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Abstract: Improving sustainability performance in developing infrastructure projects is an important
strategy for pursuing the mission of sustainable development. In recent years, the business model of
public-private-partnership (PPP) is promoted as an effective approach in developing infrastructure
projects. It is considered that the distribution of the contribution on project investment between
private and public sectors is one of the key variables affecting sustainability performance of PPP-type
projects. This paper examines the impacts of the contribution distribution between public and private
sectors on project sustainability performance. A model named the sustainability performance-based
evaluation model (SPbEM) is developed for assisting the assessment of the level of sustainability
performance of PPP projects. The study examines the possibility of achieving better sustainability
through proper arrangement of the investment distribution between the two primary sectors in
developing PPP-type infrastructure projects.

Keywords: public-private-partnership; infrastructure project; sustainability performance;
contribution; public and private sectors

1. Introduction

The role of infrastructure projects is significant in socio-economic development due to their
contributions to national competitiveness and social welfare in both developing and developed
countries [1–4]. Traditionally, infrastructure projects are developed by governments using public
budgets. However, the limitations of public capital and the shortage of management expertise in
government departments have led to the development of an alternative procurement mechanism
for developing and running infrastructure projects. This procurement mechanism is named
public-private-partnership (PPP) approach. PPP mechanism serves for promoting the engagement
of private sectors in the process of developing infrastructure projects, including project design,
financing, construction, maintenance, and project operation. In recent years, the popularity of PPP-type
infrastructure (PTI) projects has been rising particular in developing countries. Ke noted that the
demand for PPP infrastructures is increasing in China whilst there are increasing number of PPP
projects in the country [2]. According to the PPP Demonstration Project List of Second Batch announced
by Ministry of Finance of China, there are 206 projects with national financial support in 2015, which is
seven times that of 2014 [5]. In fact, most developing countries have been actively applying PPP policy
as a contractual arrangement and condition on loans from International Organizations [3,6]. On one
hand, PPP mechanism mitigates the burden of public fiscal shortage and ensures the timely provision
of infrastructures in need [2,7]. On the other hand, the development of PPP-type projects presents
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private sectors with good business opportunities where they can apply innovative technological and
the advanced management skills they have [8,9]. Considering the very important role and significance
of PPP type infrastructures in the built environment sector, it can be seen that improving sustainability
performance for PPP projects can contribute significantly to the mission of sustainable construction.

Research on examining the applications of PPP approach has been conducted extensively from
many perspectives including technology innovation [10], risk management [11], critical success
factors [12], cooperate governance [13], concessionaire determinants [14,15], and sustainability
performance [16,17]. An increasing number of researchers have appealed for sustainability
performance appraisal on PPP-type projects as an instrument for striking the trade-off among
economic, social and environmental performance criteria in examining project feasibility [16,18,19].
This has led to the development of several models for project sustainability performance appraisal.
Ogwu et al. proposed a sustainability appraisal in Infrastructure projects (SUSAIP) model for evaluating
sustainability of infrastructure projects in Hong Kong, and shed light on various dimensions (e.g.,
knowledge, problem analysis, and application) of designing and constructing for better infrastructure
sustainability [16,17]. Dasgupta and Tam synthesized sustainability indicators of civil infrastructure
projects by using a multi-objectives decision approach to facilitate the choice of practical alternatives
for better sustainability performance [20]. Koo and Ariaratnam employed a sustainability assessment
model to determine the option for implementing a water main replacement project towards better
sustainability performance [21]. The study by Shen et al. suggested that a concession time period
in operating infrastructure projects must incorporate the benefits, authorities and responsibilities
among various project parties for the interests of better sustainability [14]. Shen and Wu investigated a
risk-based concession time period in developing build-operate-transfer-type infrastructure projects in
ensuring the sustainability interests that benefit to various project parties [15].

Whilst existing studies present various effective appraisal models for assessing the sustainability
performance of various types of infrastructure projects, it appears that there is little existing research on
examining the ways of improving the sustainability performance of PPP-type projects. The difficulty
of sustainability appraisal for PPP-type projects is well appreciated [14,15]. Previous studies have
addressed the selection of sustainability indicators for PPP-type projects [16]. Nonetheless, many of the
selected indicators are qualitative and how to quantify them has not been addressed. In particular, it is
noted that the proportion of investment or contribution between public and private sectors has not been
taken into account in the establishment of sustainability performance indicators. In fact, investment
distribution from the two primary parties has major influence to project performance across various
aspects including economic, social and environmental performance. These dimensional performances
are the determinants to the sustainability performance of the concerned PPP projects. Furthermore,
public and private sectors have different consideration for involving PPP projects. According to the
study by Ling et al. [21], the typical factor considered by public clients include suitability to PPP,
difficulties in evaluating PPP deals, political fallout, affordability and profitability, value creation
and changing needs. The main factors considered by private sectors include PPP champion, speed
of implementation, capability of private clients to use PPP procurement route, tendering cost and
risk allocation. Koppenjan and Enserink identified governance practices that help or hinder the
reconciliation of private sector participation in infrastructure projects with the objective to increase the
sustainability of the urban environment. They further appreciated that private sector participation in
urban infrastructure does not automatically contribute to sustainability as private sector is expected to
focus on short-term financial return on investment whilst the sustainability performance of project can
only be obtained from long-term perspective [22].

Although the two primary sectors have different perceptions on the performance of a concerned
PPP-type project, for example, private sector’s perception is usually based on short-term performance
of project, as appreciated by Koppenjan and Enserink [22], the main decision at inception stage for a
PPP-type project is the investment distribution between public and private sectors. The investment
distribution is the key variable that determines the interests of both public and private sectors from the
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development of a PPP-type project. It can be appreciated that the investment contributed from private
sector is motivated by the expectation to earn certain level of profits. However, the investment level by
private sector will affect the public interests which can only be realized from long-term perspective.
For example, the public interests of environmentally friendly implementation of an infrastructure may
not be considered as a major criterion if the public sector assumes a very small proportion of project
investment, where the private sector’s profit level is one of the dominant factors for the consideration
in project feasibility study. Robert et al. identified four major factors which affect the levels of the public
and private sectors, including benefits to local economic development, access to the public sector
market, tax exemptions and reduction, and incentives to new market penetration [3]. These factors are
considered differently when the investment proportions changes between public and private sectors.
The different attention given into the factors will in turn affect project sustainability performance.
Therefore, a proper investment distribution in implementing a PPP scheme is the key to gaining better
project sustainability performance which aims to balance social, economic and environmental interests.
The aim of this study is thus to use the investment distribution between public and private sectors as
the key variable in developing a sustainability performance-based evaluation model (SPbEM). The
appraisal results from using the model SPbEM can help decision-makers know what distribution level
of investment between public and private sectors will enable better sustainability performance of
PPP-type projects.

2. Research Method

This paper starts with conducting literature reviews for gaining proper understanding on the
principle of the mechanism for developing PPP-type projects. The level of investment distribution
between public and private sectors is based on the types of PPP projects and the perceptions possessed
by the two primary sectors. Based on this understanding, the research team develops a sustainability
performance-based evaluation model (SPbEM) to assist in decision making on the distribution level
that can lead to better sustainability performance of an infrastructure project. In further stage of the
study, the research demonstrates the application of the model SPbEM through a selected practical case.
The case study demonstrates the applicability of the model. In the final stage of the study, discussion
is conducted to address the implications of using the model SPbEM and the ways of improving project
sustainability performance by adjusting investment distributions between the public and private
sectors. The results from analyzing various scenarios are then presented.

3. Development of the Sustainability Performance Based Evaluation Model (SPbEM)

The involvement of private and public sectors in PPP-type projects is characterized with many
dimensions such as contractual arrangements, structure of management organization, investment
distribution, and others [14]. Nevertheless, the investment distribution between the two sectors is the
key variable to be considered in the process of contract negotiation. The level of the distribution
between the two sectors will affect contractual arrangements and the organization structure of
implementing the project under the principle of PPP. According to previous studies [1,4,23,24], there
are sixteen contractual arrangements in line with the principle of PPP methods, as shown in Table 1.
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Table 1. Contractual arrangements under the principle of PPP methods.

Synonym

Stage

Full Name Private Sponsor Public
Agencies

Impact on
Sustainability Indicators

D B Op L T F M Ow Op Ow En Ec S

DBT Design-build-transfer
‘ ‘ ‘ ‘
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BLT [1] Build-lease-transfer
‘ ‘ ‘ ‘

DOT [25] Design-operate-transfer
‘ ‘ ‘ ‘

BOT Build-operate-transfer
‘ ‘ ‘ ‘

BOR [1] Build-operate-renewal
‘ ‘ ‘ ‘

ROT [23] Refurbish-operate-transfer
‘ ‘ ‘ ‘

DBOM [4] Design-build-operate-maintain
‘ ‘ ‘ ‘ ‘ ‘

DBFO [4] Design-build-finance-operate
‘ ‘ ‘ ‘ ‘ ‘

DBO [4] Design-build-operate
‘ ‘ ‘ ‘ ‘

BTO [1] Build-transfer-operate
‘ ‘ ‘ ‘

BOOTT [23] Build-own-operate-train-transfer
‘ ‘ ‘ ‘ ‘ ‘

BOOT [24] Build-own-operate-transfer
‘ ‘ ‘ ‘ ‘

BLO [1] Build-lease-own
‘ ‘ ‘ ‘

BOOM [23] Build-own-operate-maintain
‘ ‘ ‘ ‘

ROO [25] Rehabilitate-own-operate
‘ ‘ ‘

BOO [1] Build-own-operate
‘ ‘ ‘

Note: B—Build; D—Design; Ec—Economic; En—Environmental; F—Finance; L—Lease; M—Maintain;
Op—Operate; Ow—Own; Pr—Private; Pu—Public; S—Social; T—Train.

These approaches can be organized to a list in the order of ascending extent to which private
sectors invest in developing infrastructure projects. Private businesses are by nature profit-orientated
and are keen to invest public facilities provided they can make profits particularly in short-term.
However, public sectors need to take into account public interests pertaining to non-economic aspects
such as social and environmental interests. It is reasonable to assume that the economic performance of
PPP-type projects will be one of the dominant factors considered in the decision making for considering
project development if the project is fully invested by private investors. In contrast, the economic
performance would not be a major consideration if a project is wholly invested within public budgets.
Therefore, there exists a proper proportion of project investment between private and public sectors
in order to gain better project sustainability performance which is a balanced integration among
economic, social and environmental performance. In line with this analogy, the proposed model
SPbEM should be enabled to assess the impact of the investment distribution between the two sectors
on economic, social and environmental performance of the concerned projects.

3.1. The Primary SPbEM Model

The model SPbEM synthesizes the triple–bottom-line (TBL) indicators of project sustainability
performance, namely, economical performance indicator Ec, social performance indicator S, and
environmental performance indicator En. The contribution of these TBL indicators to project
sustainability can be expressed in Equation (1).

I f SV “ W1Ec `W2S`W3En
3
ř

i“1
Wi “ 1, and 0 ď Wi ď 1

(1)

where IfSV refers to the sustainability index value for a concerned PPP-type project; Ec, S and En are
the performance values for economic, social and environmental performance indicators respectively;
and Wi (i = 1, 2, and 3) denotes the weighting values of the TBL indicators (economic, social and
environmental performance respectively).

3.2. Investment Distribution Coefficients (α, β)

As discussed above, the investment distribution between private and public sectors in developing
PPP-type projects has major impact on project sustainability performance. The investment distribution
between the two sectors can be described by two coefficients, namely, α, denoting for the proportion of
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public investment; and β, denoting the proportion of private investment. The two coefficients can be
described in the following model in Equation (2):

α “
Pu

Pu ` Pr

β “
Pr

Pu ` Pr

(2)

where Pu denotes the investment level (or volume) by public sector; and Pr refers to the investment
level (volume) by private sector.

The relationships between α and β are exhibited graphically in Figure 1. The two coefficients
interacted reversely whilst both the coefficients can assume any value between 0 and 1.
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There are infinite number of possible combinations of values between α and β. Among these
combinations, there are three special scenarios:

(1) α = 0 and β = 1, indicating that no financial investment is contributed by public sector;
(2) α = 0.5 and β = 0.5, indicating that the project investment is equally contributed between public

and private sectors; and
(3) α = 1 and β = 0, indicating that no financial investment is contributed by private sector.

These three special scenarios can be described in the following matrix model in Equation (3):

pα, βq “

¨

˚

˝

0, 1
0.5, 0.5
1, 0

˛

‹

‚

(3)

3.3. Weighting W1, W2, and W3

For a given PPP-type project, the values of the investment distribution coefficients α or β will be
changed under different contractual terms or arrangements between private and public sectors. On
the other hand, when different types of PPP-type projects are considered, the investment distribution
between the two sectors will also be changed, namely, the values of α and β will also be changed.
Therefore, α and β change with different types of contractual arrangements and different types of
PPP-type projects. For example, in applying Building-Lease-Transfer (BLT) type contractual system,
private sector will contribute 100% finance investment [1]. In adopting Design-Building-Transfer
(DBT) type project, public sector, namely, government will normally contribute to most part of the
investment [9].

The discussion in the previous section suggests that the investment distribution between the two
investment sectors determines the project sustainability performance. In other words, the change of the
investment distribution between the two sectors will also lead to the changes of project sustainability
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performance. In this context, when α and β change with different emphasis placed on economic,
social and environmental aspects, the weighting values for the TBL indicators will change as well.
Consequently, there are certain relationships among α, β and the weighting values Wi. For example, if
0 ď α ď 0.5 or 0.5 ď β ď 1, suggesting that the private party dominates the project finance investment,
economic indicator Ec will be given a higher weighting value than that to En or S indicators. Likewise,
if 0.5 ď α ď 1 or 0 ď β ď 0.5, suggesting the dominance of public party over project investment, En and
S indicators should deserve more weights in this case. In line with these arguments, the relationships
between Wi and α(β) can be described in Equation (4).

W1 “ f1pα{βq

W1 “ f2pα{βq

W1 “ f3pα{βq

(4)

(1) When 0 ď α ď 0.5 (or 0.5 ď β ď 1)

W1 ěW2

W1 ěW3

(2) When 0.5 ď α ď 1 (or 0 ď β ď 0.5)

W1 ďW2

W1 ďW3

3.4. Functional Relationships between α(β) and Wi

The above discussions suggests that α and β determine the weighting values of W1, W2 and W3. In
other words, certain functional relationships exist between α(β) and Wi. By considering the discussion
in the previous sections, the following five assumptions are adopted to demonstrate the relationships
between α(β) and Wi.

(1) When α = 0 (or β = 1), indicating no public investment involved, Ec indicator shall become
the most important factor to be considered in making contractual arrangements, En has less
importance while S has the least importance. In this circumstance, the reasonable assumptions
on the weighting values can be considered as: W1 = 0.65, W2 = 0.15, and W3 = 0.20 respectively.

(2) When α = 0.25 (or β = 0.75), indicating less investment from public sector and more from private
sector, thus economic aspect still assumes more important role that of environmental and social
aspect. In line with this, reasonable weighting values are allocated as: W1 = 0.45, W2 = 0.28,
and W3 = 0.27.

(3) When α = 0.5 (or β = 0.5), indicating an equal amount of investment from private and public
sectors. In this circumstance, all TBL indicators are considered equally important, thus the
assumption of W1 = 0.34, W2 = 0.33, and W3 = 0.33 is considered reasonable.

(4) When α = 0.75 (or β = 0.25), indicating that public sector contributes more than that by private
sector, the environmental and social dimensions are considered more important than economic
dimension. Nevertheless, as private sector in this case still makes significant part of investment,
economic performance has to be given reasonable attention. Thus, the assumptions on the
weighting values are W1 = 0.30, W2 = 0.35, and W3 = 0.35.

(5) When α = 1 (or β = 0), indicating no private finance investment involved in this. The private
sector may provide technical service and management skill in the process of construction and
operation of the concerned project. In this case, the indicators of S and En become significant for
consideration in the process of contract negotiation, and Ec has less importance. Accordingly,
the assumptions on the weighting values between three dimensional indicators are given as
W1 = 0.15, W2 = 0.45, and W3 = 0.40.

The above five assumptions are summarized in Table 2.
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Table 2. Assumptions on the data for Wi and α(β).

α β
Ec Indicator S Indicator En Indicator

W1 W2 W3

0 1 0.65 0.15 0.20
0.25 0.75 0.45 0.28 0.27
0.50 0.50 0.34 0.33 0.33
0.75 0.25 0.30 0.35 0.35

1 0 0.15 0.45 0.40

Furthermore, it is assumed that there is a linear relationship between Wi and α(β):

W “ aα` b

or
W “ aβ` b

These functions are determined by the values of constants a and b, which have been listed in
Table 3.

Table 3. Parameters for the relationship functions between Wi and α(β).

α
W1 W2 W3

a b a b a b

(0,0.25) ´0.80 0.65 0.52 0.15 0.28 0.20
(0.25,0.5) ´0.44 0.56 0.20 0.14 0.24 0.22
(0.5, 0.75) ´0.16 0.42 0.08 0.12 0.08 0.29
(0.75, 1) ´0.60 0.75 0.40 ´0.21 0.20 0.05

β
W1 W2 W3

a b a b a b

(0,0.25) 0.60 0.15 ´0.40 0.45 ´0.20 0.40
(0.25,0.5) 0.16 0.26 ´0.08 0.29 ´0.08 0.37
(0.5, 0.75) 0.44 0.12 ´0.20 0.27 ´0.24 0.43
(0.75, 1) 0.80 ´0.15 ´0.52 0.39 ´0.28 0.66

By applying the values in Table 3, the following functional relationships are obtained accordingly:

W1 “

$

’

’

’

&

’

’

’

%

´0.80α` 0.65, p0 ă α ă 0.25q
´0.44α` 0.56, p0.25 ă α ă 0.5q
´0.16α` 0.42, p0.5 ă α ă 0.75q
´0.60α` 0.75, p0.75 ă α ă 1q

or

W1 “

$

’

’

’

&

’

’

’

%

0.60β` 0.15, p0 ă β ă 0.25q
0.16β` 0.26, p0.25 ă β ă 0.5q
0.44β` 0.12, p0.5 ă β ă 0.75q
0.80β´ 0.15, p0.75 ă β ă 1q

W2 “

$

’

’

’

&

’

’

’

%

0.52α` 0.15, p0 ă α ă 0.25q
0.20α` 0.14, p0.25 ă α ă 0.5q
0.08α` 0.12, p0.5 ă α ă 0.75q
0.40α´ 0.21, p0.75 ă α ă 1q
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or

W2 “

$

’

’

’

&

’

’

’

%

´0.40β` 0.45, p0 ă β ă 0.25q
´0.08β` 0.29, p0.25 ă β ă 0.5q
´0.20β` 0.27, p0.5 ă β ă 0.75q
´0.52β` 0.39, p0.75 ă β ă 1q

W3 “

$

’

’

’

&

’

’

’

%

0.28α` 0.20, p0 ă α ă 0.25q
0.24α` 0.22, p0.25 ă α ă 0.5q
0.08α` 0.29, p0.5 ă α ă 0.75q
0.20α` 0.05, p0.75 ă α ă 1q

or

W3 “

$

’

’

’

&

’

’

’

%

´0.20β` 0.40, p0 ă β ă 0.25q
´0.08β` 0.37, p0.25 ă β ă 0.5q
´0.24β` 0.43, p0.5 ă β ă 0.75q
´0.28β` 0.66, p0.75 ă β ă 1q

Based on the above relationship functions, the relationships among α(β) and Wi can be presented
graphically in Figure 2.
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3.5. Measuring the TBL Indicators (Ec, S, and En)

The study by Ogwu et al. showed the effectiveness of quantifying the variables of project
sustainability by adopting several methods, including credit-based scoring system, scaled scoring,
comparison with benchmark or other available options, credit system, and subjective judgments [17].
Scoring method is employed in this study to measure the contribution of the TBL indicators (Ec, S, and
En) for reflecting sustainability performance of a particular PPP-type project. In scoring the three TBL
indicators, experts are invited to judge the contribution of a concerned project to each dimensional
sustainability indicator on a nine-level Likert scale (9—best, and 1—no contribution). For ensuring the
effectiveness of engaging expert participation, it is suggested that at least 10 experts should be invited
to participate in judging the sustainability performance of a given PPP project [25].

There are many sub-indicators under each of the TBL indicators for measuring sustainability
performance of PPP projects. The significance of individual indicators varies widely from project to
project [17,20,21,26]. The framework proposed by Gan et al. for appraising sustainability performance
of PPP projects in China is adopted for illustration [26]. The framework is composed of a set of sub-TBL
indicators as shown in Table 4.
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Table 4. Effective TBL indicators.

TBL Indicators
Marking Grade

1 2 3 4 5 6 7 8 9

Ec

Economic prosperity and development policy(Ec1) # # # # # # # # #
Complexity of project construction technique (Ec2) # # # # # # # # #
Channel and cost of project financing (Ec3) # # # # # # # # #
Project investment schedule (Ec4) # # # # # # # # #
Project life-cycle cost (Ec5) # # # # # # # # #
Internal return rate(Ec6) # # # # # # # # #

S

Contribution to local socio-economy in terms of
household income and life quality (S1) # # # # # # # # #

Provision of quality services to local economic
activities (S2) # # # # # # # # #

Promotion of public health and sanitation (S3) # # # # # # # # #
Consumption of land and impact on land utility (S4) # # # # # # # # #
Creation of employment (S5) # # # # # # # # #

En

Impact on geographic condition (En1) # # # # # # # # #
Air pollution (En2) # # # # # # # # #
Water pollution (En3) # # # # # # # # #
Noise pollution (En4) # # # # # # # # #
Environment protection measures (En5) # # # # # # # # #
Energy saving (En6) # # # # # # # # #

As the backgrounds and experience are different among the invited experts in study, the scores
allocated by the experts are considered in probability distributions. The triangular probability
distribution (TPD) is considered effective when small sample size is used in defining probability
distribution [15], which is adopted in this study. In using TPD, there are three parameters to be defined,
namely, the minimum (Mi), the maximum (Ma) and the mode (Mo). In line with this argument, the
TPDs for defining the score performance for dimensional sustainability indicators Ec, S and En are
shown in Figures 3–5 respectively. In these distributions, parameters Mi and Ma determine the interval
of triangle distribution, whilst the parameter Mo determines whether a distribution is a left (negative)
or right (positive) skewed.
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For further discussion, a general TPD is referred, as shown in Figure 6. According to the principle
of probability density function that the total probability value is 1, the probability density function in
referring to the triangle distribution Figure 6 can be derived by Equation (5).

f px |Mi , Mo, Maq “

$

’

’

&

’

’

%

2px´Miq

pMa ´MiqpMo ´Miq
pMi ď x ď Moq

2pMa ´ xq
pMa ´MiqpMa ´Moq

pMo ď x ď Mq
(5)
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Figure 6. A general triangle probability distribution.

The generic Equation (5) can be applied to describing the probability density functions for the
triangle probability distributions as shown in Figures 3–5 which describe the distribution or experts’
perception on the sustainability performance score for economic, social and environmental dimensions.
The sustainability performance values of Ec, S and En can be calculated by Equation (6).

Ec “
şEcpMaq

EcpMiq
f pxEcqxEc dxEc

S “
şSpMaq

SpMiq
f pxSqxSdxS

En “
şEnpMaq

EnpMiq
f pxEnqxEn dxEn

(6)

By further referring to the sustainability index value for a concerned PPP-type project, IfSV can
be rewritten as Equation (7):

I f SV “ f1pαq

ż EcpMaq

EcpMiq
f pxEcqxEc dxEc ` f2pαq

ż SpMaq

SpMiq
f pxSqxSdxS ` f3pαq

ż EnpMaq

EnpMiq
f pxEnqxEn dxEn (7)

The application of the SPbEM model (Equation (7)) will be illustrated through a case study in the
next section.
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4. Case Study

Researchers have identified many types of PPP-type infrastructure projects, including highways,
railways, ports, tunnels, bridges, power plants, hydraulic structures, mass transit, and municipal
facilities [1,26]. A specific PPP project is selected to demonstrate the applicability of the model SPbEM
(in Equation (7)) is an expressway connecting Anxi County to Xiamen City in China’s Fujian Province.
The expressway is 6.82 kilometers long with six large tunnels crossing many mountains with the total
investment cost of RMB388.5 million (about US$52 million). This project was procured by adopting
PPP mechanism with the concession period of ten years. There was an extensive discussions between
the two parties on the contract terms and investment distributions between the public sector and
private sector. The public sector of the project was the Anxi County Government. The private sponsor
was Xiamen Hengxing Industrial Co. Ltd., which paid around 75% of the total project investment.
The main contractor was Changsha Central-South Construction Engineering Group Corporation of
Nuclear Industry. The project construction commenced in October 2004, finished in December 2009
and would be transferred to Anxi County Government without any charges upon the end of the
concession period.

By using the data collection framework in Table 4, responses were obtained from fifteen
professionals who were invited to assess the significance of the TBL indicators in referring to this
particular PPP project. The data obtained from the respondents are used to develop the triangular
probability distribution for each TBL indicator.

Take the indicator Ec1 for example, the minimum score is 3 (Mi = 3), the most likely score is
5 (Mo = 5), and the maximum score is 9 (Ma = 9). By applying these values to model (5), the probability
density function of Ec1 can be obtained by Equation (8):

f px |mi , mo, maq “

$

’

’

&

’

’

%

2px´ 3q
p9´ 3qp5´ 3q

3 ď x ď 5

2p9´ xq
p9´ 3qp5´ 3q

5 ď x ď 9
(8)

This function can be expressed graphically in Figure 7.Sustainability 2016, 8, 289  12 of 16 
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Thus, the overall performance grade of the indicator Ec1 can be calculated by using Equation (9):

EpEc1q “

ż 5

3

1
6
px´ 3qxdx`

ż 9

5

1
12
p9´ xqxdx “ 8.67 (9)

Similar to the analysis for the indicator Ec1, the functions for all other TBL indicators listed in
Table 4 can be derived, and the performance values of all the indicators are derived and presented in
Table 5.
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Table 5. The performance values of the TBL indicators for the example project.

TBL
Indicators

Performance
Grade

TBL
Indicators

Performance
Grade

TBL
Indicators

Performance
Grade

Ec1 8.67 S1 5.3 En1 8.86
Ec2 6.43 S2 8.21 En2 7.59
Ec3 8 S3 5.89 En3 6.28
Ec4 6.72 S4 6.63 En4 6.86
Ec5 5.5 S5 6.25 En5 6.96
Ec6 5.45 En6 6.47

By using the data in Table 5, the performance values of the three dimensional parameters in this
case study project, namely, Ec, S and En, can be calculated by using Equation (10).

EpEcq “
6
ř

i
Eci{6 “ 6.80

EpSq “
5
ř

j
Sj{5 “ 6.46

EpEnq “
6
ř

k
Enk{6 “ 7.17

(10)

As regards weighting values between the three sustainability dimensions, the project information
provided shows that the private investment in the case study project accounts for about 75% of the
total project investment, namely, α = 0.25 and β = 0.75. According to this, the weighting values for the
three dimensional parameters can be established by referring to the assumptions in Table 2, namely,

W1 “ 0.45, W2 “ 0.28, and W3 “ 0.27 (11)

By applying the data in Equations (10) and (11) to the Equation (1), the total contribution of TBL
indicators to the sustainability performance of the case study project can be calculated as follows:

IfSV “ 0.45ˆ 6.80 ` 0.28ˆ 6.46 ` 0.27ˆ 7.17 “ 6.80 (12)

This value of 6.80 demonstrates a positive project sustainability performance of this project,
indicating that the 75% contribution from private sector to this PPP project can provide positive
contribution to the project sustainability performance.

5. Findings and Discussions

Results of the case study in the above section demonstrate that the level of sustainability
performance for a PPP-type project is affected by the investment distributions between public and
private sectors, and this performance can be assessed if the investment distributions are defined. This
shows the possibility of achieving an expected level of project sustainability performance (IfSV) by
adjusting investment distributions, denoted by the coefficients α and β In other words, sensitivity
analysis can be conducted to find out the optimal level of investment distribution between the two
sectors in a PPP project towards better level of sustainability. For example, by referring to the case
study discussed in the previous section, when the coefficient α assumes the value 0, 0.25, 0.5, 0.75 and
1 respectively, the sensitivity analysis results on the value of IfSV for this case study PPP project will
be obtained, as shown in Table 6.
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Table 6. Sensitivity analysis results on IfSV values for the case study project.

α IfSV

0 6.783
0.25 6.801
0.5 6.807

0.75 6.808
1 6.792

In further analysis, a curve line can be drawn based on the data in Table 6, as shown in Figure 8.
The curve line indicates the relationship between IfSV and the coefficient α. The curve shows that
an investment wholly contributed either by private or public sector cannot lead to better project
sustainability performance. There is a point where the investment distributions between public
and private sectors can contribute to the best level of project sustainability performance. In other
words, better sustainability performance can be obtained by arranging proper investment distributions
between the two sectors in a PPP-type project. In the current practice, the determination of the
investment distribution in a PPP-type scheme is a complicated decision process, affected by various
factors including economic performance of the given project, private sector’s expected return on project
investment, and the concession period [23,27]. The application of the proposed model SPbEM to the
case study suggests that the effective investment distributions between the public and private sectors
should be arranged in the way that public sector contributes around 25% investment (α = 0.25), and
private sector shares around 75% investment (β = 0.75). This distribution arrangement can contribute
to reasonable level of sustainability performance in implementing this project. Nevertheless, such
investment arrangement does not contribute to the best level sustainability, as can be observed in
Figure 8.Sustainability 2016, 8, 289  14 of 16 
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The relationship between the investment distributions and project sustainability performance,
exampled by the case study in Figure 8, provides a valuable mechanism for determining investment
distributions in a PPP-type project towards better project sustainability performance. Taking the
concerned case as an example, the distribution involving about 60% public investment will lead to the
best level of project sustainability performance.

6. Conclusions

The performance of PPP-type infrastructure projects should be appraised in line with the
sustainable development principles considering the significant impacts of infrastructure projects
to economic, social and environment aspects. In other words, the appraisal should consider project
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performance from the perspective of project sustainability, which is measured by economic, social
and environmental indicators. The key in implementing a PPP-type project is the investment
distribution between public and private sectors. This study showed that there is a major impact
of the investment distribution on the project sustainability performance, and this impact can be
assessed. A sustainability performance-based evaluation model (SPbEM) is therefore developed to
facilitate this impact assessment. The model developed in this study can present the relationship
between the investment distribution and the project sustainability performance, from which an optimal
level of investment distribution between two PPP sectors can be identified for contributing best level
of project sustainability. In addition, this has been demonstrated effectively from the case study
in this paper.

The findings from this study not only promotes the application of PPP approach in the area of
infrastructure development, but also provide an effective method for supporting decision making on
the choice for a proper alpha (α), namely, a proper level of investment distribution between public
and private sectors. The value α can be determined when a certain level of project sustainability
performance is defined. The understanding on this mechanism can help public and private sectors
find a better contractual arrangement to work towards better sustainability performance during the
process of implementing PPP-type projects.

By seeking for collaboration with governmental and industry sectors, it is planned for future
study in this research team to utilize the developed model SPbEM for different types of prospective
infrastructure projects based on IfSV values.

Author Contributions: All authors have contributed equally to the designed research, researched and analyzed
the data, and wrote up the paper. All authors have read and approved the final manuscript.
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References

1. Algarni, A.M.; Arditi, D.; Polat, G. Build-operate-transfer in infrastructure projects in the United States.
J. Constr. Eng. Manag. 2007, 133, 728–735. [CrossRef]

2. Ke, Y. Is public-private partnership a panacea for infrastructure development? The case of Beijing National
Stadium. Int. J. Constr. Manag. 2014, 14, 90–100. [CrossRef]

3. Robert, O.K.; Dansoh, A.; Ofori-Kuragu, J.K. Reasons for adopting Public–Private Partnership (PPP) for
construction projects in Ghana. Int. J. Constr. Manag. 2014, 14, 227–238. [CrossRef]

4. Buertey, J.I.T.; Asare, S.K. Public Private Partnership in Ghana: A Panacea to the Infrastructural Deficit? Int. J.
Constr. Eng. Manag. 2014, 3, 135–143.

5. Sohu Website. 2015 Inventory of PPP Projects Signed. Available online: http://mt.sohu.com/20151211/
n430932858.shtml (accessed on 2 July 2015).

6. Appuhami, R.; Perera, S.; Perera, H. Coercive policy diffusion in a developing country: The case of
Public-Private Partnerships in Sri Lanka. J. Contemp. Asia 2015, 41, 431–451. [CrossRef]

7. Chowdhury, A.N.; Chen, P.H.; Tiong, R.L. Analysing the structure of public–private partnership projects
using network theory. Constr. Manag. Econ. 2011, 29, 247–260. [CrossRef]

8. Hwang, B.G.; Zhao, X.; Gay, M.J.S. Public private partnership projects in Singapore: Factors, critical risks and
preferred risk allocation from the perspective of contractors. Int. J. Proj. Manag. 2013, 31, 424–433. [CrossRef]

9. Tang, L.; Shen, Q.; Cheng, E.W.L. A review of studies on Public–Private Partnership projects in the
construction industry. Int. J. Proj. Manag. 2010, 28, 683–694. [CrossRef]

10. Leiringer, R. Technological innovation in PPPs: Incentives, opportunities and actions. Constr. Manag. Econ.
2006, 24, 301–308. [CrossRef]

11. Bing, L.; Akintoye, A.; Edwards, P.J.; Hardcastle, C. The allocation of risk in PPP/PFI construction projects in
the UK. Int. J. Proj. Manag. 2005, 23, 25–35. [CrossRef]

12. Abraham, G.L.; Chinowsky, P. Critical success factors for the construction industry. In Proceedings of the
Construction Research Congress, Honolulu, Hawaii, USA, 19–21 March 2003; pp. 19–21.

13. Aras, G.; Crowther, D. Governance and sustainability: An investigation into the relationship between
corporate governance and corporate sustainability. Manag. Decis. 2008, 46, 433–448. [CrossRef]

http://dx.doi.org/10.1061/(ASCE)0733-9364(2007)133:10(728)
http://dx.doi.org/10.1080/15623599.2014.899127
http://dx.doi.org/10.1080/15623599.2014.967925
http://dx.doi.org/10.1080/00472336.2011.582713
http://dx.doi.org/10.1080/01446193.2010.537354
http://dx.doi.org/10.1016/j.ijproman.2012.08.003
http://dx.doi.org/10.1016/j.ijproman.2009.11.009
http://dx.doi.org/10.1080/01446190500435028
http://dx.doi.org/10.1016/j.ijproman.2004.04.006
http://dx.doi.org/10.1108/00251740810863870


Sustainability 2016, 8, 289 15 of 15

14. Shen, L.Y.; Li, H.; Li, Q.M. Alternative concession model for build operate transfer contract projects. J. Constr.
Eng. Manag. 2002, 128, 326–330. [CrossRef]

15. Shen, L.Y.; Wu, Y.Z. Risk concession model for build/operate/transfer contract projects. J. Constr. Eng. Manag.
2005, 131, 211–220. [CrossRef]

16. Ugwu, O.O.; Kumaraswamy, M.M.; Wong, A.; Ng, S.T. Sustainability appraisal in infrastructure projects
(SUSAIP): Part 1. Development of indicators and computational methods. Autom. Constr. 2006, 15, 239–251.
[CrossRef]

17. Ugwu, O.O.; 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]

18. Shen, L.Y.; Wu, M.; Wang, J.Y. A model for assessing the feasibility of construction project in contributing to
the attainment of sustainable development. J. Constr. Res. 2002, 3, 255–269. [CrossRef]

19. Plessis, C.D. Sustainability and sustainable construction: The African context. Build. Res. Inf. 2001, 29,
374–380. [CrossRef]

20. Dasgupta, S.; Tam, E.K. Indicators and framework for assessing sustainable infrastructure. Can. J. Civ. Eng.
2005, 32, 30–44. [CrossRef]

21. Koo, D.H.; Ariaratnam, S.T. Application of a sustainability model for assessing water main
replacement options. J. Constr. Eng. Manag. 2008, 134, 563–574. [CrossRef]

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

23. Ling, F.Y.Y.; Kumaraswamy, M.M.; Dulaimi, M.F.; Khalfan, M. Public private partnerships: Overcoming
pre-contract problems faced by public clients and private providers in infrastructure projects in Singapore.
Int. J. Constr. Manag. 2011, 11, 63–77. [CrossRef]

24. Jnr, E.Q. Development projects through build-operate schemes: Their role and place in developing countries.
Int. J. Proj. Manag. 1996, 14, 47–52.

25. Zhuang, C.; He, C. Applied Mathematical Statistics; The Press South China University of Technology:
Guangzhou, China, 2013.

26. Gan, L.; Shen, L.Y.; Fu, H. Study of the infrastructure project evaluation factors based on sustainable
development principles. China Civ. Eng. J. 2009, 42, 133–138.

27. Chen, B.; Mao, C.K.; Hu, J.L. The optimal debt ratio of public–private partnership projects. Int. J.
Constr. Manag. 2015, 15, 239–253. [CrossRef]

© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons by Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1061/(ASCE)0733-9364(2002)128:4(326)
http://dx.doi.org/10.1061/(ASCE)0733-9364(2005)131:2(211)
http://dx.doi.org/10.1016/j.autcon.2005.05.006
http://dx.doi.org/10.1016/j.autcon.2005.05.005
http://dx.doi.org/10.1142/S1609945102000151
http://dx.doi.org/10.1080/09613210110063809
http://dx.doi.org/10.1139/l04-101
http://dx.doi.org/10.1061/(ASCE)0733-9364(2008)134:8(563)
http://dx.doi.org/10.1111/j.1540-6210.2008.01974.x
http://dx.doi.org/10.1080/15623599.2011.10773162
http://dx.doi.org/10.1080/15623599.2015.1062217
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/

	Introduction 
	Research Method 
	Development of the Sustainability Performance Based Evaluation Model (SPbEM) 
	The Primary SPbEM Model 
	Investment Distribution Coefficients (,) 
	Weighting W1, W2, and W3 
	Functional Relationships between () and Wi 
	Measuring the TBL Indicators (Ec, S, and En) 

	Case Study 
	Findings and Discussions 
	Conclusions 

