles
were found for sustainable PPPs.

Table 2 presents a summary of indicators for environmental and social sustainability
outcome principles in PPP infrastructure projects, as found in the literature. The principles
and indicators are based on the works of Hueskes et al. [3] and Patil et al. [57] and should
be viewed as interpretive rather than exhaustive. The delineation in Table 2 shows that
environmental sustainability in PPP relates to efficient project implementation, ecological
compatibility, and resource utilization efficiency and maintenance. Social sustainability in
PPPs relates to stakeholders” empowerment, quality of life, and “social justice’.

Table 2. Sustainable PPP Outcome Principles and Indicators.

Sustal.nablllty O.utc.o me Indicators Examples Sources
Pillar Principles
Bakhtawar etal. [17],
Clean Air Measures reducing CO, emissions Patil et al. [19],
Hoeft et al. [30].
Efficient Project Noise Level Measures reducing noise Lenéssgeﬂ;eeggj 71
Implementation i i ’
P vibrations Hoeft et al. [30].
. Patil et al. [19],
Water Water prote;ﬂgm g:ls use of water) He et al. [22],
quality Sweere [29].
Berrone et al. [6],
Environmental Biodiversity Protection of fauna and flora Sweere [29],
Ecological Hoeft et al. [30].
Compeatibilit
p y Landscape Efficient land use; Conserving or Bakgzi\éveiree[tzzlj [171,
Conservation replantmg trees and vegetation Hoeft et al. [30].
. Env1ronmen'ta'l friendly platerlals, Hueskes et al. [3],
Material and contextual fit in the environment, Koppenian [4]
Resource Utilization Design innovation, multi-functional ppeny !
- . . He et al. [22].
Efficiency design, local materials
and Maintenance Use of renewable enerev and Hueskes et al. [3],
Energy &Y Patil et al. [19],

efficiency Sweere [29]




Sustainability 2023, 15, 9422 10 of 26

Table 2. Cont.

Sustal‘nablhty O.utc.o me Indicators Examples Sources
Pillar Principles
Participation and Cltlzenisnzi]r;cllvsetgliiholders Koppenjan [4],
Stakeholders Co-creation the decision making He et al. [22]
Empowerment Education and Capacitv-building measures Xiahou et al. [55],
Training pactty & Wang et al. [56].
Construction site safety Bakhtawar etal. [17],
Health and Safety management and Patil et al. [19],
Quality of Life management ]\B/\Iang et atl. {5[66]]
; Local and Societal =~ Meeting the demands of the local errone eta’ ol
Social . Bostrom [53]
Needs community ¢
Wang et al. [56].
Emancipation and Acce551b1:111i?;kf)1011; tIi) es(.)ple with Berrone et al. [6]
Equity affordability; romofirll diversity; Patil etal. [19],
(inclusiveness) yir?clusion & Y/ Xiahou et al. [55],
Social Justice . [T .
Labor and Human Labor rights, non-discrimination, Patil e"F al. [19],
. local Bostrom [53],
Rights employment Wang et al. [56].
. . Measures that stimulate social Berrone et al. [6],
Public Meeting cohesion Wang et al. [56].

Elicited from Table 2, in a reductionist approach, the key indicators for environmental
sustainability outcomes (ESO), as shown in Table 3, are expressed as (1) Clean Air, (2)
Noise, (3) Water, (4) Biodiversity, (5) Landscape Conservation, (6) Material and Design,
and (7) Energy. Social sustainability outcomes (SSO), as shown in Table 4, are expressed
as (1) Participation and Co-creation, (2) Education and Training, (3) Health and Safety,
(4) Local and Societal Needs, (5) Emancipation and Equity, (6) Labor and Human Rights,
and (7) Public Meeting. A set of examples that explains how each indicator was interpreted
in the analysis can be seen in Table 2. We admit to the fact that there may be more indicators.
This paper does not cover every possible relevant indicator. The emphasis is on the heuristic
elements of our method, which is the key innovative element; completeness is viewed
as secondary.

3.1.1. Overview of Environmental Sustainability Outcome Indicators in the Literature

In terms of EQ], efficient project implementation principles were explicitly addressed
and accounted for in 25 (48%) of the indicators. The majority of the papers reviewed under
efficient project implementation focused extensively on Clean Air; the overall count was
15 (29%), as Table 3 shows. Noise Level, which was addressed in six (12%), and Water
Issues, which was addressed in four (8%), received considerable attention. A huge focus
on Clean Air is to be expected because CO; emissions are the main instigator of global
climate change and negative environmental externalities. With a huge global call for CO,
reduction, Khan et al. [58] observed that technological innovations have a consequential
effect on its curtailment.

Table 3. Delineation of environmental sustainability outcome principles and their indicators.

Efficient Project Ecological R‘elsiour'ce
Implementation Compatibility Utilization
Study P Efficiency
EOI1 EOI 2 EOI 3 EOI 4 EOI 5 EOI 6 EOI7 Sum
Xiahou et al. [55] X X 2
Hoeft et al. [30] X X X X X 5
Bakhtawar et al. [17] X X 2
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Efficient Project Ecological I? esource
. 7N tilization
Study Implementation Compatibility Efficiency
EOI1 EOI 2 EOI 3 EOI 4 EOI 5 EOI 6 EOI7 Sum

Patil et al. [59] X X 2
Nizkorodov [60] X X 2
Schahbaz et al. [61] X X 2
Khan et al. [58] X X 2
Lietal. [62] X X X X X 5
Berrone et al. [6] X X X 3
Chen et al. [63] X X X X 4
Dolla and Laishram [64] X X 2
Yaun et al. [65] X X 2

Gao [66] X 1
Malvestio et al. [16] X X X X X 5
Agarchand and Laishram [67] X X 2
Kivila et al. [68] X X 2
Spraul and Thaler [69] X X 2
Cedrick [70] X 1
Koscielniak and Gorka [71] X 1
Patil and Laishram [19] X X X 3
Villabo-Romero et al. [72] X X 2
Sum 15 6 4 5 4 6 12 52

EOI: Environmental outcome indicators. EOI 1: Clean Air. EOI 2: Noise Level. EOI 3: Water. EOI 4: Biodiversity.
EOI 5: Landscape Conservation. EOI 6: Material and Design. EOI 7: Energy. X: the presence of the delineated
indicator in the cited article.

PPP infrastructure projects are useful instruments in this regard because of the techno-
logical expertise the private actors bring into the partnership.

Ecological Compatibility principles are also obvious in the literature. Table 3, shows
that the highest number of indicators on Ecological Compatibility principles relate to Biodi-
versity, which was addressed in five (10%) cases. This includes design requirements for
access to animals [17], remote wildlife studies to minimize disturbance and save biodi-
versity [30], and boundaries of protected areas [16]. Landscape Conservation, which was
accounted for in four (8%) indicators, was also addressed in the literature but stands as one
of the least considered environmental outcomes.

Indicators on Resource Utilization Efficiency principles were also addressed in the
literature. In total, 12 (23%) of the indicators demonstrated a high focus on energy. This was
expected because a large percentage of the emissions in the world are due to unrestricted
energy use [73]. The renewable energy considerations connected to PPP infrastructure
projects are solar photovoltaic installation parks, wind farms, renewable generation biodi-
gesters, and biogas plants [70]. Material and Design (12%) also received considerable
attention.

3.1.2. Overview of Social Sustainability Outcome Indicators in the Literature

An analysis of the delineation of SOI reveals that, although all three identified princi-
ples were addressed in the literature, only Berrone et al. [6] suggested indicators for each of
the principles. Social Justice was the most explicitly addressed principle in the literature
with 25 (42%) of the indicators. This was expected because certain PPP agreements are
mostly shrouded in secrecy, to the detriment of the end users. In terms of Social Justice,
Labor, and Human Rights ranked the highest, with 10 (17%) of the indicators. Emancipation
and Equity, addressed in 8 (13%) cases, and Public Meeting, addressed in 7 (12%) cases,
were also touched on.
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Table 4. Delineation of social sustainability outcome principles and their indicators.

Stakeholder’s Quality Social
Study Empowerment of Life Justice
SOI'1 SOI12 SOI3 SOI 4 SOI 5 SOI6 SO17 Sum

Xiahou et al. [55] X X X X X 5
Hoeft et al. [30] X X X X X 5
Bakhtawar et al. [17] X X 2
Patil et al. [59] X X X 3
Wang et al. [56] X X X X X X 6
Selim and Elgohary [74] X X X X 4
Xiong et al. [75] X 1
Spoann et al. [76] X X 2
Berrone et al. [6] X X X X X X X 7
Spraul and Thaler [69] X X X 3
Lietal. [62] X X 2
Chen et al. [63] X X X 3
Yuan et al. [65] X X X X X 5
Gao [66] X 1
Malvestio et al. [16] X X 2
Agarchand and Laishram [67] X 1
Patil and Laishram [19] X X X X 4
Villabo-Romero et al. [72] X 1
Lenferink et al. [7] X 1
Ngetal. [77] X X 2
12 11 8 4 8 10 7 60

SOLI: Social outcome indicators. SOI 1: Participation and Co-creation. SOI 2: Education and Training. SOI 3: Health
and Safety. SOI 4: Local and Societal Needs. SOI 5: Emancipation and Equity. SOI 6: Labor and Human Rights.
SOI 7: Public Meeting. X: the presence of the delineated indicator in the cited article.

Stakeholder Empowerment, addressed in 23 (38%) cases, was hugely subscribed.
Participation and Co-creation, with 12 (20%) mentions, ranked the highest within the
Stakeholder Empowerment principles. Participation and Co-creation focused on collab-
oration [30], social issues in decision making [16], support for local enterprises [69], and
inclusiveness [7]. Education and Training, which was addressed in 11(18%) cases, was also
a clear-cut indicator. This entails capacity development of the government team [74] and
increased knowledge of sustainability among team members [19].

Quality of Life was also an obvious social sustainability outcome principle in the
literature. Within the Quality of Life category, Health and Safety had eight (13%) mentions
and Local and Societal Needs were addressed in four (7%) cases. Health and Safety focused
on safe workplaces [56], people’s health [74], and safety procedures [65]. Local and Soci-
etal Needs centralized fair competition [56], societal development [55], and participation
without discrimination [6].

3.1.3. Summary

Overall, the results show that social sustainability indicators were slightly more
addressed in the literature than environmental sustainability outcomes, with an emphasis
on Participation and Co-creation. However, Clean Air from the environmental sustainability
outcomes had the highest consideration among the sustainability outcome indicators.
A delineation of the environmental sustainability outcomes shows no overlap with the
social sustainability outcomes. This indicates that environmental sustainability outcomes,
essentially, are not an extension of social sustainability outcomes. While environmental
sustainability in PPP infrastructure projects is predominately linked to effective project
implementation, social sustainability is linked to social justice.

3.2. Sustainability Process Principles Indicators and Strategies

Recently, scholars and practitioners took into account the impacts of the PPP decision-
making processes on sustainability [10,29,69]. For instance, one researcher [10] analyzed the
improvement of a potable water supply in Indonesia using the ‘build-operate and transfer’
model of PPP; they identified the decision-making sequence for sustainable PPPs regarding
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environmental and social outcome principles and indicators. As posited by Plamonia [10],
PPP can be pursued under the umbrella of three social processes: preparation, procurement,
and contracting. Preparation deals with ambitions, the collection of facts, and the capture of
interests. Procurement is about the selection of the concessionaires most capable of dealing
with ambitions. Contracting sets out agreed contractual arrangements that can lead to
sustainability. This implies that PPP process principles thrive at different decision-making
phases and each phase includes instruments that could influence sustainability.

However, PPP institutional process design leaves much to be desired, with significant
impacts on outcomes [10]. Therefore, the social arena in which preparation, procure-
ment, and contracting take place creates sub-processes to actualize sustainable PPPs at
the planning stages. In sum, PPP internal components noted as ‘structure” and “process’
components affect sustainability-linked outputs [69]. The heightened interest in sustain-
able PPPs’ process principles has resulted in several indicators being utilized to delineate
them. There exists a broad variety of sustainable development indicators used by diverse
scholars [22,29,78]. The choice of independent indicators hangs on the outlook of diverse
stakeholder groups and interested parties. As such, the preferred indicators may be quite
different because they are needed at different PPP spatial scales. However, the choice of
indicators effectively determines the “perspectives” through which sustainable PPPs can
be viewed; thereby, they have a huge influence on decisions and judgments.

Table 5 presents meta-indicators that group the operational indicators of Table 2. The
principles and indicators presented are based on a specific group of studies [10,19,79].
The delineation in Table 5 shows that the environmental and social sustainability process
relates to preparation, procurement, and contracting as sub-processes for sustainable PPPs
at the planning stages. Leveraging the information in Table 5 in a reductionist approach,
the meta-indicators for environmental sustainability are (1) Assessment of Environmental
Impacts and Mitigation Options, (2) Support Systems and schemes are used, (3) Available
Environmental Policy, (4) Awareness of Environmental Sustainability Criteria explicit to
project and location, (5) Competition on Environmental Sustainability Criteria, (6) Active
Involvement of Civil Groups in judging the bids, and (7) Procedure to Monitor and Revise
the Contract.

The meta-indicators for social sustainability are (1) an assessment tool for stakeholders’
participation, such as building information modeling; (2) a special purpose company that is
jointly owned by the government, users, and private developers for the development of PPP
projects as an alternative institutional mechanism; (3) the use of two-way communication
in participative forms; (4) a platform for close debate during the bidding stage via a
strategic communication plan as part of a procurement policy; (5) fairness and process
auditors who are appointed as third-party experts to monitor the procurement process;
(6) an independent and technical review panel that can scrutinize the PPP project and
safeguard sustainability during the bidding process; and (7) main contractor-subcontractor
relationships.

Table 5 includes a set of process principles and indicators, as well as matching steering
strategies and examples found in the literature review, to explain the functionality of each
indicator as interpreted in the analysis. This paper employs the term “steering strategies” as
an enhancement prescription that delineates the direction by which practices in sustainable
PPP shall be governed. Steering strategies institutionalize a procedure that is reflected in the
way sustainable PPP processes operate, that is, in the actors participating in policymaking,
and in actors’ decision-making powers and interactions.
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Table 5. Sustainable PPP process principles and indicators. ESS: Environmental Steering Strategies;
SSS: Social Steering Strategies.

Sustainability Pillar Pfil;?cciiyslis Indicators Steering Strategies Sources Explanation
Assessment of Proof that guidelines
Environmental Evidence towards towards EIA are applied
Impacts EIA for better Koppenjan [4], i.e., conforming
and MIi)ti ation life-cycle Shahbaz et al. [61] contractors to systems
o tioghs performance (ESS 1). engineering standards
P such as ISO 15288
Incentives or
subsidies to private Involved public-private
partners that can actors
Support Systems and provide more B;:Qf 2:31?15}1&5?’ show that they use
Prepare Schemes are used environmental [19] incentives maximally to
sustainability connect environmental
expertise expertise.
(ESS 2).
Public-private actors are
aware
Liability and of environmental
Available compensation for Berrone et al. [6], reguiiteliorn;eir;i;r:end
Environmental Policy environmental Grasman et al. [79] dinel id
impacts (ESS 3) accordingly to avoi
’ environmental
externalities and
liabilities.
Award criteria are not
Additional points are rice alo?liste)ito; ualit
. Awareness of given to bids that P L on quatity,
Environmental . . . . Hueskes et al. [3], and avoiding
S Environmental include innovation . . .
Sustainability S Patil and Laishram environmental
Sustainability related to the [19] externalities i.e. b
Criteria explicit to reduction of ’ L. €., DY
. . . Grasman et al. [79] application of MEAT
Project and Location. environmental criteria (Most
problems (ESS 4). .
Economically
Advantageous Tender).
Procure Prequalification is
based on experience
Competition on in environmental Terms of reference that
. o 1 [19], Dolla and focus
Environmental sustainability X ) .
Sustainabilit ractices as Laishram [64] on proven expertise or
Criteria y der}; onstrated by Yaun et al. [66] skills in environmental
relevant certifications sustainability practices.
(ESS 5).
Active involvement Involvement of
of environmental .
. . .. . Leferink et al. [7], stakeholders
Multi-actor Dialogue civil groups in . s
tudeine the bids Grasman et al. [79] and outside expertise in
judg (EgSS 6) the procurement process.
Contract review
provision in between
and updating Contracts are monitored
Procedure to Monitor agreements to do Koppenjan [4], periodically and
. justice to new
Contract and Revise the

procedures are in place to
revise the contract, settle
disputes and terminate
the contract.

Berrone et al. [6],

technological Patil et al. [59]

findings, and
socio-economic and
political realities
(ESS 7).

Contract
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Sustainability Pillar P.roc.ess Indicators Steering Strategies Sources Explanation
Principles
Assessment tools for
stakeholders’ . .
Efforts on Assessing participation Bakhtawar et al. [17], Use of impact apalysm
. 1 and simulation
Social Impacts on the such as building Hoeft et al. [30], . -
. ) . - techniques to highlight
Local Community. information Lietal. [62] e O
. probabilistic risks
modeling
(555 1).
A special purpose
company that is
jointly owned by the
et Sovemment
Prepare Stakeholders through / P An external board that
developers for the Berrone et al. [6], Gao R
a - can deepen sustainability
. development of PPP [66], Xiong et al. [75] .
Special-purpose - at the planning stages.
Company projects as an
alternative
institutional
mechanism
(555 2).
Project information is
Use of two-wa freely available for
Community communication}i]n Xiahou et al. [55], instance, activities are
Involvement through articipative forms Selim [74] organized to involve the
Participation p (ESS 3) Bai et al. [76] local community to
’ comment and connect
online
Social A platform for close
Sust (Imlab.l. t debate during the The tender document
ustamabiaty bidding stage via a defines the service
. strategic Patil et al. [59], Gao standard to be achieved
Clear Bid Strategy communication plan [66] especially the impact and
as part of the risks related to the
procurement policy community.
(SSS 4).
Fairness and process
auditors are
. appointed as The third-party review
Procure 3rd Party Probity third-party experts to Berrone et al. [6], takes place and it is taken
Arrangements ; Hoeft et al. [30] .
monitor the seriously.
procurement process
(SSS5).
Ar,:el?}?nell:c) :{ﬁg}z:\/ﬂd A panel of experts in
panel that can charge of reviewing the
. . scrutinize the PPP Wang et al. [56], candldfites, especially
Project Scrutiny : their efforts at
project and safeguard Yaun et al. [65] AT
. : minimizing impact and
sustainability during risks on the local
the bidding process communi
(SS5 6). ty
AThe. Contract is Main contractor- Berrone et al. [6], The process to monitor
Finalized based on - - and adjust the contract to
Contract the Relationshi subcontractor Patil and Laishram intecrate expertise
p relationships (5SS 7). [19], and Gao [66] & peruse,

among Stakeholders.

information, and insights.

3.2.1. Environmental Sustainability Process Principles Indicators and Strategies in the
Literature

A compendious study of the pivotal principle indicators and matching strategies for

the environmental sustainability process (ESP) is provided in Table 6. The analysis showed
that Support Systems and Schemes, as well as Procedures to Monitor and Revise the
Contract were the most frequently addressed. The Support System and Schemes indicator
was acknowledged in 10 of the 50 (20%) indicators while the Procedure to Monitor and
Revise the Contract was acknowledged in nine (18%) of the indicators. In numerous cases,
these indicators were addressed utterly via reference to the definition of environmental
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sustainability. The substantial attention on these two indicators mirrors their importance in
ESP and the need for them to be emphasized in sustainable PPPs.

Table 6. Delineation of environmental sustainability process principles and their indicators.

d Prepare Procure Contract
Study ESPI 1 ESPI 2 ESPI 3 ESPI 4 ESPI 5 ESPI 6 ESPI 7 Sum
Hoeft et al. [30] X 1
Patil et al. [59] X X X X X X 6
Nizkorodov [60] X X X X 4
Khan et al. [58] X 1
Schahbaz et al. [61] X 1
Selim and El-Gohary [74] X X X 3
Chen et al. [63] X 1
Spoann et al. [76] X 1
Berrone et al. [6] X X X 3
Gao [66] X 1
Malvestio et al. [16] X 1
Dolla and Laishram [64] X X X X X 5
Kivila et al. [68] X X 2
Agarchand and Laishram [67] X X X X 4
Cedrick [70] X 1
Ruis

et al. [80] X !
Patil amd Laishram [19] X X X X X 5
Villabo-Romero X 1

etal. [72]
Koppenjan [4] X X X X 4
Lenferink et al. [7] X X X X 4
6 10 7 7 4 7 9 50

ESPIL: Environmental sustainability process indicator. ESPI 1: Assessment of Environmental Impacts and Mitigation
Options. ESPI 2: Support Systems and Schemes are used. ESPI 3: Available Environmental Policy. ESPI 4:
Awareness of Environmental Sustainability Criteria explicit to Project and Location. ESPI 5: Competition on
Environmental Sustainability Criteria. ESPI 6: Multi-actor Dialogue. ESPI 7: Procedure to Monitor and Revise the
Contract. X: the presence of the delineated indicator in the cited article.

Other indicators were also addressed in the delineation of ESPI. Available Environ-
mental Policy, Awareness of Environmental Sustainability Criteria explicit to Project and
Location, and Multi-actor Dialogue were each addressed in seven (14%) of the indicators.
Assessment of Environmental Impacts and Mitigation Options was acknowledged in six
(12%) of the indicators and was considered in many ways. These are policies that result
in environmentally favorable and well-turned-out developments [59], functional environ-
ment behaviors [63], environmental effect review reports [60], and strategic environmental
assessments [16]. In general, the outcomes reveal that there was good coverage of ESPI,
though individual authors unequivocally highlighted distinct aspects. in one of the most ex-
haustive delineations, six of the seven indicators were furnished by Patil et al. [59]. In total,
five indicators each were provided by Patil and Laishram [19] and Dolla and Laishram [64].

3.2.2. Social Sustainability Process Principles Indicators and Strategies in the Literature

As per SSPI and principles, the most commonly addressed indicators were Community
Involvement through Participation and Project Scrutiny. Community Involvement through
Participation was addressed in 12 (28%) of the published indicators. Project Scrutiny
appeared in seven (16%) of the indicators; meanwhile, six (14%) of the indicators addressed
the Inclusion of Stakeholders through a Special-purpose Company. Lenferink et al. [7]
argued that partnering, strategic alliances, project alliances, and joint ventures are initiatives
that can foster stakeholder inclusion in sustainable PPPs. Xiong et al. [74] alluded that
collaboration through joint ventures brings companies with the required skill sets together.
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Co-ownerships will reduce private-sector perceived risks and transform societal resistance
to support [4].

Clear Bid Strategy was also addressed by six (14%) definitions. Patil et al. [59] referred
to a clear bid strategy as a procurement policy. Berrone et al. [6] linked it to tender
documents that indicate service standards to be achieved. Kivild et al. [68] highlighted it as
a public procurement plan, while another researcher [67] implied online procurement data
provision.

Third-party Probity Arrangements were addressed by five (12%) of the SSPI. Patil
et al. [59] explicitly referred to third-party probity as the involvement of fairness and
process auditors, another researcher [67] referenced it as the involvement of independent
experts that examine the bid process. Ng et al. [77] suggested that it is a specialist group
that provides a channel for users to express their comments.

The notion of Efforts to Assess Social Impacts on the Local Community was addressed
by four (9%) of the indicators, as Table 7 illustrates. The Contract Finalized based on the
Relationship among Stakeholders was addressed by three (7%) of the indicators. Altogether,
the most extensive delineations as per the SSI were the seven indicators provided by
Patil et al. [59]. However, Koscielniak and Gorka [71] and Ng et al. [77] addressed five each.

Table 7. Delineation of social sustainability process principles and their indicators.

4 Prepare Procure Contract

Study SSPI1 SSPI 2 SSPI 3 SSPI 4 SSPI 5 SSPI 6 SSP17 Sum
Hoeft et al. [30] X X 2
Nizkorodov [60] X 1
Patil et al. [59] X X X X X X X 7
Bakhtawar et al. [17] X 1
Wang et al. [56] X 1
Selim and Elgohary [73] X X 2
Xiong et al. [74] X X 2
Berrone et al. [6] X X 2
Yaun et al. [65] X X 2
Gao [66] X 1
Dolla and Laishram [64] X X 2
Agarchand and Laishram [67]. X X X X 4
Kivila et al. [68] X X 2
Patil and Laishram [19] X X X X X 5
Koppenjan [4] X 1
Ngetal. [77] X X X X X 5
Lenferink et al. [7] X X X 3
4 6 12 6 5 7 3 43

SSI: Social sustainability process indicators. SSI 1: Efforts on assessing social impacts on the local community.
SSI 2: Inclusion of stakeholders through a special purpose company. SSI 3: Community involvement through
participation. SSI 4: Clear bid strategy. SSI 5: 3rd party probity arrangements. SSI 6: Project scrutiny. SSI 7:
Contract finalized based on the relationship among stakeholders. X: the presence of the delineated indicator in the
cited article.

3.2.3. Summary

The results show that all the ESI and SSI were adequately addressed across the three
planning stages. However, in both cases, the preparation stage addressed the highest
number of indicators. This attests to the imperativeness of adequate and enlightened
preparatory processes regarding sustainable PPPs. The ESI indicators showed more indica-
tors with emphasis on support systems and schemes at the preparation stage. Likewise,
the SSI also emphasized the highest number of indicators at the preparation stage.

3.3. Overview

An analysis of the findings reveals that sustainable PPPs began with a focus on the
merger of sustainability outcome considerations with the planning process principles. The
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need to infuse social considerations in PPP infrastructure projects is thus well-entrenched in
the literature, a position underscored by Hueskes et al. [3] and Wang et al. [56]. Analogous
to the continued growth of research on environmental sustainability, a more comprehensive
purview of social sustainability and its incorporation within PPP infrastructure projects
has emerged. The findings also show diverse ways in which both environmental and social
sustainability are delineated.

A cogitation of indicators on environmental and social sustainability outcomes and pro-
cess principles (i.e., 28 in total) was analyzed; the delineation provided by Berrone et al. [6]
and Patil et al. [59] addressed the vast number of independent attributes, with a total of
seven each. Four of the most holistic delineations are from the social sustainability list.
This sums up the fact that the social sustainability delineations principally did a better job
at superscribing the sustainability indicators. These results revealed that not one of the
considered delineations fully addressed the identified indicators on both environmental
and social sustainability outcomes and process principles. This is probably a result of the
many divergent conceptualizations of both environmental and social sustainability and the
inclination on the part of the scholars to develop a commensurately unique delineation.

In the heuristic perspective of this article, the completeness of environmental and
social indicators is not an obstacle, as long as (environmental and social) process strategies
enable process actors in situ to identify the relevant indicators.

4. Rule Setting for Sustainable PPPs

With the utilization of a reductionist approach, as well as the literature review findings,
Sub-research Questions 1 and 2 were answered. The final step and the ambition of this
study were addressed in the third sub-research question. With the distinguished ESS and
SSS from the literature review in mind, the observation that a smooth seven-rule typology
might ignore the multiplicity of formal and informal rules and that, in practice, rules might
overlap [34] gains momentum. In order to deeply analyze rule setting for sustainable PPPs,
we developed three taxonomies of rules based on Ostrom’s seven sets of rules (see Figure 2).
This was conducted in an effort to create an analytical and design lens that is as simple
as possible and very close to how the steering strategies are envisioned to influence the
patterns of interaction. The taxonomies are position-boundary—choice rules, scope-payoff
rules, and information—aggregation rules.

In this paper, we thus argue that sustainable PPPs can be evaluated by rule settings
that effectively synthesize outcome indicators and patterns of interaction. In this light,
our analysis focuses only on three variables of the IAD framework (outcomes, patterns
of interactions, and evaluation criteria). By outcomes, we imply the sustainable PPP
outcome principles and indicators, as illustrated in Table 2 and delineated further in
Tables 3 and 4. The patterns of interactions are the environmental and social sustainability
steering strategies principles delineated in Table 5. The evaluative criteria represent the
rule settings that synthesize both outcome principles and indicators and steering strategies
for effective sustainable PPP planning.

A taxonomy of the IAD rules is important to sustainable PPP evaluation as it helps to
categorize and combine both environmental and social sustainability steering strategies in
a cheese-pairing manner. This is achieved as follows: the IAD framework rules, delineated
in Table 8, are used as a lens to synthesize the distinguished steering strategies for envi-
ronmental sustainability (ESS) and social sustainability (SSS) in Table 5 (fourth column),
respectively. With the distinguished ESS and SSS from the literature review in mind, the
observation from that a smooth seven-rule typology might ignore the multiplicity of formal
and informal rules and that, in practice, rules might overlap and gain momentum [34]
gains momentum. Distinguished ESS and SSS readily connect to various elements in the
rule settings depicted by Ostrom and are included in the first columns of Table 8.
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Table 8. Categories and roles of the IAD Framework rules, Cole [47] (p. 837), third column by authors.

ESS and SSS, Rule Settings, and Functioning of Rules (As

Type of Rule Function of Rules Regards Sustainable PPPs)
“Create positions (e.g., member, judge,
Position voter, representative) that ESS and SSS in Table 9 align to one or more of these three rule
actors may hold”. functions target, with sustainable PPPs in mind, (i) the
“Define (1) who is eligible to hold a configuration of actor positions in action situations as regards
certain position, (2) the process by which PPPs, (ii) the characteristics of involved actors in terms of
B positions are assigned to actors cognitions, motivations, and resources, i.e., what the involved
oundary . . . .
(including rules of succession), and (3) actors may know, strive for, and capable of and (iii), how they
how positions may be come into or exit from the action situation, what they must and
exited”. can undertake in the (collective) action situation.
“Prescribe actions actors in position must,
Choice must not, or may take in various
circumstances”.
“Determine how many, and which,
Aggregation players must part%mpate magiven ESS and SSS in Table 9 align to one or more of these two rule
. collectnfe or . functions targeted with sustainable PPPs in mind (i) how many
" op.eratlonal—chom-e dec151op ) and which actors are involved and (ii) how data, information
Authc.)rlze channel§ 9f 1nfor¥nat10n' flows and knowledge gathering, and processing as regards
. a.Vallal‘:)le to par’gapants, 1ncluFllpg environmental and social sustainability should be taken aboard.
Information assignation of obligations, permissions,
or
prohibitions on communication”.
“Assign rewards or sanctions to
Pay-off particular actions that have been taken or ~ ESS and 5SS in Table 9 aligned to one or more of these two rule
on outcomes”. functions target with sustainable PPPs in mind (i) to what
“Delimit the range of possible outcomes. ~extent impacts upon environmental and social sustainability of
Scope In the absence of a scope rule, actors can projects can be neglected and (ii) what the consequences
affect any physically possible outcomes”. imposed upon actors, action situation and decisions can be.
Table 9. Rule Settings as Institutional Conditions for Effective Employment of Steering Strategies
towards Sustainable PPPs at the Planning Stages.
Action Situ.ation Action Situation (Procurement) Action Situation
Ostrom Rule Types (Preparation) (Contract)
ESS SSS ESS SSS ESS SSS
Position— SSS 5
Boundary—Choice 5552 ESSS SSS 6 ESS7
Scope-Payoff ESS2 ESS 4 SSS7
. SSS1
Informatlgn— ESS1 5SS 3 ESS 6
Aggregation ESS 3 SSS 4

The combination of rules in Table 8 supports our final effort to categorize and delineate
ESS and SSS as derived from the literature review through an analytical lens provided by
Ostrom’s IAD variables; it allows us to reason upon gaps that may be held responsible
for disappointing sustainability outcomes of PPP. This led to efforts to steer strategies to
close the gaps and create the institutional design to deal with this. Through this procedure,
there is potential to form institutional design by a further elaboration of rule settings and
consider how they are implemented in the action situations (preparation, procurement,
and contracting) and steering strategies. While IAD refers to these in the neutral language
(evaluative criteria), for our goal in this article, as well as in further research based upon
this effort, the steering strategies and potential for institutional design, as communicated
by this procedure in Table 9, are of interest. Efforts that can both focus on the gaps and also
improve the ESS and SSS as derived from the literature are heightened.
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In terms of position-boundary—choice taxonomy, position rules shape the functions
actors are allotted to achieve sustainable PPPs, such as the appointment of an external
board that can deepen sustainability at the planning stages, fairness and process auditors
that allow third-party arrangements to foster sustainability at the procurement stages, or
independent and technical review panels that can scrutinize PPP projects and safeguard
sustainability during the bidding process. The position rules regulate to what extent actors
are permitted to act, take measures from a string of options, or make decisions [34]. Next,
boundary rules control which actor is competent enough to be admitted to take a position
or leave a position, such as prequalification, that is based on experience in environmental
sustainability practices, as demonstrated by relevant certifications. Boundary rules also
influence the contexts that are needed to take up or quit a position, such as a platform
for close debate during the bidding stage via a strategic communication plan as part of
procurement policy. Thirdly, choice rules stipulate measures that actors in a position should,
should not, or can take in diverse scenarios, such as procedures that monitor and revise
contracts to cater to new technological findings and socioeconomic realities that foster
sustainability.

In terms, of scope—payoff rules, scope rules demarcate the results and impact a known
outcome variable that should, should not, or can be impacted as a consequence of the steps
taken within the sustainable PPP action situations. In sustainable PPPs, for example, tender
documents define the service standard to be achieved especially as it relates to the impact
and risks related to a community. Further, payoff rules state benefits or penalties that are
associated with the definite measures taken or results attained. These relate to inducement
or state aid to private actors that can impart more environmental sustainability expertise.
Additionally, payoff rules in sustainable PPPs involve additional points given to bids that
include innovation related to the reduction of environmental problems.

In terms of information—aggregation rules, information rules refer to the channel
of information flow that is accessible to partners regarding the action situation and the
other partners; for instance, evidence towards EIA for better life-cycle performance and
the use of two-way communication in participative forms are essential to sustainable
PPPs. Additionally, information rules specify actors’ goals, motives, and strategies. For
example, the use of simulation techniques to highlight probabilistic risks and the available
environmental policy are required for sustainable PPPs. Aggregation rules regulate how
many and which actors must partake in a stated joint or workable-choice decision. In this
sense, multi-actor dialogue where there is the active involvement of environmental civil
groups in judging the bids is a prerequisite for sustainable PPPs.

The rules set for sustainable PPPs propose in this study have the potential to ensure
that ingrained to the attainment of the worth of money in PPP infrastructure projects is a
well-built and supportive legal framework that aims to institute, preserve and stimulate
partnerships between the public and private actors for the profit of socio-ecological goals
as a whole [18]. Listed below are some advantages of the rules set regarding potential
regulative frameworks on sustainable PPP planning:

Obligingness with extant environmental and social sustainability rules and strategies;
Government stimulus on the long-term stability of PPPs;

Contexts and benchmarks for the entry of private partners into PPP;

Competitive bidding system for PPP contracts;

Supervision and regulation of EIA and the Social Impact Assessment;

Entrance and assurance to the private sector regarding the right to enter and be
dynamic in partnerships with the contracting authority;

e Role of the public sector, including the transfer of decision making.

5. Conclusions

The soar on the upshot for infrastructure projects procured via PPP will need not only
the integration of environmental or social sustainability principles but also the connection
of institutional designs to the structure of projects, particularly in the planning procedure.
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Accordingly, the discussion about sustainable PPPs pursuing the quest to propel private
investments connected to infrastructure projects and enhance investment budgets must
be addressed. Therefore, institutional and legal instruments that monitor and enforce the
application of steering strategies and enhance environmental and social sustainability goals
at the planning stages are required.

A careful scope towards the central research interest, distinguished and addressed
with three research sub-questions through a systematic literature review and acknowledged
framework (IAD framework), has driven efforts that synthesize institutional design options
for the effective application of identified steering strategies and enhanced sustainability in-
dicators; we hope to contribute to scholarly debate and professional practice. In accordance,
the approach and outcomes are reported.

This study suggests fourteen steering strategies that unpack the relationship between
the process principles required for sustainable PPPs and the outcome indicators regarding
environmental and social sustainability. Based upon the IAD framework’s seven rule types,
three taxonomies of rules (position-boundary—choice, scope—payoff, and information—
aggregation) were synchronized with the identified steering strategies required for sustain-
able PPP and presented as the institutional designs that propel an initial effort to assess
sustainable PPP planning. In doing so, we contribute to the existing literature in different
approaches.

Foremost, the bulk of the latest conceptual frameworks and assessment mechanisms
used to evaluate sustainable development principles in PPP infrastructure projects are
principally focused on economic principles. This study lengthens this small hub and put-
forward rule settings that can propel well-structured and balanced legal frameworks that
can tap into the environmental and social sustainability benefits of PPPs.

Next, a major challenge that confronts public procurers who want to integrate sus-
tainability criteria into policy initiatives relates to the measurability and enforceability of
these criteria, especially social sustainability norms. The steering strategies proposed in
this study are measurable indicators that are easy to apply across the planning stages of
PPP infrastructure projects.

Additionally, we bridge the literature on sustainable PPPs and institution designs.
While previous research has shown the importance of institutional arrangements and PPP
project outcomes, especially in terms of socio-ecological progress, the requisite tools used
to achieve such collaborations are rather limited. Our rule settings in this study offer the
possibility to academics absorbed in this domain to investigate the scope at which, and
under which contexts, PPP institutional designs can add to the attainment of environmental
and social sustainability objectives.

Additionally, we contribute to the expanding IAD framework studies that investigate
PPPs. Despite the growth in the relevance of sustainable PPPs in the scholarly realm,
there is a shortage of research that acknowledges the contribution of the IAD framework
rules in achieving them. It is manifestly given that sustainability is among the factors
considered when analyzing outcomes within the IAD framework. We, therefore, bring the
synergy between institutional designs and PPP to the forefront of the sustainability agenda
by categorizing rule settings into taxonomies that can be easily applied by policymakers
as an evaluation criterion at the decision-making stages. Further, this study reveals the
immensely beneficial robustness of the work of Elinor Ostrom in the comprehension of
rules. It shows that Ostrom’s set of rules advances past a straightforward utilization of
rules by enabling us to draw out certain effects of a set of rules into taxonomies suitable for
sustainable PPP assessment.

In addition, our study has connotations for decision makers. Given the transdisci-
plinary nature of sustainable PPPs, which account for diverse objectives that are frequently
connected, and the composite characteristics of PPPs—with different institutional struc-
tures, which tend to be knotty and lengthy and demand diverse actors—public authorities,
most times, grapple to measure the ingrained and wide benefit of sustainable PPPs. Our
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rule settings offer a prospect that creates an initial assessment of sustainability value across
the planning stages.

In particular, it is paramount to accentuate that the rule settings on sustainable PPPs
aim to support, not replicate, extant assessment instruments that are more concentrated
on PPPs’ financial efficiency or value for money. There exist established evaluation frame-
works that rely on multiplex economic frameworks that furnish the standardization of
the economic effects but neglect environmental and social goals. The rule settings aim at
offering approximate and causal assessment criteria for sustainable PPP planning, which is
also easier to apply compared to intricate models. However, the rule settings should be
understood as a complementary tool to boost both the value and effect of the contemporary
procedures of monitoring PPP planning in particular, especially regarding environmental
and social sustainability.

Last, our study has importance, especially for those that take part in schedules con-
nected to PPP project design. The simple way in which rule settings are linked to specific
environmental and social sustainability strategies would enable PPPs not only to enlarge
their pragmatic contribution to sustainability but also to go further by achieving a higher
standard of quality and acceptance. We maintain that the core merit of our assessment
tool lies in its institutional dimension and the spread of the dimensions, which touches a
broad area of traverse outputs. With six dimensions of sustainability outcome principles
that account for environmental and social aspects and fourteen steering strategies that
cover a broad span of issues (PPPs’ contribution to clean air, biodiversity, energy, material
and design, participation and co-creation, health and safety, and labor and human rights,
among many others), an opportunity for a comprehensive evaluation of sustainable PPPs
is established.

We considered our rule settings as the first effort upon a parsimonious approach
toward sustainable PPPs evaluation at the planning stages. The rule settings provide aware-
ness of the diverse strategies, gaps, and deficiencies involved in integrating environmental
and social sustainability principles into the PPP social processes. The steering strategies
within the rule settings are applicable instruments for policymakers to rearrange public—-
private infrastructure project planning. Nonetheless, evaluation criteria obtained through
the literature review need to be subjected to further study to enhance their applicability for
practitioners.

In addition, while we employed a strict and transparent perspective to select the 32
papers, our procedure used to select the articles introduced some restraints that can be
corrected in later studies. First, the analysis of environmental and social sustainability
considerations is comprehensive but not exhaustive regarding the number of indicators
that are utilized to measure particular components. Second, not all of the indicators found
in the 754 articles initially selected applied to infrastructure PPP projects. Third, restraints
of the research included the possibility of proclivity in the rules’ taxonomic considerations.
To limit this, relevant pieces of the literature were consulted to keep sensible cohesion in
rationality; the concepts contrived have been developed for a logical judgment.

Nonetheless, countries, where PPP is habitually an innate choice for infrastructure
projects can take advantage of the discoveries in this study. This is because the application
of the identified steering strategies in countries with hierarchical control systems and
different socio-political realities could be onerous. Subsequent studies can ameliorate this
limitation. Researchers are challenged to further test and refine the rule settings using
meta-analyses and case studies.

In subsequent research efforts, scholars need to understand if PPP has the requisite
and adequate rules to go from capability to reality and whether it can go from being a
remote problem solver to a methodical and comprehensive player that is futuristic in
addressing urban unsustainability. Furthermore, it is principal to control what clears the
way or constrains the institutional design of PPPs toward sustainability. What are the
institutional environments that constrain sustainable PPP legal frameworks? Finally, future
research is recommended to further elaborate upon the gaps and deficiencies found while
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confronting a systematic literature review with a reductionist analytical model. Hence, the
IAD framework must be on the research agenda if we are to understand and improve the
sustainability of PPP legal frameworks.

Author Contributions: Conceptualization, A.A.A., K.L. and M.A H.; methodology, A.A.A. and
K.L,; validation, A.A.A., K.L. and M.A.H.; formal analysis, A.A.A. and K.L.; investigation, A.A.A.;
writing—original draft preparation, A.A.A.; writing—review and editing, A.A.A., K.L. and M. A H;
supervision, K.L. and M.A.H. All authors have read and agreed to the published version of the
manuscript.

Funding: This research was supported by the Faculty of Behavioural, Management, and Social
Sciences (BMS), University of Twente, The Netherlands.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Grimsey, D.; Lewis, M.K. Public-Private Partnerships: The Worldwide Revolution in Infrastructure Provision and Project Finance; Edward
Elgar Publishing: Cheltenham, UK, 2004; pp. 1-18.

Woetzel, J.; Garemo, N.; Mischke, J.; Hjerpe, M.; Palter, R. Bridging Global Infrastructure Gaps. Available online: https:
/ /www.mckinsey.com/capabilities / operations /our-insights /bridging-global-infrastructure-gaps (accessed on 1 October 2022).
Hueskes, M.; Verhoest, K.; Block, T. Governing Public-Private Partnerships for Sustainability: An Analysis of Procurement and
Governance Practices of PPP Infrastructure Projects. Int. J. Proj. Manag. 2017, 35, 1184-1195. [CrossRef]

Koppenjan, ].E. Public-Private Partnerships for Green Infrastructures. Tensions and Challenges. Curr. Opin. Environ. Sustain. 2015,
12, 30-34. [CrossRef]

Li, B.; Akintoye, A. An Overview of Public-Private Partnership. In Public—Private Partnerships: Managing Risks and Opportunities;
Akintoye, A., Beck, M., Hardcastle, C., Eds.; Blackwell Science Ltd.: Oxford, UK, 2003; pp. 3-30.

Berrone, P; Ricart, J.E.; Duch, A.L; Bernardo, V.; Salvador, J.; Piedra Pefia, J.; Rodriguez Planas, M. EASIER: An Evaluation Model
for Public-Private Partnerships Contributing to the Sustainable Development Goals. Sustainability 2019, 11, 2339. [CrossRef]
Lenferink, S.; Tillema, T.; Arts, J. Towards Sustainable Infrastructure Development through Integrated Contracts: Experiences
with Inclusiveness in Dutch Infrastructure Projects. Int. J. Proj. Manag. 2013, 31, 615-627. [CrossRef]

Bloomfield, P. The Challenging Business of Long-Term Public-Private Partnerships: Reflections on Local Experience. Public Adm.
Rev. 2006, 66, 400-411. [CrossRef]

Koppenjan, J.E; Enserink, B. Public-Private Partnerships in Urban Infrastructures: Reconciling Private Sector Participation and
Sustainability. Public Adm. Rev. 2009, 69, 284-296. [CrossRef]

Plamonia, N. Improving the Coverage Area of Drinking Water Provision by Using Build Operate and Transfer Investments in
Indonesia: An Institutional Analysis. Ph.D. Thesis, University of Twente, Enschede, The Netherlands, 2020.

Marx, A. Public-Private Partnerships for Sustainable Development: Exploring Their Design and Its Impact on Effectiveness.
Sustainability 2019, 11, 1087. [CrossRef]

Hayllar, M.R. Public-Private Partnerships in Hong Kong: Good Governance-The Essential Missing Ingredient? Aust. J. Public
Adm. 2010, 69, S99-5119. [CrossRef]

Matos-Castafio, J.; Mahalingam, A.; Dewulf, G. Unpacking the path-dependent process of institutional change for PPPs. Aust. J.
Public Adm. 2014, 73, 47-66. [CrossRef]

Bochaniczyk-Kupka, D.; Peciak, R. Institutions in the Context of Sustainable Development. Macrotheme Rev. 2015, 4, 29-41.
Harris, ].M. Sustainability and Sustainable Development. Int. Soc. Ecol. Econ. 2003, 1, 1-12.

Malvestio, A.C.; Fischer, T.B.; Montafio, M. The Consideration of Environmental and Social Issues in Transport Policy, Plan and
Programme Making in Brazil: A Systems Analysis. |. Clean. Prod. 2018, 179, 674-689. [CrossRef]

Bakhtawar, B.; Thaheem, M.].; Arshad, H.; Tariq, S.; Mazher, K. M.; Zayed, T.; Akhtar, N. A Sustainability-Based Risk Assessment
for P3 Projects Using a Simulation Approach. Sustainability 2022, 14, 344. [CrossRef]

Colverson, S.; Perera, O. Harnessing the Power of Public-Private Partnerships: The Role of Hybrid Financing Strategies in
Sustainable Development. 2012. Available online: https://www.iisd.org/system/files/publications/harnessing_ppp.pdf
(accessed on 10 September 2022).

Patil, N.A.; Laishram, B. Public-Private Partnerships from Sustainability Perspective—A Critical Analysis of the Indian Case. Int.
J. Constr. Manag. 2016, 16, 161-174. [CrossRef]


https://www.mckinsey.com/capabilities/operations/our-insights/bridging-global-infrastructure-gaps
https://www.mckinsey.com/capabilities/operations/our-insights/bridging-global-infrastructure-gaps
https://doi.org/10.1016/j.ijproman.2017.02.020
https://doi.org/10.1016/j.cosust.2014.08.010
https://doi.org/10.3390/su11082339
https://doi.org/10.1016/j.ijproman.2012.09.014
https://doi.org/10.1111/j.1540-6210.2006.00597.x
https://doi.org/10.1111/j.1540-6210.2008.01974.x
https://doi.org/10.3390/su11041087
https://doi.org/10.1111/j.1467-8500.2010.00675.x
https://doi.org/10.1111/1467-8500.12062
https://doi.org/10.1016/j.jclepro.2017.11.152
https://doi.org/10.3390/su14010344
https://www.iisd.org/system/files/publications/harnessing_ppp.pdf
https://doi.org/10.1080/15623599.2016.1146113

Sustainability 2023, 15, 9422 24 of 26

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.
34.
35.
36.
37.
38.
39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Donnelly, A.; Jones, M.; O’'Mahony, T.; Byrne, G. Selecting Environmental Indicators for Use in Strategic Environmental
Assessment. Environ. Impact Assess. Rev. 2007, 27, 161-175. [CrossRef]

Anderson, ].L.; Muench, S.T. Sustainability Trends Measured by the Greenroads Rating System. Transp. Res. Rec. 2013, 2357,
24-32. [CrossRef]

He, N.; Li, Y;; Li, H.; Liu, Z.; Zhang, C. Critical Factors to Achieve Sustainability of Public-Private Partnership Projects in the
Water Sector: A Stakeholder-Oriented Network Perspective. Complexity 2020, 2020, 8895980. [CrossRef]

Aguado, A.; Cafo, A.D.; de la Cruz, M.P,; Gémez, D.; Josa, A. Sustainability Assessment of Concrete Structures within the Spanish
Structural Concrete Code. J. Constr. Eng. Manag. 2012, 138, 268-276. [CrossRef]

Ugwu, O.0.; Kumaraswamy, M.M.; Wong, A.; Ng, S.T. Sustainability Appraisal in Infrastructure Projects (SUSAIP): Part 2: A
Case Study in Bridge Design. Autom. Constr. 2006, 15, 229-238. [CrossRef]

Dasgupta, S.; Tam, E.K. Indicators and Framework for Assessing Sustainable Infrastructure. Can. . Civ. Eng. 2005, 32, 30—44.
[CrossRef]

George, C. Sustainability Appraisal for Sustainable Development: Integrating Everything from Jobs to Climate Change. Impact
Assess. Proj. Apprais. 2001, 19, 95-106. [CrossRef]

Gibson, R.B.; Selma, H.; Susan, H.; James, T.; Graham, W. Sustainability Assessment: Criteria and Processes; Earthscan Publication:
London, UK, 2005.

Devolder, S.; Block, T. Transition Thinking Incorporated: Towards a New Discussion Framework on Sustainable Urban Projects.
Sustainability 2005, 7, 3269-3289. [CrossRef]

Sweere, N. An Energy-Neutral Highway, the New Standard? Bachelor’s Thesis, University of Groningen, Groningen, The
Netherlands, 2020.

Hoeft, M.; Pieper, M; Eriksson, K.; Bargstadt, H.-J. Toward Life Cycle Sustainability in Infrastructure: The Role of Automation
and Robotics in PPP Projects. Sustainability 2021, 13, 3779. [CrossRef]

Ferrarez, R.PF; Vargas, R.V.; Alvarenga, ].C.; Chinelli, C.K.; de Almeida Costa, M.; de Oliveira, B.L.; Soares, C.A.P. Sustainability
Indicators to Assess Infrastructure Projects: Sector Disclosure to Interlock with the Global Reporting Initiative. Eng. J. 2020, 24,
43-61. [CrossRef]

Morse, S.; McNamara, N.; Acholo, M.; Okwoli, B. Sustainability Indicators: The Problem of Integration. Sustain. Dev. 2001, 9,
1-15. [CrossRef]

Kumaraswamy, M.M.; Anvuur, A.M. Selecting Sustainable Teams for PPP Projects. Build. Environ. 2008, 43, 999-1009. [CrossRef]
Ostrom, E. Background on the Institutional Analysis and Development Framework. Policy Stud. . 2011, 39, 7-27. [CrossRef]
Xiao, Y.; Watson, M. Guidance on Conducting a Systematic Literature Review. J. Plan. Educ. Res. 2019, 39, 93-112. [CrossRef]
Tranfield, D.; Denyer, D.; Smart, P. Towards a Methodology for Developing Evidence-Informed Management Knowledge using
Systematic Review. Br. J. Manag. 2003, 14, 207-222. [CrossRef]

Cook, D.J.; Mulrow, C.D.; Haynes, R.B. Systematic Reviews: Synthesis of Best Evidence for Clinical Decisions. Ann. Intern. Med.
1997, 126, 376-380. [CrossRef]

Mobher, D.; Shamseer, L.; Clarke, M.; Ghersi, D.; Liberati, A.; Petticrew, M.; Stewart, L.A. Preferred Reporting Items for Systematic
Review and Meta-Analysis Protocols (PRISMA-P) 2015 Statement. Syst. Rev. 2015, 4, 1. [CrossRef] [PubMed]

Le, P.T,; Kirytopoulos, K.; Chileshe, N.; Rameezdeen, R. Taxonomy of Risks in PPP Transportation Projects: A Systematic
Literature Review. Int. |. Constr. Manag. 2019, 22, 166-181. [CrossRef]

Liberati, A.; Altman, D.G,; Tetzlaff, J.; Mulrow, C.; Getzsche, P.C.; Ioannidis, J.P.; Clarke, M.; Devereaux, PJ.; Kleijnen, J.; Moher, D.
The PRISMA Statement for Reporting Systematic Reviews and Meta-Analyses of Studies that Evaluate Health Care Interventions:
Explanation and Elaboration. Ann. Intern. Med. 2009, 151, W-65. [CrossRef] [PubMed]

Seuring, S.; Gold, S. Conducting Content-Analysis Based Literature Reviews in Supply Chain Management. Supply Chain Manag.
2012, 17, 544-555. [CrossRef]

Abbasi, M.; Nilsson, F. Themes and Challenges in Making Supply Chains Environmentally Sustainable. Supply Chain Manag.
2012, 17,517-530. [CrossRef]

Carter, C.R,; Liane Easton, P. Sustainable Supply Chain Management: Evolution and Future Directions. Int. |. Phys. Distrib. 2011,
41, 46-62. [CrossRef]

Akomea-Frimpong, I; Jin, X.; Osei-Kyei, R.; Kukah, A.S. Public-Private Partnerships for Sustainable Infrastructure Development
in Ghana: A Systematic Review and Recommendations. Smart Sustain. Built Environ. 2021, 12, 237-257. [CrossRef]

Kauko, T. An Institutional Analysis of Property Development, Good Governance, and Urban Sustainability. Eur. Plan. Stud. 2012,
20, 2053-2071. [CrossRef]

Polski, M.M.; Ostrom, E. An Institutional Framework for Policy Analysis and Design. In Proceedings of the Workshop in Political
Theory and Policy Analysis Center for the Study of Institutions, Population, and Environmental Change, Department of Political
Science Indiana University, Bloomington, IN, USA, 21-25 June 1999.

Cole, D.H. Laws, Norms, and the Institutional Analysis and Development Framework. J. Inst. Econ. 2017, 13, 829-847. [CrossRef]
Imperial, M.T.; Yandle, T. Taking Institutions Seriously: Using the IAD Framework to Analyze Fisheries Policy. Soc. Nat. Resour.
2005, 18, 493-509. [CrossRef]

Crawford, S.E.; Ostrom, E. A Grammar of Institutions. Am. Polit. Sci. Rev. 1995, 89, 582-600. [CrossRef]


https://doi.org/10.1016/j.eiar.2006.10.006
https://doi.org/10.3141/2357-03
https://doi.org/10.1155/2020/8895980
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000419
https://doi.org/10.1016/j.autcon.2005.05.005
https://doi.org/10.1139/l04-101
https://doi.org/10.3152/147154601781767104
https://doi.org/10.3390/su7033269
https://doi.org/10.3390/su13073779
https://doi.org/10.4186/ej.2020.24.6.43
https://doi.org/10.1002/sd.148
https://doi.org/10.1016/j.buildenv.2007.02.001
https://doi.org/10.1111/j.1541-0072.2010.00394.x
https://doi.org/10.1177/0739456X17723971
https://doi.org/10.1111/1467-8551.00375
https://doi.org/10.7326/0003-4819-126-5-199703010-00006
https://doi.org/10.1186/2046-4053-4-1
https://www.ncbi.nlm.nih.gov/pubmed/25554246
https://doi.org/10.1080/15623599.2019.1615756
https://doi.org/10.7326/0003-4819-151-4-200908180-00136
https://www.ncbi.nlm.nih.gov/pubmed/19622512
https://doi.org/10.1108/13598541211258609
https://doi.org/10.1108/13598541211258582
https://doi.org/10.1108/09600031111101420
https://doi.org/10.1108/SASBE-07-2021-0111
https://doi.org/10.1080/09654313.2012.722926
https://doi.org/10.1017/S1744137417000030
https://doi.org/10.1080/08941920590947922
https://doi.org/10.2307/2082975

Sustainability 2023, 15, 9422 25 of 26

50.

51.
52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Ostrom, E.; Gardner, R.; Walker, J.; Walker, J. Rules, Games, and Common-Pool Resources; University of Michigan Press: Ann Arbor,
MI, USA, 1994; pp. 1-21.

Ostrom, E. Understanding Institutional Diversity; Princeton University Press: Princeton, NJ, USA, 2005; pp. 186-215.

World Commission on Environment and Development. Towards Sustainable Development: Our Common Future; Oxford University
Press: Oxford, UK, 1987; pp. 43-66.

Bostrom, M. A Missing Pillar? Challenges in Theorizing and Practicing Social Sustainability: Introduction to the Special Issue.
Sustain. Sci. Pract. Policy 2012, 8, 3-14. [CrossRef]

Tsai, C.Y.; Chang, A.S. Framework for Developing Construction Sustainability Items: The Example of Highway Design. |. Clean.
Prod. 2012, 20, 127-136. [CrossRef]

Xiahou, X.; Tang, L.; Yuan, J.; Zuo, J.; Li, Q. Exploring Social Impacts of Urban Rail Transit PPP Projects: Towards Dynamic Social
Change from the Stakeholder Perspective. Environ. Impact Assess. Rev. 2022, 93, 106700. [CrossRef]

Wang, K.; Ke, Y; Liu, T.; Sankaran, S. Social Sustainability in Public-Private Partnership Projects: Case Study of the Northern
Beaches Hospital in Sydney. Eng. Constr. Archit. Manag. 2021, 29, 2437-2460. [CrossRef]

Patil, N.A,; Tharun, D.; Laishram, B. Infrastructure Development through PPPs in India: Criteria for Sustainability Assessment. J.
Environ. Plan. Manag. 2016, 59, 708-729. [CrossRef]

Khan, Z.; Ali, M.; Kirikkaleli, D.; Wahab, S.; Jiao, Z. The Impact of Technological Innovation and Public-Private Partnership
Investment on Sustainable Environment in China: Consumption-Based Carbon Emissions Analysis. Sustain. Develop. 2020, 28,
1317-1330. [CrossRef]

Patil, N.A.; Thounaojam, N.; Laishram, B. Enhancing Sustainability of Indian PPP Procurement Process using System Dynamics
Model. J. Public Procure. 2021, 21, 345-369. [CrossRef]

Nizkorodov, E. Evaluating Risk Allocation and Project Impacts of Sustainability-Oriented Water Public-Private Partnerships in
Southern California: A Comparative Case Analysis. World Dev. 2021, 140, 105232. [CrossRef]

Shahbaz, M.; Raghutla, C.; Song, M.; Zameer, H.; Jiao, Z. Public-Private Partnerships Investment in Energy as New Determinant
of CO, Emissions: The Role of Technological Innovations in China. Energy Econ. 2020, 86, 104664. [CrossRef]

Li, H; Xia, Q.; Wang, L.; Ma, Y. Sustainability Assessment of Urban Water Environment Treatment Public-Private Partnership
Projects using Fuzzy Logic. J. Eng. Des. Technol. 2020, 18, 1251-1267. [CrossRef]

Chen, C.; Yu, Y,; Osei-Kyei, R.; Chan, A.P.C.; Xu, J. Developing a Project Sustainability Index for Sustainable Development in
Transnational Public-Private Partnership Projects. Sustain. Dev. 2019, 27, 1034-1048. [CrossRef]

Dolla, T.; Laishram, B.S. Procurement of Low Carbon Municipal Solid Waste Infrastructure in India through Public-Private
Partnerships. Built Environ. Proj. Asset Manag. 2018, 8, 449—-460. [CrossRef]

Yuan, J.; Li, W.,; Guo, J.; Zhao, X.; Skibniewski, M.J. Social Risk Factors of Transportation PPP Projects in China: A Sustainable
Development Perspective. Int. ]. Environ. Res. Public Health. 2018, 15, 1323. [CrossRef] [PubMed]

Gao, G.-X. Sustainable Winner Determination for Public-Private Partnership Infrastructure Projects in Multi-Attribute Reverse
Auctions. Sustainability 2018, 10, 4129. [CrossRef]

Agarchand, N.; Laishram, B. Sustainable Infrastructure Development Challenges through PPP Procurement Process: Indian
Perspective. Int. . Manag. Proj. Bus. 2017, 10, 642-662. [CrossRef]

Kivilg, J.; Martinsuo, M.; Vuorinen, L. Sustainable Project Management through Project Control in Infrastructure Projects. Int. J.
Proj. Manag. 2017, 35, 1167-1183. [CrossRef]

Spraul, K.; Thaler, J. Partnering for Good? An Analysis of How to Achieve Sustainability-Related Outcomes in Public—Private
Partnerships. Bus. Res. 2020, 13, 485-511. [CrossRef]

Cedrick, B.Z.E.; Long, P.W. Investment Motivation in Renewable Energy: A PPP Approach. Energy Procedia 2017, 115, 229-238.
[CrossRef]

Koscielniak, H.; Gorka, A. Green Cities PPP as a Method of Financing Sustainable Urban Development. Transp. Res. Procedia 2016,
16, 227-235. [CrossRef]

Villalba-Romero, F.; Liyanage, C.; Roumboutsos, A. Sustainable PPPs: A Comparative Approach for Road Infrastructure. Case
Stud. Transp. Policy 2015, 3, 243-250. [CrossRef]

Bai, X.; Dawson, R.J.; Urge—Vorsatz, D.; Delgado, G.C.; Salisu Barau, A.; Dhakal, S.; Dodman, D.; Leonardsen, L.; Masson-Delmotte,
V.; Roberts, D.C.; et al. Six Research Priorities for Cities and Climate Change. Nature 2018, 555, 23-25. [CrossRef]

Selim, A.M.; ElGohary, A.S. Public-Private Partnerships (PPPs) in Smart Infrastructure Projects: The Role of Stakeholders. HBRC
J. 2020, 16, 317-333. [CrossRef]

Xiong, W.; Chen, B.; Wang, H.; Zhu, D. Public-Private Partnerships as a Governance Response to Sustainable Urbanization:
Lessons from China. Habitat Int. 2020, 95, 102095. [CrossRef]

Spoann, V.; Fujiwara, T.; Seng, B.; Lay, C.; Yim, M. Assessment of public—private partnership in municipal solid waste management
in Phnom Penh, Cambodia. Sustainability 2019, 11, 1228. [CrossRef]

Ng, S.T.; Wong, ].M.; Wong, K.K. A Public-Private People Partnerships (P4) Process Framework for Infrastructure Development
in Hong Kong. Cities 2013, 31, 370-381. [CrossRef]

Karji, A.; Woldesenbet, A.; Khanzadi, M.; Tafazzoli, M. Assessment of Social Sustainability Indicators in Mass Housing Construc-
tion: A Case Study of Mehr Housing Project. Sustain. Cities Soc. 2019, 50, 101697. [CrossRef]


https://doi.org/10.1080/15487733.2012.11908080
https://doi.org/10.1016/j.jclepro.2011.08.009
https://doi.org/10.1016/j.eiar.2021.106700
https://doi.org/10.1108/ECAM-10-2020-0835
https://doi.org/10.1080/09640568.2015.1038337
https://doi.org/10.1002/sd.2086
https://doi.org/10.1108/JOPP-01-2019-0002
https://doi.org/10.1016/j.worlddev.2020.105232
https://doi.org/10.1016/j.eneco.2020.104664
https://doi.org/10.1108/JEDT-10-2019-0260
https://doi.org/10.1002/sd.1954
https://doi.org/10.1108/BEPAM-10-2017-0087
https://doi.org/10.3390/ijerph15071323
https://www.ncbi.nlm.nih.gov/pubmed/29937535
https://doi.org/10.3390/su10114129
https://doi.org/10.1108/IJMPB-10-2016-0078
https://doi.org/10.1016/j.ijproman.2017.02.009
https://doi.org/10.1007/s40685-019-0097-3
https://doi.org/10.1016/j.egypro.2017.05.021
https://doi.org/10.1016/j.trpro.2016.11.022
https://doi.org/10.1016/j.cstp.2015.04.005
https://doi.org/10.1038/d41586-018-02409-z
https://doi.org/10.1080/16874048.2020.1825038
https://doi.org/10.1016/j.habitatint.2019.102095
https://doi.org/10.3390/su11051228
https://doi.org/10.1016/j.cities.2012.12.002
https://doi.org/10.1016/j.scs.2019.101697

Sustainability 2023, 15, 9422 26 of 26

79. Grasman, S.E.; Faulin, J.; Lera-Lopez, F. Integrating Environmental Outcomes into Transport Public-Private Partnerships. Int. J.
Sustain. Transp. 2014, 8§, 399-422. [CrossRef]

80. Ruiz, J.G.; Arboleda, C.A.; Botero, S. A Proposal for Green Financing as a Mechanism to Increase Private Participation in
Sustainable Water Infrastructure Systems: The Colombian Case. Procedia Eng. 2016, 145, 180-187. [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/10.1080/15568318.2012.708820
https://doi.org/10.1016/j.proeng.2016.04.058

	Introduction 
	Materials and Methods 
	Systematic Literature Review 
	Search Strategy 
	Selection of Articles 
	Analysis and Synthetization 
	Limitations 

	Analytical Framework 

	Results and Discussion 
	Sustainability Outcome Principles and Indicators 
	Overview of Environmental Sustainability Outcome Indicators in the Literature 
	Overview of Social Sustainability Outcome Indicators in the Literature 
	Summary 

	Sustainability Process Principles Indicators and Strategies 
	Environmental Sustainability Process Principles Indicators and Strategies in the Literature 
	Social Sustainability Process Principles Indicators and Strategies in the Literature 
	Summary 

	Overview 

	Rule Setting for Sustainable PPPs 
	Conclusions 
	References

