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Sustainability has recently been acknowledged as a crucial issue in infrastructure projects. Developing a model to evaluate project
sustainability according to sustainability indicators plays a major role in promoting the sustainable development of water environment
treatment public-private partnership (PPP) projects. Traditional sustainability assessments are mostly based on the triple bottom line
(economic, social, and environmental) and lack a more integrated indicator system. To connect the research gap, this paper identifies 27
factors that affect the sustainability of water environment treatment PPP projects from five dimensions: economy, society, resources and
environment, engineering, and project management using exploratory factor analysis. The fitting degree between the model and original
data is verified by confirmatory factor analysis. The results showed that the fitting was successful. This paper makes two contributions:
first, it provides a comprehensive sustainability evaluation indicator system from five aspects, laying a foundation for the evaluation of
project sustainability. Second, this study defines a methodology to evaluate and rank factors, identifies the indicators that show the most
significant impact on project sustainability in the five dimensions, which provide a reliable reference for the public and private sector to
take appropriate measures to improve the sustainability level of water environment treatment public-private partnership projects.

1. Introduction

With the rapid development of economy and society, the
problem of water environment pollution in China increases
significantly. The government has been fully responsible for
the investment and management of environmental treat-
ment in the past decades, not only leading to notable fi-
nancial pressure but also challenging the government’s
management ability. Water environment treatment projects
involve social infrastructure projects, such as sewage
treatment, ecological restoration, and landscape greening;
such projects require professional knowledge, and thus,
guaranteeing efficiency while completely depending on the
government presents difficulty [1]. Introducing public-
private partnership (PPP) into water environment treat-
ment has gradually become critical. On the one hand, it can

alleviate the burden of public financial shortage and ensure
the timely provision of needed infrastructure [2]. On the
other hand, a private sector with valuable business oppor-
tunities can use innovative technologies and advanced
management skills to improve governance efficiency and
enhance the effect of water environment treatment [3, 4]. In
recent years, the government has exerted considerable effort
to promote the comprehensive improvement of the water
environment and conducted numerous water environment
treatment PPP projects, as shown in Figure 1.

Since the concept of “sustainable development” was de-
fined in the Brundtland Report in 1987, it has gradually been
accepted by organizations and governments worldwide [5].
Sustainable development is defined as development that
meets the needs of the present without compromising the
ability of future generations to meet their own needs. PPP is
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FIGURE 1: The number of water environment treatment PPP projects
undertaken in the past five years. Note. The data of this paper are
from the PPP center project management database of the Ministry of
Finance, and the statistical time is as of October 11, 2018.

sometimes mentioned as a potential method for achieving
sustainability goals [6]. Given the financial pressures faced by
the government and the increased efficiency provided by the
private sector, PPP has become one of the preferred ways for
the government to develop infrastructure. However, as the
participation of the private sector in PPP projects is profit-
driven, it is easy to pay too much attention to the economic
target of whether the project is profitable, while ignoring the
impact of the project on the environment and society. Second,
the private sector emphasizes short-term financial returns on
investment, but the sustainability performance of projects can
only be achieved from a long-term perspective. Thus, the
concept of sustainable development needs to be included in
infrastructure projects delivered through PPP; otherwise, the
projects would fail [7]. The sustainability of PPP projects
should consider two aspects. First, PPP infrastructure projects
should be consistent with the level of regional economic
development, which means not only meeting the long-term
and effective demand of the public but also promoting the
sustainable development of society, economy, environment,
and resources. Second, the development of the project itself
should be sustainable, including aspects such as the durability
of the project itself, life-cycle cost, and energy consumption.
Therefore, in order to achieve sustainability and promote the
healthy development of PPP projects, it is necessary to
evaluate their sustainability.

Infrastructure projects have major effects on imple-
menting the principles of sustainable development. Therefore,
researchers investigated infrastructure project sustainability
from different perspectives. Timmermans and Beroggi [8]
studied the sustainability assessment of infrastructure from
several aspects, including economic sustainability, social
sustainability, technological safety, attractiveness for living,
and attractiveness for businesses. Sahely et al. [9] developed a
framework that focuses on key interactions and feedback
mechanisms between infrastructure and surrounding envi-
ronmental, economic, and social systems for the sustainability
assessment of urban infrastructure systems. Shen et al. [10]
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introduced key assessment indicators (KAIs) for assessing the
sustainability performance of an infrastructure project from
three dimensions embodied in sustainable development
principles (i.e., economic, environmental, and social). Most
research started from the sustainable triple bottom line,
economic, social, and environmental aspects and lacked more
comprehensive assessment indicators, which constitute an
obstacle to effectively assessing the sustainability of in-
frastructure projects. For example, projects may succeed or fail
in terms of how they reach their goals and how they are
managed [11]. Achievement of project goals requires efficient
project control [12]. Previous studies focused on the envi-
ronmental aspects of sustainability in project deliverables
while giving less attention to sustainable project management
during project delivery [13]. Armanios [14] believed that if we
are to possess a more complete and holistic view of sustain-
ability, engineering sustainability needs to be considered and
discussed more. At present, few investigations are available on
the sustainability of PPP infrastructure projects. Hueskes et al.
[7] showed that sustainability considerations currently play
only a limited role and that social dimensions of sustainability
are largely neglected in PPP infrastructure projects.

To connect these gaps, we aim to consider more com-
prehensive sustainability aspects into the water environment
treatment PPP projects. This paper aims to identify the
sustainability indicators (economy, society, resources and
environment, engineering, and project management) in
water environment treatment PPP projects according to
previous studies. This paper also ascertains how such factors
are identified and measured. Finally, this paper also aims to
determine a methodology for evaluating and ranking critical
factors of water environment treatment PPP projects. This
study constructs a theoretical research framework for sus-
tainability evaluation of water environment treatment
public-private partnership projects in a comprehensive and
multidimensional way. Moreover, this paper identifies the
indicators that show the most significant impact on project
sustainability, which provide a useful reference for the public
and private sector to take appropriate measures to improve
the sustainability level of water environment treatment
public-private partnership projects.

The remainder of the paper is organized as follows.
Section 2 reviews the sustainability literature on infrastructure
projects, PPP, and water management. Section 3 preliminarily
constructs the PPP project sustainability evaluation index
system from five aspects: economy, society, resources and
environment, engineering, and project management sus-
tainability. Section 4 introduces the research methodology.
Section 5 presents the data analysis, including exploratory
factor analysis, confirmatory factor analysis, and calculation
of indicator weights. Section 6 discusses the factors influ-
encing water environment treatment PPP projects. Finally,
Section 7 describes the conclusions, practical implications,
limitations, and future work of this study.

2. Literature Review

2.1. Sustainability of Infrastructure Projects. Sustainability is
commonly understood through its three components, which
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are often referred to as the triple bottom line. In in-
frastructure projects, the sustainability of deliverables and
delivery processes are both crucial as they can have re-
markable social and environmental impacts [13].

Infrastructure is the foundation of social and economic
development, hence resulting in the heavy infrastructure
investment in developing countries. From 1970 to 2005,
more than 30% of the World Bank’s investment served to
implement various types of infrastructure in developing
countries [10]. In general, infrastructure projects provide a
natural monopoly, externality, and indirect benefits.
Therefore, evaluating their sustainability is necessary [15].

Researchers conducted sustainable research on in-
frastructure projects from different perspectives. Shen et al.
[16] suggested that to achieve better sustainability, interests,
powers, and responsibilities should be divided among the
project parties within the concession term of the in-
frastructure project. Dasgupta and Tam [17] synthesized the
sustainability indicators of civil infrastructure projects by
using a multiobjective decision approach to facilitate the
choice of practical alternatives for better sustainability
performance. Ugwu et al. [18] used the weighted-sum model
technique in multicriteria decision analysis (MCDA) and
the additive utility model in the analytical hierarchical
process (AHP) to develop a multicriterion decision-making
model for sustainability appraisal in infrastructure projects.
Timmermans and Beroggi [8] argued that economic sus-
tainability, social sustainability, technological safety, at-
tractiveness for living, and attractiveness for businesses
should be considered when assessing infrastructure project
sustainability. Shen et al. [10] believed that project sus-
tainability assessment indicators in previous studies were
fragmental and that a complete assessment system was
lacking. Therefore, they introduced KAls for assessing the
sustainability performance of an infrastructure project
according to the triple bottom line. Kivild et al. [13] argued
that less attention has been directed at sustainable project
management during project delivery and indicated that
sustainable project management is implemented using not
only indicators but also a holistic control package, in which
control mechanisms are used differently for various sus-
tainability dimensions. Internal project control is com-
plemented with sustainable project governance, which links
the project to external stakeholders and regulations. Amiril
et al. [19] explored the relationship between sustainability
factors and the performance of transportation infrastructure
projects and identified the sustainability factors involved in
environmental, economic, social, engineering/resource uti-
lization, and project administration issues. Their findings
will promote the implementation of sustainability strategies
and provide theoretical support and reference for the study
of the sustainability of water environment treatment
projects.

In summary, sustainability has received wide attention in
infrastructure projects. Previous studies examined the sus-
tainability of infrastructure from the triple bottom line
principle. Recently, several researchers have begun to study
the sustainability of infrastructure from other aspects,
e.g., project management sustainability and engineering

sustainability. For an infrastructure project, not only its
impact on the outside environment (economic, social, and
environmental) but also the sustainability of the engineering
itself and project management should be paid attention to.
Engineering sustainability is the foundation for water en-
vironment treatment PPP projects. Project management
sustainability is the core meaning to guarantee and promote
the sustainable development of economy, society and
environment.

2.2. Sustainability of PPP Projects. PPP is a procurement
approach where the public and private sectors join forces to
deliver a public service or facility. In this arrangement,
normally, the public and private sectors will contribute their
expertise and resources to the project and share the involved
risks [20, 21]. PPP is widely used in infrastructure con-
struction and public services because of its effective fi-
nancing capacity, which can help mitigate the risk of local
government debt [22].

With the global application of PPP, more related studies
have been conducted, such as those on PPP risk manage-
ment [23], key success factors [24], governance [7], and
sustainable development [7, 25, 26].

PPP has been adopted as the preferred route for the
development of infrastructure projects by both developing
and developed countries. However, Koppenjan and Enserink
[27] argued that private sector involvement in infrastructure
leads not necessarily to sustainable development as the
private sector is primarily concerned with short-term fi-
nancial returns on investment, and the sustainability per-
formance of projects can only be achieved from a long-term
perspective. Ye and Deng [28] proposed four partnership
characteristics, including maintaining the consistency of
objectives, long-term cooperation, equal coordination, and
benefit-risk sharing, among the three stakeholders, namely,
the government sector, the private sector, and the public
sector; moreover, the authors developed a method to realize
the sustainability of PPP infrastructure projects. Shen et al.
[25] believed in the differing expectations of the public and
private sectors; allocation of investment between these
stakeholders poses a significant impact on the sustainable
performance of projects. The sustainability performance-
based evaluation model (SPbEM) was developed to assess
the level of sustainability performance of PPP projects. Patil
et al. [21] proposed the sustainability evaluation principle
of PPP projects based on stakeholder participation and
empowerment, institutional capacity, efficient project im-
plementation, socioecological compatibility, resource utili-
zation efficiency and maintenance, value for money, quality
of life, affordability, and compensation. Hueskes et al. [7]
observed that the social dimensions of sustainability were
largely neglected due to the difficulties encountered in
formulating measurable social sustainability criteria. How-
ever, a “strong” sustainability perspective is inherently in-
compatible with the contractual PPP project structure, thus
requiring measurable and enforceable performance in-
dicators. Such incompatibility is a major challenge for the
sustainability evaluation for PPP projects.



There are many studies on sustainability in the field of
infrastructure, but few focused on the PPP domain, as PPP
projects different from traditional investment models, in-
volve many stakeholders, and include complex management
structures. Moreover, given its profit-driven nature, the
private sector only pays attention to short-term economic
benefits and ignores the long-term impact on the economy,
society, and environment, thus preventing the realization of
sustainable development goals. Therefore, studying the
sustainability of PPP projects is valuable.

2.3. Sustainability of Water Management. An increasing
number of developing countries are faced with water
shortages, for reasons that include the scarcity of natural
water resources, population growth, high standards of living,
and lack of well-developed supply infrastructure. Water
sustainability is essential for humans to live in a healthy
manner while maintaining the natural environment [29].
Water also plays a fundamental role in the security of food
and energy and in economic growth and poverty reduction.
Water shortages, if not met in a timely and sustainable
manner, will inevitably result in serious adverse effects on
socioeconomic and commercial development [30]. More-
over, for the past 60 years, rapid economic development and
urban population growth have outpaced environmental
infrastructure in urban cities around the world. Cities lack
sewer networks. Uncontained raw sewer flows into water
bodies, ultimately contaminating the environment. Simi-
larly, sewage pollution threatens human health and wildlife
in different regions around the world. This increase in en-
vironmental pollution underscores the need for effective
environmental resource management [31].

A number of researchers have investigated water sus-
tainability. Elnaboulsi [31] believed that sustainable devel-
opment of public wastewater utilities can be achieved by
promoting full-cost pricing and considering external costs
from wastewater services. Reduction in drinking water
consumption, also through the reuse and recycling of un-
conventional sources of water, has been identified as one of
the goals of sustainable development. Therefore, Zanni et al.
[32] evaluated and compared the environmental impacts
attributable to the use of water supply sources (such as
rainwater harvesting and graywater recycling), which
present alternatives to the traditional one, through the
combined use of life-cycle assessment and a hydrological
model. Pellicer-Martinez and Martinez-Paz [33] proposed
the use of water footprint indicator to assess environmental
sustainability in water resource management at the river
basin level. Nuong et al. [34] used the AHP approach to
evaluate the social sustainability of Hanoi’s groundwater
resources from three aspects: quantity, quality, and man-
agement of water.

In summary, most studies on water sustainability focus
on one aspect: economy, society, or environment. Fur-
thermore, many investigations were conducted on the
sustainability of water resources but few on water pollution
and water environment treatment. A healthy water envi-
ronment is the premise and foundation for the sustainable
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development of cities and towns. It is an important factor to
ensuring the harmonious development of human and na-
ture, human and society, and the city, economy, and en-
vironment, aside from being an objective requirement for
the healthy development of China’s urbanization. At pres-
ent, water environment treatment PPP projects have become
an important part of China’s public infrastructure con-
struction projects. Therefore, it is necessary for the gov-
ernment to evaluate the sustainability of water environment
treatment PPP projects from comprehensive dimensions.
A review of the current literature indicates that sus-
tainability has been widely researched in infrastructure
projects and water resources, but little research has been
done on PPP projects, water pollution, and water envi-
ronment treatment. Furthermore, most research started
from the sustainable triple bottom line and lacked more
comprehensive assessment indicators. To connect these
gaps, this paper provides a comprehensive sustainability
evaluation indicator system of water environment treatment
PPP projects from the economic, social, resource and en-
vironment, engineering, and project management aspects
through structural equation modeling (SEM). This approach
will further lead researchers to identify factors that affect the
sustainability of other industry sector PPP projects.

3. Establishment of Sustainability Evaluation
Indicator System of Water Environment
Treatment PPP Projects

In practice, sustainability is represented in assessment
processes through the use of certain sustainability indicators,
where indicators should provide a simplified but still suf-
ficient interpretation of sustainability. The development of
sustainability indicators has emerged as a field of study in its
own right, albeit one has been described as rather confusing
and nonconsensual [35].

Most researchers have proposed various methods and
evaluation index systems to assess the sustainability of in-
frastructure projects from the perspective of the sustainable
triple bottom line. In this paper, we will construct a sus-
tainability evaluation indicator system of the water envi-
ronmental treatment PPP project from the five aspects of
economic, social, resource and environment, engineering,
and project management (Figure 2).

3.1. Economic Sustainability. Economic sustainability not
only means that PPP projects should bring long-term, stable,
and reasonable investment returns to the project itself [36]
but also the impact on the local economy and development.
Long-term in this description means that the private sector
should effectively integrate the construction stage with the
operation and maintenance stage to reduce the life-cycle cost
and avoid the situation wherein contractors only consider
short-term construction profits and ignore long-term op-
eration and maintenance efficiency. Stability requires local
governments to possess the capability and credit to continue
paying. A common problem is that the projects imple-
mented by the current local government leader are not
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FIGURe 2: The sustainability evaluation indicator system of water
environmental treatment PPP projects.

recognized by the next leader, thereby causing the gov-
ernment to break the contract. Reasonable means that, on
the one hand, the profit rate of the project should be able to
attract the private sector, and on the other hand, the project
should not generate excessive profits. Balancing the re-
lationship between the social and economic aspects of PPP
projects is necessary. Besides the economic sustainability of
the project itself, a water environmental treatment PPP
project would also increase the land value around the project
and promote local economic development.

3.2. Social Sustainability. Among the three main pillars of
the sustainability concept (including environmental, social,
and economic pillars) [37], the social criterion has specifi-
cally received less consideration than the economic and
environmental criteria [38], because this concept is typically
difficult to define and quantify. No specific definition of
social sustainability exists. Thus, each study defines the
concept according to its own specific viewpoints. In this
paper, social sustainability refers to providing the public
with satisfactory goods and services through measures that
enhance the social development potential of the project area,
provide employment opportunities for local people, and
improve the quality of life.

3.3. Resource and Environment Sustainability. Resource and
environmental sustainability mean giving a better world to
the future generation and protecting ecological balance and
natural systems from destruction [39]. People require ex-
tensive infrastructure to sustain their lives. During in-
frastructure construction, operation, and maintenance,
environmental problems will arise, and they can be attrib-
uted to the consumption of nonrenewable resources and the
decrease in biological diversity [40]. Therefore, adopting
green building technology and using renewable energy
during infrastructure construction are necessary to achieve
energy conservation, emission reduction, and environ-
mental protection. In addition, for water environment
treatment projects, the sustainability of resources and the
environment can be improved by reducing pollutant

discharge, improving sewage treatment rate, and compre-
hensive utilization of water resources.

3.4. Engineering Sustainability. The definition of PPP project
sustainability implies that PPP infrastructure projects should
not only promote the sustainable development of society,
economy, resources, and environment but also require the
sustainable development of the project itself, specifically, its
durability (i.e., engineering quality), operation, and main-
tenance capability and the sustainability of the technology
itself.

Various governments around the world have spent
considerably more money on new infrastructure and less on
infrastructure maintenance. For example, reports of gas pipe
leak or explosion, bridge collapse, or supply water pollution
are common in China. Such accidents are caused by the
insufficient maintenance of infrastructure. Poorly main-
tained infrastructure projects have led to various social and
environmental problems. Therefore, to achieve healthy
project development, the operation and maintenance ca-
pacity of projects should be improved, and attention on the
sustainability of the engineering should be strengthened.

3.5. Project Management Sustainability. Project manage-
ment sustainability refers to ensuring profitable, fair,
transparent, safe, ethical, and environmentally friendly
project delivery, which aims at a project deliverable that is
socially and environmentally acceptable throughout its life
cycle [41].

Carvalho [42] indicated the importance of soft skills,
such as those related to communication and stakeholder
management, in project management. Scott-Young and
Samson [43] also pointed out that personnel management
factors contribute more to the success of a project than
technical factors. For water environment treatment PPP
projects, professional technicians and managers are needed.
Moreover, such projects involve a long operation, a wide
range, and numerous stakeholders. Thus, the organization
structure should change with different concessionary stages.
Furthermore, a stable project organization structure and
effective communication are needed in the operation period
to ensure the continuous and healthy operation of the
project.

In summary, this paper uses literature review and expert
interviews to identify the sustainability evaluation indicators
of water environment treatment PPP projects from five
aspects: economic, social, resource and environment, en-
gineering, and project management. Table 1 shows the
specific indicators.

4. Research Method

4.1. Questionnaire Survey. This research was conducted
using a combination of structured interviews with industry
professionals, a review of sustainability literature, and
questionnaire-based survey for indicator validation. The
survey was conducted over a two-month period from 1
August 2018 to 1 October 2018. A total of 200 questionnaires
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TaBLE 1: Sustainable development indicators.
Dimension Codes Indicator Sources
Ecol Internal return ratio (IRR) (10, 44]
Eco2 Land value-added benefit around the project [10, 39, 45] expert interviews
. . Eco3 Life-cycle cost [10, 18, 39, 46-48]
Economic sustainability (Eco) Eco4 Sustainable cash flow [10, 45]
Eco5 Effects on local economy and development [10, 45, 49]
Eco6 Fiscal pressures of government [50, 51] expert interviews
Socl Public satisfaction [13, 4§_48’ .52] expert
interviews
Soc2 Provision of employment opportunities [10, 39, 45, 53]
. o Soc3 Potential impact on social development [10, 45, 54]
Social sustainability (Soc) Soc4 Trust between public and government [55, 56]
Soc5  Provision of ancillary infrastructure to local area [10, 45, 47, 48]
Soc6 Improvement. of the cognition level of the public [45, 57, 58]
regarding sustainable development
Resl Effect on water quality (10, 45]
Res2 Reduction of pollutant discharge [59, 60] expert interviews
Energy efficiency (e.g., reduction of energy
Res3 consumption and use of renewable energy [10, 18, 45, 61]
Resource and environment sustainability resources)
(Res) Res4 Biodiversity protection [10, 39, 46]
Res5 Protection for landscape and historical sites [10, 39, 46, 61]
Res6 Sewage treatment rate [62, 63] expert interviews
Res7  Comprehensive utilization of water resources [46, 64]
Res8 Use of innovative materials [10, 18, 39, 46, 61, 65]
Engl Completeness of supporting facilities for the [66] expert interviews
project
Eng2 Renewal of project facilities [9, 13]
Eng3 Construction quality [61]
Eng4 Control of pollution sources [59, 60]
Engineering sustainability (Eng) Eng5  Adoption of advanced engineering technology [9, 44]
Eng6 Project quality during operation [52]
Eng7 Sustainability of the technology itself [52, 67] expert interviews
Eng8 Capabilities of operation and maintenance [9, 64]
Eng9 Utilization of construction waste [9, 39, 46-48, 61]
Engl0 Waste recycling and reuse [39, 46, 57]
Prol Organization structure [25, 47]
Pro2 Continual improvement of the operation 52, 67]
management system
. e Pro3 Competence and skills of the project team [47, 68]
Project management sustainability (Pro) Pro4 Contractual arrangements [13, 25, 44, 61]
Pro5 Establishment of the PPP contract renegotiation [25] expert interviews
mechanism
Pro6 (Good) relationship with stakeholders [47]

were distributed to experts and scholars in the fields of water
environment treatment, PPP, project management, and
sustainable development, as well as to employees partici-
pating in water environment treatment PPP projects. The
questionnaire comprised three parts. The first section in-
cludes the questionnaire description, which introduces the
purpose and content of the survey. The second section in-
volves the basic personal information of the respondents,
including the type of organization, the number of projects
involved, and work experience. The third section focuses on
assessing the importance of the proposed indicators affecting
project sustainability, including the aspects of economy,
society, resources and environment, engineering, and
project management. This section asked respondents to rank
each indicator from 1 to 5 to determine their importance in

assessing project sustainability. This ranking translates as
follows on the Likert scale: 1= negligible, 2 = unimportant,
3 =average, 4 =important, and 5=most important.

To validate the questionnaire prior to the survey, a pilot
study was also conducted; it involved 30 respondents with
more than three PPP projects on water environment
treatment. Although minor changes were made in the
sentence structure of the final questionnaire, the overall
findings of the pilot study indicated the reliability and
validity of the questionnaire used for data collection.

4.2. Data Collection. A total of 124 valid questionnaires were
collected, with a response rate of approximately 62%. Most
respondents (39.5%) came from research institutions, 17.7%
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from investment companies, and 11.3% from government
agency. Furthermore, according to the number of PPP
projects involved in water environmental treatment, most
respondents (65.3%) have participated in 1-2 specific pro-
jects, followed by those with 3-5 projects (19.4%) and more
than 6 projects (10.5%). Overall, 95.2% of respondents have
participated in related projects. In terms of work experience,
most respondents (63.7%) reported 3-5years of work ex-
perience, 16.9% claimed 6-10years, 4.0% declared 11-
15 years, and only 15.3% professed less than 2 years of work
experience. To sum up, the respondents possessed certain
work experience, ensuring the effectiveness of the survey
results. Table 2 summarizes the demographic information of
the respondents.

4.3. Analytical Strategies. The emergence and development
of SEM have been regarded an important statistical de-
velopment in social sciences in recent decades, and this
multivariate analysis method has been widely applied in
theoretical explorations and empirical validations in var-
ious disciplines [69, 70]. Compared with other statistical
tools, such as factor analysis and multivariate regression,
SEM performs the factor analysis and path analysis si-
multaneously [71]. Structural equation models include
measurement models and structural models. Factor anal-
ysis is the analysis method corresponding to the mea-
surement model, and that corresponding to the structural
model is path analysis. Regarding the discussion of the
sample size during SEM analysis, although the sample size
of most studies is more than 200, Lomax [72] and Loehlin
[73] believe that in SEM analysis, if the sample size is not
more than 200, there should be at least 100. The number of
samples is 124 in this paper, greater than 100, which can be
analyzed by SEM.

In this paper, factor analysis was used to analyze the
collected data. In the process, two-stage procedures rec-
ommended by Anderson and Gerbing [74] were followed. In
the first stage, exploratory factor analysis was used to define
the correlation between variables in samples and a provided
set of factors. EFA helps to develop factors for a measure-
ment model through identification of data patterns, de-
termination of the relationship among patterns, and data
reduction. Then, the fitting degree of the model and original
data was measured by confirmatory factor analysis.

5. Data Analysis and Results

5.1. Common-Method Variance Bias Test. In order to de-
termine the possible presence of common-method variance
bias among variables, this study employs Harman [75] one-
factor test. We observed the guidelines and approach of
Podsakoft et al. [76] for conducting Harman one-factor test.
For this purpose, all items of the measurement scale were
entered into a principal component analysis with varimax
rotation, so that any signs of single factor could be identified
from factor analysis. The results extracted five different
factors from 36 items of measurement constructs and ro-
tation converged in 7 iterations. On the base of these results,

TaBLE 2: The demographic information of the respondents.

Demographic
categories Category Frequency Percentage
Research institution 49 39.5
Design company 7 5.6
COHStI.'uCt.IOIl 10 8.1
Type of organization
organization Investment company 22 17.7
Government agency 14 11.3
Consultancy 12 9.7
Others 10 8.1
0 6 4.8
Number of 1-2 81 653
projects 3-5 24 19.4
involved 6 13 105
<2 19 15.3
Work 3-5 79 63.7
experience 6-10 21 16.9
11-15 5 4.0

it is determined that this study do not have any problem of
common-method variance bias.

5.2. Nonresponse Bias Test. Beuckelaer and Wagner [77]
believe that researchers risk losing statistical power in their
findings when using small sample survey research, so it is
necessary to “test for the possibility of nonresponse bias, and
reflect on reasons as to why the sample is so small.” This
study employs extrapolation method, for testing non-
response bias. Extrapolation method is most commonly used
technique which involves comparison of early and late re-
spondents for possible difference in demographics and mean
values of other key constructs [78]. For this purpose, an
independent sample ¢-test was performed for comparing the
responses of first 50 and last 50 questionnaires. Findings of
the independent sample ¢-test revealed that there was no
significant 0.05 level difference in the mean values of both
groups (i.e., first 50 respondents vs. last 50 respondents).
Thus, on the base of the findings of the independent sample
t-test, it was concluded that there was no substantial dif-
ference in the responses of both groups; hence, nonresponse
bias is not a problem for this study.

5.3. Exploratory Factor Analysis (EFA). Before factor anal-
ysis, Kaiser-Meyer-Olkin (KMO) sample measure and the
Bartlett sphere test were first performed to verify whether the
indicators were suitable for factor analysis. The test results
are shown in Table 3. The results of the KMO measure of
sample adequacy and Bartlett’s test of sphericity of the entire
variables considered in the investigation revealed a KMO
value of 0.865, which is >0.7 and is satisfactory. The value of
Bartlett’s test of sphericity is 0.000, which is <0.05 and is
significant at the 95.0% confidence level, indicating that the
results were satisfactory for further analysis.

IBM SPSS Statistics 22.0 [79] was used to perform EFA
on the sample data. To reduce the multicollinearity between
the indicators and delete factors with minimal influence,
EFA was utilized to reduce the dimensions. In this paper,
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TaBLE 3: Test values of KMO and Bartlett. TaBLE 4: Measures of the rotated component matrix.
Bartlett’s test of sphericity Component
KMO ) o Item
X df Significant level 1 2 3 4 5
0.865 1631.411 351 0.000 Ecol 0.006 —-0.066 0.668 0.243 0.200
Eco2 -0.005 0.299 0.570 -0.097 0.127
o , . Eco3 0.170 0.236 0.693  —0019  0.088
principal component extraction and orthogonal rotation Ecod 0.180 ~0.012 0.758 0.042 -0.005
with Kaiser standardization were adopted to extract ei- Eco5 0.071 0.039 0.385 0.266 _0138
genvalues greater than 1. Table 4 shows the rotated com- Eco6 0.093 0.072 0.575 0.370 -0.245
ponent matrix which converged in seven iterations. Bold Socl 0.201 0.504 0.026 0.235 0.569
values denote loading for items, which are above the rec- Soc2 0.034 0.266 0.050 0.218 0.670
ommended value of 0.5. The overall Cronbach’s alpha («) of Soc3 0.274 -0.014 0.355 0.003 0.589
the questionnaire is 0.942; Cronbach’s alpha values for each Soc4 0.228 0.046 0.090 0.209 0.473
dimension are shown in Table 5. Cronbach’s alpha for each Soc5 0.162 0.038 0.218 0.048 0.481
. Soc6 0.157 0.049 0.375 0.178 0.371
factor exceeds the recommended 0.70 level, thereby in-
dicating sufficient reliability [80]. The factors identified for Resl 0.245 0.719 ~0.008 0.187 0.240
d'g ) Y das foll Res2 0.273 0.761 0218  -0.026  0.135
each dimension are described as follows. _ Res3 0.388 0.577 0.088 0.283 0.103
Factors affecting economic sustainability include in- Res4 0.459 0.373 0.346 0.092 ~0.002
ternal return ratio (IRR) (Ecol), land value-added benefit Res5 0.132 0.554 0.125 0.239 0.073
around the project (Eco2), life-cycle cost (Eco3), sustainable Res6 0.357 0.571 -0.039 0.123 0.209
cash flow (Eco4), and fiscal pressures of government (Eco6). Res7 0.312 0.568 0.245 0.250 -0.369
Factors affecting social sustainability include public Res8 0.168 0.755 0.092 0.184 -0.023
satisfaction (Scol), provision of employment opportunities ~ Engl 0.667 0.293 0.147 0.107 0.200
(Sco2), and the potential impact on social development Eng2 0.655 0.245 0.134 0.219 0.159
(Soc3) Eng3 0.649 0.184 0.170 0.272 -0.111
' . . . .. . Eng4 0.551 0.085 0.259 0.391 0.088
Factors affecting social sustainability comprise effect on
. . . Eng5 0.542 0.082 0.062 0.330 0.264
water quality (Resl), reduction of pollutant discharge Eng6 0.403 0.096 0.367 0.067 0.309
(Res2)3 energy efficiency (e.g., reduction of energy con- Eng7 0.720 0.183 0.067 0.283 ~0.141
sumption and use of renewable energy resources) (Res3), Eng8 0.724 0.221 0.119 ~0.069 0.178
protection for landscape and historical sites (Res5), sewage Eng9 0.781 0.162 -0.033 -0.090 0.062
treatment rate (Res6), comprehensive utilization of water Engl0 0.694 0.235 0.047 0.108 0.010
resources (Res7), and use of innovative materials (Res8). Prol 0.230 0.197 0.168 0.762 0.206
Factors affecting resource and environment sustain- Pro2 0.158 0.368 0.089 0.633 —0.053
ability include the completeness of supporting facilities for Pro3 0.175 0.267 -0.004 0.736 0.225
the project (Engl), renewal of project facilities (Eng2), Prod 0.129 0.178 0.059 0.401 0.212
construction quality (Eng3), control of pollution sources Pro> 0.251 0.019 0.017 0.354 0.278
qHatly 1BhgS), P Pro6  -0027 0311  —-1122 0467  0.103

(Eng4), adoption of advanced engineering technology
(Eng5), sustainability of the technology itself (Eng7), ca-
pabilities of operation and maintenance (Eng8), utilization
of construction waste (Eng9), and waste recycling and reuse
(Eng10).

Factors affecting resource and environment sustain-
ability include organization structure (Prol), continual
improvement of the operation management system (Pro2),
and competence and skills of the project team (Pro3).

5.4. Confirmatory Factor Analysis (CFA). CFA was per-
formed using IBM AMOS version 22.0 [79] to test the
validity of the measurement model. The measurement model
met Bollen’s criteria [81]; that is, each latent variable should
feature at least two indicators, and each observed variable is
determined by one latent variable. Calculation revealed that
the initial model cannot fully meet the criteria of goodness-
of-fit (GOF) model. Specifically, the goodness-of-fit index
(GFI) was equal to 0.765, which is less than the recom-
mended level of 0.9, the adjusted goodness-of-fit index
(AGFI) was equal to 0.718, which is less than the recom-
mended level of 0.8, and root mean square error of

approximation (RMSEA) was equal to 0.077, which is less
than the recommended level of 0.05. Thus, the model needs
to be modified.

After improving the initial model according to the
suggestions of GOF measures and modification indices
(MI)—adding covariance error paths among variables or
latent factors—the model showed a good fit, and all GOF
measures satisfied the recommended levels. For example, the
values for GFI were higher than 0.9, and those for AGFI were
greater than 0.8, thereby indicating the acceptable fit be-
tween the measurement model and raw data. The RMSEA
value of 0.046, which is less than 0.5, implies that the
modified model is acceptable at a certain confidence level.
Additionally, all the relative indexes of IFI, TLI, and CFI
were above 0.9, thus providing strong evidence for the ac-
ceptable fit between the measurement model and data
[82, 83]. In summary, the GOF measures of the modified
model demonstrated a successful fit between the measure-
ment model and raw data (Table 6). Figure 3 shows the
modified measurement model with standardized coefficients
and factor loadings. Table 7 presents the standardized
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TaBLE 5: Cronbach’s alpha.

Economic Social Resource and environment Engineering Project management
sustainability sustainability sustainability sustainability sustainability
Cronbach’s alpha 0.704 0.764 0.854 0.885 0.839

regression weights and covariance estimates for the modified
measurement model with the corresponding standard effort
of estimates and p values. All the standardized path co-
efficients for regression weights and covariance are highly
positive and are significant at the 0.001 level (Table 7),
implying that all the regression weights and covariance are
significant.

5.5. Weights for Indicators. The weight of an indicator re-
flects its importance in the whole indicator system. This
importance can be demonstrated by measuring the path
coefficient values in the model. A higher path coefficient
indicates the greater effect of the observed variable on the
potential variable, because its factor has the highest level of
characteristics [84]. Due to the different influences of each
variable, the indicator weight of project sustainability can be
obtained according to the value of the path coeflicient. For
example, qg.,1, the weight of indicator Ecol of the economic
dimension, can be calculated by the following equation:

WEcol
Weieor * Weeoz + Wieos + Wieos + Wieos

dEco1 = (1)
where Wy, refers to the path coeflicient value of Ecol in
the measurement model.

The weights of other indicators can be obtained similarly.

Figure 3 shows that sustainable cash flow features the
highest path coefficient of the economic variable, thereby
indicating that this variable presents the most significant
influence on economic sustainability. Therefore, the weight
of this variable would also be the highest. Consequently, the
path coefficient is applied to equation (1) to calculate the
weight and rank each indicator. Table 8 shows the final
sustainability evaluation indicator system of water envi-
ronmental treatment PPP projects and the corresponding
weight and ranking.

6. Discussion

Through the study of factors affecting the sustainability of
water environment treatment PPP projects, 27 factors were
identified. These factors were extracted in five categories,
namely, economic sustainability, social sustainability, re-
source and environment sustainability, engineering sus-
tainability, and project management sustainability.
Combined with the indicator weight and ranking calculated
in Section 5.3, the indicators of each dimension can be
discussed as follows.

The economic sustainability dimension includes five
indicators. The indicator “sustainable cash flow” is ranked as
the most important indicator. If the project lacks cash flow,
the financial resources needed in construction and operation
cannot be guaranteed, and such condition is not conducive

TaBLE 6: GOF measures of the modified measurement model.

Index name GOF Refined Recommended Evaluation
measures levels

xldf 1383 1-3 Acceptable

RMSEA  0.046 <0.05 Acceptable

ﬁll(’ii‘;lute it "RMR 0039 <0.05 Acceptable

GFI 0.915 >0.90 Acceptable

AGFI  0.867 >0.80 Acceptable

NFI 0.766 >0.70 Acceptable

Incremental fit IFI 0.922 >0.90 Acceptable

index TLI 0.906 >0.90 Acceptable

CFI 0.919 >0.90 Acceptable

Parsimonious PNFI 0.655 >0.5 Acceptable

fit measure PGNI 0.647 >0.5 Acceptable

PCFI 0.786 >0.5 Acceptable

to the continuous operation of the project. Other indicators
include “life-cycle cost,” “internal return ratio (IRR),” “land
value-added benefit around the project,” and “fiscal pres-
sures of government.” To achieve economic sustainability in
water environment treatment public-private partnership
projects, we should shift their emphasis from first costs to
life-cycle costs, where price of materials should account for
costs such as emission, pollution, and waste [85]. IRR is one
of the important indicators for evaluating the benefits of
investment projects. A higher IRR indicates stronger project
profitability. The private sector aims to achieve maximum
IRR, but the public sector cannot accept higher IRR. Thus,
the IRR should be at a reasonable level. Furthermore,
treatment of water pollution areas can increase the value of
lands around the project and promote regional economic
development [1]. In China, the Ministry of Finance stipu-
lates that the total expenditure of PPP projects per year
cannot exceed 10% of the general public’s budget. For the
government, balancing the relationship between short-term
and long-term development and formulating a long-term
plan for fiscal expenditure is necessary. In addition, before
the private sectors decide to invest in PPP projects, they need
to consider the government’s financial payment capacity. If
the payment risk of the government is relatively high, the
project may not achieve economic sustainability.

The social sustainability dimension includes three in-
dicators. The indicator “public satisfaction” is ranked the
most important in this group. The public represents an
important stakeholder who is the most direct beneficiary and
perceiver of water environment treatment PPP projects and
whose satisfaction should be considered a crucial part of a
performance evaluation system to achieve social sustain-
ability development [86]. Other indicators in the social
dimension include “provision of employment opportuni-
ties” and “potential impact on social development.” These
indicators exhibit a significant influence on promoting social
sustainability because in project implementation, they can
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F1GURE 3: The modified measurement model with standardized path coefficients and factor loadings.

provide employment opportunities for vulnerable groups in
society (such as those with low education, laid-off workers,
and farmers) to fulfill food and clothing needs. Such a
project can also improve people’s living environment and
promote the development of local tourism.

The resource and environment sustainability dimension
includes seven indicators. The indicators of “effect on water
quality” and “energy efliciency” rank first and second, re-
spectively. For water environment treatment PPP projects,
the most direct performance of the treatment is water
quality, which is also the key to the sustainability of the
whole project. People require extensive infrastructure for
sustaining their lives. These facilities cause environmental
problems during their construction, operation, and main-
tenance. They also consume substantial energy and natural
resource. Therefore, the indicator of energy efficiency is

crucial for project sustainability, because measures, such as
reducing energy consumption and using renewable energy,
can reduce greenhouse gas emissions, improve air quality,
and build environment-friendly projects. Other indicators in
the resource and environmental dimension include “re-
duction of pollutant discharge,” “use of innovative mate-
rials,” “sewage treatment rate,” “comprehensive utilization
of water resources,” and “protection for landscape and
historical sites.”

The engineering sustainability dimension includes nine
indicators, namely, “Completeness of supporting facilities
for the project,” “Renewal of project facilities,” “Construc-
tion quality,” “Control of pollution sources,” “Adoption of
advanced engineering technology,” “Sustainability of the
technology itself,” “Capabilities of operation and mainte-
nance,” “Utilization of construction waste,” and “Waste
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TaBLE 7: The standardized regression weights and covariance es- TaBLE 8: Weight of the indicators.
timates of the modified measurement model. -
Dimension Indicators Indicators Rank
Estimate S.E. C.R. P weights
Ecol <--- Eco 0.585 Internal return ratio (IRR) 0.203 3
Eco2 <--- Eco 0.526 0.208 4.396 e Land value-added benefit 0182 5
Eco3 <--- Eco 0.602 0.229 4.690 o Economic around the project ’
Eco4 <--- Eco 0.646 0.206 4.993 oo Life-cycle cost 0.209 2
Eco6 <--- Eco 0.527 0.224 4.498 o Sustainable cash flow 0.224 1
Socl <--- Soc 0.805 Fiscal pressures of government 0.183 4
Soc2 < Soc 0.587 0.112 5.719 o Public satisfaction 0.461 1
Soc3 <--- Soc 0.356 0.111 3.727 e Provision of employment
Resl < Res 0.782 Social opportunities 0-336 2
Res2 <~ Res 0.741 0105 8565  *** Potential impact on
Res3 <--- Res 0.768 0.123 8.899 e social development 0-204 X
Ezzz ::: Ezz 8213 8}3; g;gi e Effect 0211 water q;lality 0.162 1
. . . Reducti
Res7 ~ <-—- Res 0608 0090 6894  °°° ot d 0154 3
Res§ < Res 0715 0099 8203 *** S
Enel o En 0.764 nergy efficiency (e.g.,
& & ’ s reduction of energy
Eng2 <= Eng 0.782 0103 8.843 Resource consumption and use of 0159 2
Eng3  <--  Eng 0.700 0108 7976  *** P
s and renewable energy resources)
Eng4 < Eng 0.634 0.107 6.976 environment Protection for landscape and
Eng5 <--- Eng 0.604 0.124 6.691 e historical sites 0.119 7
Engg b Eng 8225 gﬂg ;ggi v Sewage treatment rate 0.133 5
ng < ng ’ ’ : Comprehensive utilization of
Eng9 <--- Eng 0.591 0.115 6.441 e water resources 0.126 6
E?ogllo z"_ ];:)rrlf 82;3 0115 7:198 Use of innovation materials 0.148 4
Pro2 <--  Pro 0.671 0115  7.275  *** Completeness of supporting )
Pro3 - Pro 0.738 0.124 8.015 . facilities for the project
- - - - — Renewal of project facilities 0.129 1
***The standardized regression weights and the covariance are significantly C . .
. . onstruction quality 0.115 3
different from 0 at the 0.001 level (two-tailed). .
Control of pollution sources 0.104 7
. » « . A i f
recycling and reuse.” Among them, “renewal of project en;l?f;(r)ﬁlg t:f}:’r?(l)llco:r 0.099 8
facilities” is ranked as the most important indicator. Project Engineering o
o S - . Sustainability of the
facilities are easy to maintain and replace which will reduce technology itself 0.114 4
operating costs and improve management -efficiency. Capabilities of operation 0.109 s
Therefore, the appropriate project facility renewal capability and maintenance ’
can extend service time and effectively improve operational Utilization of 0.097 9
efficiency to enhance the sustainability of a project [13]. For construction waste '
water environment treatment PPP projects, supporting fa- Waste recycling and reuse 0.107 6
cilities play an important role in maintaining daily con- Organization structure 0.368
struction and smooth operation. Project quality is the Project Continual improvement of the 3
premise and guarantee of engineering sustainability. Cor- management operation management system
rosion of reinforcing steel in reinforced concrete structures Competence and skills of the 0.331 2

has caused deterioration and damage that require repairs
and maintenance to extend their service life [87, 88]. In
China, accidents such as bridge collapse or supply water
pollution caused by the insufficient maintenance of in-
frastructure are common and have led to various social and
environmental problems [10]. Therefore, the operational
and maintenance capacity also play an important role in
ensuring engineering sustainability. A sustainable water
environment treatment PPP project not only requires that
the treatment technology itself be sustainable but must also
preclude damage to the natural environment. For example,
in the early stage of water restoration, micro-nano aeration
technology can increase dissolved oxygen in the water and
provide a suitable living environment for submerged plants,
emergent plants, and beneficial microorganisms. Further-
more, the complex microbial community can restore the

project team

self-purification (assimilative) capacity of water bodies
through its own functional activities of digestion, decom-
posing, and metabolism. During construction, the project
itself would also generate various construction wastes. For
example, waste concrete can be crushed and sieved to
fabricate recycled aggregates, which can then be produced
into recycled concrete or recycled permeable concrete and
finally be used in the project to realize construction waste
recycling.

The project management sustainability dimension in-
cludes three indicators. The indicator “organization struc-
ture” is ranked as the most important in this group. The
organization structure of a project can affect resource
availability and project execution, which bears significance
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to sustainable project management. Water environment
treatment PPP projects involve a long operation, a wide
range, and numerous stakeholders. Thus, the organization
structure should change with different concessionary stages.
Furthermore, a stable project organization structure and
effective communication are needed to ensure a continuous
and healthy project operation. Human resource manage-
ment factors contribute more to project sustainability than
technical factors [43]. Project sustainability is limited in the
early stage of management, because the concept of sus-
tainable development has not been widely accepted.
Therefore, all positive measures should be considered to
improve the quality of project management personnel
through various forms of learning and training. Further-
more, application of the PDCA cycle theory in the con-
struction of a project management system can improve the
scientific management level and work efficiency, reduce the
project management cost, and promote the sustainable and
healthy development of a project.

7. Conclusions and Implications

7.1. Conclusions. With the rapid development of economy
and society, the problem of water environment pollution
in China increases in severity. National attention to water
pollution has resulted in a growing number of water
environment treatment PPP projects, which should be
evaluated in relation to sustainability for the healthy
development of the projects. The idea of integrating
sustainability into infrastructure projects has received
widespread attention. Identifying factors that affect water
environmental treatment PPP projects sustainability is an
important issue that can lead to more sustainable in-
frastructures. Past research on sustainability evaluation of
water environmental treatment PPP projects is relatively
limited and based on the triple bottom line of economy,
society, and environment, thereby lacking a more com-
prehensive evaluation index system. This paper connects
these gaps by exploring the factors affecting project
sustainability from five aspects: economy, society, re-
sources and environment, engineering, and project
management.

To ascertain the factors that influence the sustainability
of water environment treatment PPP projects, a sustain-
ability evaluation indicator system was initially constructed.
A questionnaire survey was used to collect the opinions
regarding the importance of sustainability indicators of
projects. EFA was performed using SPSS to extract potential
factors in the five dimensions mentioned, achieving a total of
27 influencing factors. Then, fitting degree analysis of the
sample data and the model constructed by AMOS 22.0 was
performed. The results showed that the modified model and
original data were successfully fitted. Finally, index weight
was calculated by path coefficient in the measuring model to
ascertain the most important index in the different di-
mensions of project sustainability. The most important
indicators in the five dimensions include economy (sus-
tainable cash flow), society (public satisfaction), resources
and environment (effect on water quality), engineering
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(renewal of project facilities), and project management
(structure of management organization).

Traditional evaluation indexes come directly from lit-
eratures, and the quantity of literatures will affect the
construction of the evaluation index system; so, it has certain
randomness and uncertainty. On the basis of literature
collection, the index system constructed in this paper
considered the experience and knowledge of experts,
screened the index through SPSS exploratory factor analysis,
and carried out fitting degree analysis on the model con-
structed by AMOS to ensure the reliability of the index
system.

7.2. Practical Implications. This study applied SEM method
to provide a new perspective on the identification factors,
affecting the sustainability for water environment treatment
public-private partnership projects. The indicators have the
most significant impact on project sustainability in the five
dimensions, which provide a useful reference for the public
and private sector to take appropriate measures to improve
the sustainability level of water environment treatment
public-private partnership projects. The research results
provide a good reference for the public sector to conduct a
new sustainability project decision-making, issue a sus-
tainability regulation rule, and review a sustainability design
plan. The private sector can easily find a solution to develop a
sustainability water environment treatment project from all
the perspective of economy, society, resources and envi-
ronment, engineering, and project management. In sum-
mary, this research can be seen as a step up to have a holistic
viewpoint in assessments of the sustainability of PPP pro-
jects focused on water environment treatment. The adopted
approach and the results can be a stimulus for further studies
to consider the effects of economic, social, resource and
environment, engineering and project management di-
mensions on each other. The research method adopted in
this paper has been applied in the procurement, decision-
making, and operation management of water environment
treatment PPP project in Xuchang City, China.

7.3. Limitations and Future Work. This paper provides two
contributions: first, it identifies the sustainability indicators
from five aspects in water environment treatment PPP
projects. Second, this paper describes a methodology for
evaluating and ranking factors and assesses the indicators
featuring the most significant impact on project sustain-
ability. This paper also has some limitations. Firstly, since
sustainable development is a dynamic process which passes
in time and depends on numerous parameters, there is no
coincident conception of sustainability, and the indicators
were not unambiguously qualified. There are differences
between different types of PPP projects in different regions,
so it is inappropriate to establish a universal indicator
system. The index system established in this paper can
provide a new comprehensive perspective for the sustain-
ability evaluation of water environment treatment PPP
projects, while it cannot be directly applied to other types of
PPP projects. Therefore, in future studies, it is necessary to
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explore the sustainability evaluation index system and
methods, and balance the completeness, adaptability, and
the simplicity of operation of sustainable coverage, so that
the system can be applied to other PPP projects. In addition,
in the questionnaire survey process, the evaluation results of
the importance of indicators largely depend on the expe-
rience of experts, which is highly subjective. Finally, the
number of samples used in the survey is small, and in-
creasing the sample size can result in achievements of more
credible findings.
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