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Abstract: The Energy Performance Contracting (EPC) industry in China faces many severe risks
that hinder its development. This study aims at identifying the risk factors in China’s EPC industry,
developing a generic method for prioritizing these factors and identifying the key risk factors, and
proposing some policy implications for China’s decision-makers to draft effective measures and
policies to promote the harmonious development of EPC industry in China. A total of 21 risk factors
in five categories including external environmental risks, managerial and operational risks, financial
and market risks, technical risks, and client risks are identified. A best-worst network (BWN)
method was developed for ranking these risk factors based on the traditional Analytic Network
Process (ANP) and the BW method. The results determined the BWN method were validated by
ANP method, and the results determined by the BWN method were also compared with that
determined by Analytic Hierarchy Process (AHP) method. According to the results, some policy

implications have also been proposed for China’s decision-makers.

Keywords: Energy Performance Contracting; Analytic Network Process; Best-Worst method; risk

factors
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1. Introduction

As the world’s largest developing country, China has experienced unprecedented economic
growth, which has been accompanied by increasing energy consumption. In the past decades,
China’s energy consumption increased from 2.61 billion tons of coal equivalent (tce) in 2005 to
4.26 billion tce in 2014 [1] with an annual growth rate of 6.6 percent [2]. With this rapid growth rate,
China surpassed the US to become the largest energy consumer in the world in 2010 [3]. In addition,
China has also consumed the largest share of energy globally, accounting for more than 60% [2].

The massive consumption of fossil fuels in China has also been criticized for leading to serious
energy waste and environmental pollution [4]. Zhang et al. [5] pointed out that the economic growth,
energy consumption, and emissions in China interact and are interdependent. About two-thirds of
China’s energy consumption comes from the industry sector [6]. China’s industry sector consists
primarily of small and inefficient factories, most of which were constructed in the 1990s, when they
contributed significantly to China’s energy consumption [7]. Accordingly, China implemented a
variety of policies and programs for energy-saving and energy intensity improvement [8]. However,
decades later, these old facilities and equipment were still in use and were highly inefficient [9].
Furthermore, due to the coal-dominated energy mix, China suffers from serious air pollution [10].
During the past several years, urban citizens in northern China have encountered a serious smog
problem with an annual average concentration of PM 2.5 as high as or greater than 100 pg/m3[11].

In order to tackle ever-growing energy consumption and the related issues and achieve energy
efficiency, scholars and policy-makers have proposed various types of solutions [12]. These
solutions include energy storage technologies [13-15], carbon monitoring and management [16-18],
and the utilization of renewable energy sources [19-21]. Helping the decision-makers/policy-makers
to promote the development of sustainable energy is of vital importance [22]. There are various

methods to improve energy efficiency as there are various factors affecting energy efficiency [23].
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Among these methods, energy performance contracting (EPC) was introduced as a market
mechanism to deliver energy efficiency projects to specialized energy service providers, which can
help to reduce energy and monetary waste [24]. EPC was recognized as a way to achieve both
energy-saving and energy efficiency improvement for the building energy efficiency retrofit project
[25].

An Energy Service Company (ESCO) is the provider of EPC, which originated in North America
in the late 1970s and early 1980s [26] and now has been popularized in most industrialized
economies, as well as many developing countries [27]. The model of EPC was introduced to China
in the late 1990s, when the Chinese government and the World Bank conducted a key international
cooperation project in the field of energy conservation and management [28]. Subsequently, ESCOs
and EPC have undergone tremendous and rapid development in China. Until 2012, more than 2000
ESCOs were providing energy conservation and management services in China [29]. Despite the
development and progress of EPC and ESCOs that have been made in China, the ESCO industry is
still quite small in size (around 400 ESCOs in China) and vulnerable to financial and market risks
(loan amounts usually range from 1 million USD to 6 million USD, and it is usually difficult for
Chinese banks to appraise these small-size ESCOs) [30]. The EPC business model usually involves
various complex factors, e.g. energy users’ status, project preferences and external influential
factors [31]. In addition, contradictions in government policy discourage the development of EPC
and ESCOs. Though the government has some supportive policies and incentives for ESCO
development, these policies are of questionable operability and lack a mature mechanism to support
ESCO development [28].

Meanwhile, there are usually various challenges and risks in China’s EPC projects which lead to
the low use rate of EPCs [32] . Zhang et al. [33] found that there are usually various risks in

China’s EPC projects, e.g., delay in completion, delay in payment, operational risks and uninsured
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loss, etc. Liu et al. [34] revealed that different stakeholders may have different concerns on
different EPC models and the risks to different stakeholders may also be different. It is necessary to
have a comprehensive investigation on the influencing factors of EPC such that the decision-makers
can understand the key problems in the EPC industry and take effective action to promote the
development of the EPC industry in China. In order to address, mitigate and even eliminate the risks
in EPC projects, it is necessary to determine the priorities of the risk by ranking these risks for the
ESCOs [35].

There are increasingly numerous studies investigating the barriers and risk factors of EPC.
Garbuzova-Schlifter and Madlener [36-37] conducted a comprehensive analysis of risk analysis of
EPC projects in Russia, and the Analytic Hierarchy Process (AHP) was used to rank these risk
factors in terms of their roles in EPC projects. Van Heijs et al. [38] identified the key aspects of
building design, building energy systems and occupant behavior which can effectively influence the
KPIs (Key Performance Indicators) of EPC, and they used scenario analysis to construct methods
for reducing financial risks in ECSOs. Yang and Chou [39] discussed the five critical challenges
that exist in executing energy-saving performance contracts (ESPC), and they also proposed some
lessons and implications for achieving better performance in ESPC projects. Yeatts et al. [40]
summarized the barriers to the use of energy-efficient technologies in building, and produced a
comprehensive review of strategies for overcoming these barriers. Lee et al. [41] identified the
critical risks in EPC projects in Hong Kong and the concerns of the building owners through a
questionnaire survey. Similarly, ESCOs in China encounter various kinds of risks and barriers,
which hinder the development of EPC and block improvement in energy efficiency. Many studies
also focused on promoting the development of EPC in China. For instance, Yuan et al. [42]
systematically examined the evolution of policies, regulations, laws and plans for promoting the

development of EPC in China. Qin ef al. [43] employed the multi-criteria decision making method
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to select the best energy performance contracting business models in China among the share saving
model, the guaranteed model, the energy cost-trust model and the financial lease model by
considering the criteria in four dimensions including the project itself, the energy user, the ESCO,
and the external environment.

This paper aims to identify barriers and risks and analyze how these risk factors and barriers
discourage the adoption of EPC in China while also attempting to identify solutions to remove these
barriers, promote the development of ESCOs, and improve energy efficiency in China. AHP is the
most commonly used method for determining the relative weights of the barriers and risks of EPC
quantitatively, but it cannot address the independence or interactions among these barriers and risks.
Therefore, ANP (Analytic Network Process), which can address independence and interactions
among the criteria/factors, is usually employed to calculate the relative weights of these
criteria/factors. However, this approach still has a severe disadvantage. There are n(n-1)/2 times the
number of comparisons when there are n criteria/factors. For instance, users need to compare 10
times the number of comparisons when there are 5 barriers and risks. The best-worst network
(BWN), which can not only address the independence and interactions among the barriers and risks
but also reduce the number of comparisons compared to AHP and ANP, was developed to determine
the relative weights of the barriers and risks in this study.

The methodological framework of analyzing the risk factors in China’s energy performance
contracting industry is presented in Figure 1. The risk factors that exist in China’s EPC industry
were first summarized based on a literature review and focus group meeting; BWN was
subsequently employed to determine the relative weights of these risk factors. An analytic network
process was later employed to validate the results and compare the results determined by best-worst
network method and analytic network process (ANP) with those determined by an analytic

hierarchy process (AHP); finally, certain policy implications were proposed for promoting the
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development of China’s EPC industry.

2. Barriers and risk factors for EPC

In order to investigate the barriers and risk factors in China’s EPC industry, a focus group
meeting was conducted on October 26™, 2016 at Chongqing University, Chongging, China. One of
our authors served as the coordinator of this focus group meeting. There were nine people invited to
participate in the focus group meeting: three professors whose research focused on EPC, three
experts who worked in an EPC company, and three administrators responsible for the EPC industry
from the local government of China. Based on previous studies [44] and the results of the focus
group meeting, a group of barriers and risk factors were identified and grouped into five categories:
external environmental risks, managerial and operational risks, financial and market risks, technical
risks, and client risks. These risks are presented in Table 1.
2.1 External environmental risks

External environmental risks are possible losses caused by external factors, including
government policy, the economic environment and natural environmental conditions [44]. Therefore,
three types of external environmental risks are considered in this article: (1) political and legal risk,
(2) economic risk, and (3) natural environmental risk. The present policies and regulations about
energy conservation provide few incentives to energy utility companies to implement energy saving
behaviors [45]. Usually, the government policy changes over time, which may result in risks for
ESCOs [46]. The performance of ESCOs can also be affected by the macroeconomic environment
[47]. Energy saving effects can also be influenced by the natural conditions, e.g., weather,
hydrology, landform and natural hazards [47].
2.2 Managerial and operational risks

Managerial and operational risks are usually caused by internal managerial factors and project-
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related factors. Managerial problems can be a lack of professional talent [48], problems with the
project team [49], decision mistakes, information asymmetry [46], the ability to operate and control
over project [34], and even the procurement of equipment and materials [50]. The risks from a
project are mainly caused by the status of the project, i.e., the age and location of building [20]. In
sum, the managerial and operational risks include the following aspects: (1) strength of the project
team, (2) decision risk, (3) ability risk, (4) information management risk, (5) procurement risk, and
(6) construction risk.
2.3 Financial and market risks

The financial and market risks for ESCOs are primarily derived from the supply and demand
situation of the market, price changes, and the channels to raise money. The uncertainty of market
demand and industry competition can lead to great market risks for ESCOs [44]. The market price
for human capital, materials and equipment can increase for some unexpected reasons, which may
lead to an increase in construction costs [51-52], while dropping energy prices can result in an
overall cost saving effect for the project [53]. It is difficult to survive in a fierce market for small
ESCOs that cannot get abundant financial support [54-55]. Since most ESCOs in China are small
and medium enterprises (SMEs), and they have a very small chance to get a loan from the bank [28].
Even if they can get some financial support, they will usually face a high interest rate [51]. In this
research, the following risk factors are considered to be market and financial risks: (1) risk of
market competition, (2) risk of price change, (3) risk of market demand, and (4) high interest rate
risk.
2.4 Technological risks

The ESCO industry in China is still in the initial stage, and these businesses have no example
with well-round experience and procedures to learn from or listen to [56]. The absence of

standardized procedure can be a typical technological risk for ESCOs in China. Also, the lack of
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advanced and competitive technologies for improving energy efficiency and the methodology to
measure and verify energy saving effect hinder the adoption and effect of EPC and the ESCO
industry in China [28,52]. Four technological risks are included in this paper: (1) Lack of standards
for implementing EPC, (2) advanced technology and equipment risk, (3) project quality risk, and (4)
energy-saving measurement and verification risk.
2.5 Client risks
The client risks usually originate due to the insufficient communication between ESCOs and

their clients. Client risks can result from different reasons. For example, the client may not be
satisfied with the energy saving effect, there may be something that ESCOs and their clients
overlooked in their contracts, and clients may fake the energy information of the project [57]. Three
kinds of client risks are considered in this study: (1) Client awareness risks: a client’s negative
response to ESCOs caused by fear of decreased revenues or a lack of interest. (2) Contract risks:
risk caused by an incomplete contract. (3) Credit risk: risk resulting from a client refusing to
implement the contract or complete the payment. (4) Business risk: non-effective energy savings
and low energy efficiency caused by improper operations and mistakes in business management.
After determining these risks, it is still difficult for the stakeholders to use niche targeting
measures and implications to mitigate these risks when the funding is limited. These risks in the
EPC industry can be ranked from the most important to the least. After that step, we can propose
corresponding measures and strategies to help mitigate the critical risks effectively. The methods for

ranking these risks are presented in section 3.

3. Methods
ANP is derived from AHP, which was developed by Saaty [58], is different from AHP. AHP

determines the weights of the criteria by decomposing the complex multi-criteria decision-making
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problem into different levels which may consist of several sub-factors in the established hierarchal
structure, but usually neglects the interdependences and interrelationships among these sub-factors
in each level [59]. ANP is modified from AHP to incorporate the interdependences and
interrelationships among the criteria [60]. Therefore, ANP has been widely used in many fields
because of this advantage [61]. There are usually two types of ANP methods for determining the
weights of the criteria. One way is to determine the weights through creating an unweighted super-
matrix, a weighted super-matrix [62], and a limit super-matrix, and the other way is to determine the
weights of the criteria based on the matrix operations and perform a pair-wise comparison of the
criteria on each criterion [59, 63]. Compared with the first method for ANP, the second approach is
easier to operate. AHP is the foundation of ANP, but there are several drawbacks in AHP, i.e.,
difficulty in establishing a consistent matrix and too many comparisons when the number of criteria
is greater than five. For instance, AHP determines the relative weights or priorities of the criteria by
using the numbers from 1 to 9, and their reciprocals to establish a consistent comparison matrix.
However, it is usually difficult for the decision-makers to establish a consistent comparison matrix
as there are usually various types of ambiguity, vagueness, and subjectivity in human judgments.
Besides these disadvantages, AHP cannot consider the independence and interactions among
barriers and risks. Although ANP as an improved method of AHP can incorporate the independence
and interactions among the barriers and risks when determining their weights, it still needs many
more comparisons and makes it difficult for users to establish consistent comparison matrices.

The Best-Worst (BW) method as an innovative method and powerful tool for weight determination,
which is different from and easier than the AHP method, was developed by Rezaei in 2016 [64-65].
The BW method only needs to determine the relative preferences of the best criterion over all the
other criteria and that of all the other criteria over the worst criterion to determine the relative

weights/priorities of the criteria. The BW method has been widely used recently for its advantages
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of easy-operation, good performance on consistency, requirement of less comparison data, and
production of more reliable results [64]. In this study, the BWN method is developed by integrating
the BW method developed by Rezaei [64-65] with the traditional ANP. The new BWN method has
the following innovations:
(1) The interdependences and interactions among the criteria can be incorporated when
determining the relative weights/priorities of the criteria;
(2) The BW method, which needs less times for comparisons and is more consistent compared
with AHP, was used to substitute AHP used in ANP; and
(3) The principles of ANP were incorporated into the BWN method.
The BWN method consists of three steps:
Step 1: Determining the relative importance (weights) of the factors through the Worst-Best method
by assuming that there is no dependency among the factors [64-65]. This step consists of four sub-
steps based on the works of Rezaei [64-65]:
Sub-step 1: Determining the best (e.g., most desirable or most important) and the worst (e.g., least

desirable or least important) factors, denoted by f, and f, , respectively. The decision-makers in

this step determine the two extreme factors according to their judgment and rank one as the best and
the other as the worst. It is worth noting that certain related technological reports, papers, and books
related to these factors will be provided to these decision-makers such they can make a decision
about selecting the best and the worst factors.

In order to illustrate the BW method for determining the relative weights or priorities of the factors,
an illustrative case was studied. Assuming that there are four factors (fi, f>, f3 and f4), and f; and f4
have been recognized as the best and the worst factor, respectively. Then, we can see that B=2, W=4.
Sub-step 2: Determining the Best-to-Others (BO) vector and the Others-to-Worst (OW) vector.

The BO vector and OW vector represent the relative preferences of the best over all the other
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criteria and that of all the other criteria over the worst criterion by using the scales used in the Saaty
method [58], as presented in Table 2. Next, the vector can be obtained, as presented in Eq.1 and
Eq.2, respectively.

BO:[aBl gy "+ aBn] (1)
ow = [alW Gy anW] (2)
where a,,(j=1,2,---,n) and a,, (j=1,2,---,n) represent the relative preference of the best criterion

over the j-th criterion and that of the j-th criterion over the worst criterion.

It is apparent that when j= B, then a, =1, and when j =W, then a,, =1.

As to the illustrative case, if the decision-makers held the view that the relative importance or
priority of the best factor (name f>) compared with fi, f; and fs are ‘essential importance’
(corresponding to 5), ‘moderate importance’ (corresponding to 3), and ‘absolute importance’

(corresponding to 9), respectively, then, it could be obtained that
BO = [aBl Ap, dps a34] = [a21 ay Ay a24] = [5 13 9] 3)

In a similar way, if the decision-makers held the views that the relative importance or priorities of
f1, f> and f3 compared with the worst factor (name fi) are ‘between equal importance (corresponding
to 1) and moderate importance (corresponding to 3)’, ‘absolute importance’ (corresponding to 9),

and ‘moderate importance’(corresponding to 3), respectively; thus, it could be obtained that
oW = [alW Ay Ay a4W] = [a14 g a44] = [2 9 3 1] 4)

Sub-step 3: Determining the weights of the criteria.

The optimal weights of the criteria should satisfy the conditions presented in Eqs.5-6.

() .
_B:ag,‘(]zlezv"'vn) (5)
(]

J
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w—:ajW(]:lazv"'vn) (6)

w

To satisfy all of these conditions, the solution which satisfies the condition that the maximum

J

Oy

absolute difference is |22 — g 5| and for all j is minimized. Then, the weights of the
o,
J

— ajW

criteria can be determined by solving the following problem:

. w .
minmax | [—>—dag |, [———a,,
A
s.t.
n 7)
20, =1
j=1
®,20,/=12,n
Equation(7) can be transferred into the following problem:
min &
S.t.
—F—ay <&, j=1,2,-,n
J
, (8)
——a,,|<E,j=12,n
w

20, =1
j=1
®,20,/=12,n
where w, represents the weight of the best criterion, @, represent the weight of the worst criterion,

and ; denotes the weight of the j-th criterion.

The ¢&° is the value of the objective function in Equation (8) under the optimum
conditions @, , @, , @, ,..., and @, .

Accordingly, the equation for determining the weights of the factors in the illustrative case can also

be determined:
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“ _5)<
o, =<
a)z

D _3<
o, c
D _g|<
o, =<
D gl<e
@,
D 3<e
@,

4
2.0 =1
= )

In solving Equation (9), results can be obtained. The results are & =0.1270 , @, =0.1245 ,
®, =0.6068 ,m, =0.2023, 0, = 0.0665 .

Sub-step 4: Consistency check.

The comparison is fully consistent when aga,, =a,, (j=1,2,---,n) . However, this ideal
condition cannot always be achieved due to the ambiguity and vagueness that exists in human
judgments. The consistency ratio can be calculated for a consistency check, as presented in Eq.10,

CR=%_ (10)

where CR represents the consistency ratio, and CI represents the consistency index.

The consistency index can be obtained according to Table 3, and the value of the consistency ratio

belonging to the interval [0 1] indicates the consistency level. The closer the value to zero, the more

consistent the comparison is; contrarily, the closer the value to one, the more consistent the

comparison is.
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For the consistency check in the illustrative case, a,, =a,, =9, the consistency index (CI) is 3.00,

0.1270

thus, the consistency ratio can be calculated as CR = =0.0243 according to Eq.10. The

solution is near zero, and this implies high consistency.

Step 2: Determining the inner dependency matrix ( D ) of the factors with respect to each factor.
The elements of the j-th column vector in matrix D represent the relative effects of all the other
factors on the j-th factor, and this vector can be obtained through establishing the comparison

matrix with respect to the j-th factor. Similarly, all the column vectors in matrix D can be obtained.

1 d12 nl
D — d21 1 dn2 (11)
d, d 1

It is worth noting that the i-th row vector represents the relative effect of the i-th factor on the
other factors, and all of the diagonal elements in matrix D equal 1 according to Ref. [61,66],

where d; represents the relative effect of the i-th factor on the j-th factor.

Step 3: Calculating the inter-dependent priorities of the n factors by Eq.12, then normalizing the

inter-dependent priorities of the n factors by Eq. 13.

W =DxW, =[0,0,,,0,] (12)

W:{a)l/zn:coi,a)2 Zn:a)i,---,a)n Zn:a)i (13)
i=1 i=1 i=1

where W' represents the weight vector of the inter-dependent priorities of the n factors, and W

represents the normalized weight vector of the inter-dependent priorities of the n factors.

4. Results and discussion
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The proposed BWN method has been employed to prioritize the risks of EPC under China’s
conditions. The BW method was first used to determine the weights of the risk of five aspects with
the assumption that these five aspects are independent, the inner dependency matrix of the five
aspects and, finally, the inter-dependent weights of these five aspects (Stage 1). Next, the local
weights of the sub-risks in each aspect were also be determined by the BW method in a similar way
(Stage 2). Finally, the global weights of each of the sub-risks was be determined by calculating the
product of the local weight of the sub-risk and the inter-dependent weight of the corresponding

weight which this sub-risk belongs to (Stage 3).

4.1 Inter-dependent weights of these five risk aspects (stage 1)

Taking the determination of the weights of the risk of five aspects with the assumption that these
five aspects are independent as an example, the four sub-steps of the BW method were specified as
follows:

Sub-step 1: The most important risk aspect and the least important risk aspect of EPC in China
were also determined in the focus group meeting. Management and operation risk (MOR) and
Technological risks (TR) were recognized as the most important and the least important aspects,
respectively.

Sub-step 2: The relative preferences of the most important aspect (MOR) over all the other aspects
and the relative preference of all the other aspects over the least important aspect were also
determined, as presented in Eqs.14-15. Note that EER, FMR, TR, MOR, and CIR are denoted by
the numbers Ci, Ca, Cs, Cs4, and Cs, respectively. Accordingly, B=4, W=3, and aj, represents the

relative importance of EER compared with FMR.

BO=[a, a, a, a, as]=[3 2 6 1 5] (14)

OW:[a13 Ayy Gy Gy a53]:[2 316 1] (15)
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Sub-step 3: Finding the optimal weights of the criteria by solving equation (16)

o, | (16)

The results are: £ =0.1401, @, =0.1586, @, =0.2216,,0, =0.0775, @, = 0.4540 ,and w, = 0.0883.

Accordingly, the independent weights of the five aspects can be determined, as presented in Table

17.
[0.1586 |
0.2216
W, =|0.0775 (17)
0.4540
1 0.0883

Sub-step 4: According to a,, =a,, =6, the consistency index (CI) is 3.00, thus, the consistency

ratio can be determined CR = 0.1401

=0.0467 . As it is close to zero, this implies a very high
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consistency.

Similarly, the inner dependency matrix for describing the interdependences and interactions among
these five aspects can be obtained by using the BW method five times to determine the effects of all
the other four aspects (excluding the studied aspect) on each of the five aspects. Taking the effects
of the other four aspects (FMR, TR, MOR, and CIR) on EER as an example, FRM and CIR have
been recognized the most important and the least important aspects that affect EER, the relative
weights representing the effects of these four aspects on EER can be determined after determining
the BO vector and the OW vector by using the BW method, as presented in Table 4. In a similar
way, the effects of the four aspects (EER, TR, MOR, and CIR) on FMR, the effects of the four
aspects (EER, FMR, MOR, and CIR) on TR, the effects of the four aspects (EER, FMR, TR, and
CIR) on MOR, and the effects of the four aspects (EER, FMR, TR, and MOR) on CIR can also be
determined, the inner dependency matrix (matrix D) of the five aspects can be determined and is
presented in Table 5.

Next, the inter-dependent weights of the four aspects can be determined according to Eq.12, as
presented in Eq.18.

[0.4229 ]
0.3522

W =DxW,=|0.4361 (18)
0.5212

1 0.2671 |

Finally, the normalized inter-dependent weights of the five aspects can also be determined
according to Eq.13, and the results are presented in Eq.19. Thus, the weights of the five categorie,s
including external environmental risks, managerial and operational risks, financial and market risks,

technical risks, and client risks, are 0.2215, 0.1761, 0.2181, 0.2607, and 0.1336, respectively.
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4.2 Local weights of the sub-risks in each aspect (stage 2)

In this stage, the local weights of the risk factors in each of the five categories have been
determined. Taking the political and legal risk (EER;), economic risk (EER:), and natural
environmental risk (EER3) in the category of external environmental risks as an example, EER; and

EER; were recognized the most important and the least important risk factors in this category,

respectively. After determining the BO and WO vectors ( BO = [1 2 5] and OW = [5 3 1] ), the

local weights of these three risk factors can be determined, as presented in Table 6. Similarly, the
local weights of the risk factors in each of the other four categories can also be determined (see

Table 7),.

4.3 Global weights of the sub-risks (stage 3)

In this stage, the global weights of the risk factors in each of the five categories have been
determined. The global weight of each risk factor equals the product of the local weight of the risk
factor and the weight of the category to which the corresponding risk factor belongs. For instance,
the global weight of the political and legal risk (EER;), which belongs to the category of external
environmental risks (EER), can be determined: the local weight of the political and legal risk
(EER)xthe weight of the category of external environmental risks=0.2215x%0.5746=0.1273. In a
similar way, the global weights of the other risk factors can also be determined, as presented in

Table 7.
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4.4 Discussion

The cause-effect diagram for risk factors in China’s EPC industry can be determined and is
presented in Figure 2. According to the relative weights of the five categories, it is apparent that
technological risks are the most severe followed by external environmental risks, financial and
market risks, managerial and operational risks, and client risks. Therefore, from a macro perspective,
mitigating the technological risks of energy performance contracting is the most important task for
China’s decision-makers. Meanwhile, the decision-makers in China should also pay more attention
to external environmental risks, and financial and market risks. The corresponding measures and
strategies that are developed to mitigate the risk in these two categories should also be adopted to
promote the development of EPC in China.

In comparing the relative global weights of risk factors, these factors can be categorized into
three groups: one is the ‘significantly important group,’ including political and legal risk, risk of
market demand, advanced technology and equipment risk, and energy-saving measurement and
verification risk, the relative weights of which are greater than 0.1. Another is the ‘moderately
important group,’ including ability risk, economic risk, credit risk, and risk of price change, whose
relative weights are between 0.05 and 0.1. The other is the ‘less important group,” including
decision risk, procurement risk, high interest rate risk, and the other factors whose relative weights
are less than 0.05. These results can produce significant insights for China’s decision-makers and
may contribute to the drafting of effective measures by correctly assigning limited funds for
promoting the development of EPC in China.

The BWN method is similar to ANP, as it can incorporate the interdependences and interactions
among the criteria when determining their relative weights/priorities. In order to validate the BWN
method, ANP was also employed to determine the relative weights of these 21 risk factors. Taking

the relative weights of EER, FMR, TR, MOR, and CIR as an example, the comparison matrix can
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be firstly determined, as presented in Table 8. The consistency index (CI) of the comparison matrix
is 0.0152, and the consistency ratio (CR) can then be determined. The CR is 0.0136, smaller than
0.10, which means that the comparison matrix can be recognized as a consistent comparison matrix.
Therefore, the relative weights of EER, FMR, TR, MOR, and CIR are 0.1586, 0.2273, 0.0599,
0.4548, and 0.0994, respectively.

The inner dependencies among the five aspects can also be determined. Taking the relative effects
of the four aspects (FMR, TR, MOR, and CIR) on EER as an example, the comparison matrix is
presented in Table 9. The consistency ratio is 0.0015, which is smaller than 0.10, and therefore the
comparison matrix for determining the relative effects of the four aspects (FMR, TR, MOR, and
CIR) on EER can be recognized as a consistent matrix. Thus, the relative effects of the four aspects
(FMR, TR, MOR, and CIR) on EER are 0.3936, 0.3936, 0.1375, and 0.0753, respectively.

In a similar way, the relative effects of the four aspects (EER, TR, MOR, and CIR) on FMR, the
relative effects of the four aspects (EER, FMR, MOR, and CIR) on TR, the relative effects of the
four aspects (EER, FMR, TR, and CIR) on MOR, and the relative effects of the four aspects (EER,
FMR, TR, and MOR) on CIR can also be determined (see Table 10).

The inner dependency matrix of the five aspects used in ANP can be determined, as presented in
Table 10. The normalized inter-dependent weights of the five categories including external
environmental risks, managerial and operational risks, financial and market risks, technical risks,
and client risks can be determined by Eq.18 and Eq.13, and they are 0.2086, 0.1792, 0.2132, 0.2604,
and 0.1386, respectively.

In a similar way, the local weights of the criteria in each of the five aspects can also be
determined, and the results are presented in Tables 11-15. Following that, the global weights of the
21 risk factors in China’s EPC industry can be determined by ANP, and the results are presented in

Table 16. The comparison of the global weights of the 21 risk factors in China’s EPC industry
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determined by BWN, ANP and AHP is presented in Figure 3. It is apparent that the results
determined by BWN and ANP are very similar, but the results determined by these two methods are
highly different from those determined by AHP because both the BWN and the ANP can
incorporate the interdependences and interactions among the risk factors, while AHP recognizes all

of the factors as independent.

5. Policy implications
According to the results of this study, the following policy implications may be useful for China’s
decision-makers:

(1) China’s administration should focus on mitigating technological risks, external
environmental risks, and financial and market risks from a macro perspective to improve the
confidence of all of the stakeholders of energy performance contracting.

L. For the technological risks, China’s administration should establish thorough
technological standards and regulations to manage the harmonious development of
EPC in China. Meanwhile, the special funding should be set for the R&D of
advanced technologies for energy-saving. For instance, the administration can launch
some special funding for energy-saving in building sector for managing energy
efficiency and energy retrofit of buildings. The development of science and
technology for energy saving is the most important driving factor for assuring the
effects of EPC and the project quality of EPC.

IL. For the external environmental risks, China’s administration should create complete
regulations and a legal framework to guarantee that benefits will pass to all
stakeholders in the value chain of EPC. Rapid economic growth is the most

important signal of a good economic environment for the investors of EPC; however,



474 the slowdown of economic growth recently may cause an investment reduction in

475 EPC due to the decrease in opportunities for low-or-zero-interest loans. Accordingly,
476 China’s administration should set various financial support policies (i.e. subsidies,
477 low-or-zero-interest loans) for the stakeholders in the value chain of EPC to lower
478 the investment cost and reduce the payback time. Moreover, China should also
479 develop special insurance for the stakeholders in the value chain of EPC to protect
430 against risks caused by a natural or environmental disaster.

481 111 For the financial and market risks, China’s administration should focus on
482 establishing a free and transparent market mechanism to guarantee a steady, free and
483 competitive EPC market.

484 (2) Resolving the political and legal risk, risk of market demand, advanced technology and
4385 equipment risk, and energy-saving measurement is the key for the success of the EPC
486 industry in China. The best way to accomplish this is for China’s administration to take
487 problem-oriented measures: (i) setting up special governmental sectors for governing and
438 managing the EPC industry in China; (i1) drafting complete regulation system to regulate the
489 EPC industry; (iii) vigorously stimulating market demand and developing market potential;
490 (iv) encouraging the R&D of advanced energy-saving technologies; and (v) establishing
491 technological standards for energy-saving measurement at a national level.

492

493 (3) Mitigating ability risk, economic risk, credit risk, and risk of price change are also important
494 for building a harmonious environment for the development of EPC in China. Ability risk
495 can be mitigated by adopting advanced energy-saving technologies and accumulating
496 engineering and demonstration experience in China’s EPC industry. Thus, the participation

497 of foreign and private capital with advanced technologies and plenty of engineering
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experience in energy-saving is significantly important. As for the economic risk, strong
governmental support in various ways (i.e. subsidies and policies) is a prerequisite. Credit
risk can be addressed by signing detailed and clear contracts and setting strict regulations
and laws with serious punishments for violators to safeguard the benefits of the aggrieved
parties. Price change risk, such as the decrease of energy, can also be effectively lowered by
signing detailed and clear contracts to state the expected effects of EPC projects with

consideration towards price change.

Conclusions

This study aims to summarize the risk factors in China’s EPC industry, develop a
framework for prioritizing these factors, identify the key risk factors, and propose several
policy ideas for China’s decision-makers to draft effective measures and policies to promote
the harmonious development of the EPC industry in China. A total of 21 risk factors in five
categories, including external environmental risks, managerial and operational risks,
financial and market risks, technical risks, and client risks, were identified. The BWN
method was developed for ranking these risk factors and was based on the traditional ANP
and the BW method.

According to the results of the BWN analysis, these five categories were prioritized
according to their relative importance. The order of importance is: technological risks,
followed by external environmental risks, financial and market risks, managerial and
operational risks, and client risks. Then, these risk factors were categorized into three groups
including a ‘significantly important group’ (i.e., political and legal risk, risk of market

demand, advanced technology and equipment risk, and energy-saving measurement and
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verification risk), a ‘moderately important group’ (i.e., ability risk, economic risk, credit risk,
and risk of price change), and a ‘less important group’ (i.e., decision risk, procurement risk,
high interest rate risk, and the other factors). Some policy implications have also been
proposed according to the results of the BWN analysis, like proposing China’s decision-
makers draft effective measures and strategies to promote the harmonious development of
EPC industry in China.

The mitigation of the risk factors in China’s EPC industry is complicated, and the
identification of the critical factors and the investigation of the cause-effect relationships
among these factors usually involves multiple groups of decision-makers/stakeholders who
may have different preferences and opinions. Therefore, the authors’ future work is to
develop a methodology which can incorporate the preferences and opinions of different
decision-makers/stakeholders and achieve group decision-making when determining the

relative weights of the risk factors in China’s EPC industry.
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Abbreviations

Analytic Hierarchy Process: AHP
Analytic Network Process: ANP
Best-to-Others: BO

Best-Worst: BW

Best-Worst Network: BWN

Consistency Index: CI

Consistency Ratio: CR

Client risks: CIR

External Environmental Risks: EER
Energy Performance Contracting: EPC
Energy Service Company: ESCO
Energy-Saving Performance Contracts: ESPC
Financial and Market Risks: FMR

Inner Dependency Matrix: D

Managerial and Operational Risks: MOR
Others-to- Worst: OW

Particular Matter: PM

Research, Development and Demonstration: RD&D
Technological Risks: TR

Superscripts

*: the optimum value

Subscripts

B: best
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Bj: the best criterion over the j-th criterion

BW: the best criterion over the worst criterion

jJW: of the j-th criterion over the worst criterion

j=@1,2,---,n): the j.th

W: worst

Symbols

a : the relative preference

f : the factor

 : the weight

W ': the weight vector of the inter-dependent priorities of the n factors
W: the normalized weight vector of the inter-dependent priorities of the n factors.

&: the objective function of programming (8)
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Figure 1: The methodological framework of analyzing the risk factors in China’s energy
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826

827

828

829

830

Table 1: Categories and risks for Energy Performance Contracting

Categories Risks References

EER: External EER;: Political and legal risk [19, 27, 28, 30, 36, 37, 38, 39, 40]

environmental EER>: Economic risk [19, 30, 36]

risks EER;: Natural environmental risk [19, 27]

MOR: MOR;: Completion of project team [19, 30, 36, 37]

Managerial and MOR:: Decision risk [29, 36]

operational risks MOR3: Ability risk [27,29]
MOR,: Information management risk [29, 36, 40]
MORs: Procurement risk [29, 37, 38]
MORgs: Construction risk [29]

FMR: Financial FMR;: Risk of market competition [29, 36, 40]

and market risks

TR:
Technological

risks

CIR: Client risks

FMR;: Risk of price change
FMR3: Risk of market demand
FMRy: High interest rate risk

[27,28, 29, 36, 39, 40, 41]
[19,27, 29, 30, 36, 37, 39, 45]
[29, 39, 45]

TR;: Lack of standards for implementing [29, 37]

EPC

TR;: Advanced technology and equipment [27, 29, 36, 39, 40]

risk

TR;: Project quality risk

TR;: Energy-saving measurement

verification risk

CIR;: Client awareness risks
CIR>: Contract risks

CIR;3: Credit risk

CIR: Business risk

[36, 40]

and [29, 38, 39]

[19, 30, 45]
[19, 27, 25, 36, 39, 40]
[29, 30, 36, 40]

[29, 39, 40]




831

832 Table 2: Comparison scale in Saaty method [58]
Scales Definition Note
1 Equal importance i is equally important to j
3 Moderate importance i is moderately important to j
5 Essential importance i is essentially important to j
7 Very strong importance i is very strongly important to j
9 Absolute importance iis very absolutely important to j
2,4,6,8 Intermediate value The relative importance of i to j is between to adjacent judgment
Reciprocal Reciprocals of above The value had been assigned to i when compared to j, then ;j has
the reciprocal value compared to i
833
834
835
836
837
838
839
840
841
842
843
844

845



846  Table 3: Consistency Index (CI) table [64-65]

1 2 3 4 5 6 7 8 9

Ay

Consistency index (max &) 0.00 044 1.00 1.63 230 3.00 373 447 523
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860
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863

864
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866
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869

870

871

872

873

874

875

876

877

878

879

880

881

882

883

884

885

Table 4: Relative effects of the four aspects (FMR, TR, MOR, and CIR) on EER

Most important: FMR-C; Least important:CR-C4
BO(aq,;) 1 1 3 5
OW(a,,) 5 5 2 1
Weights o, o, o, o,
0.3926 0.3926 0.1388 0.0759
Results £ =0.1716, CI=2.30, CR=0.0746

Note: FMR, TR, MOR, and CR denotes by Ci, C,, C3, and C4, respectively in this table



886

887 Table 5: The inner dependency matrix of the five aspects

Matrix D EER FMR TR MOR CIR

EER 1 0.5000 0.5195 0.1565 0.4776

FMR 0.3926 1 0.1643 0.0717 0.2612

TR 0.3926 0.2500 1 0.4979 0.1689

MOR 0.1388 0.0833 0.2403 1 0.0923

CR 0.0759 0.1667 0.0706 0.2739 1
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914

915

916

917
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919

920

921

Table 6: Local weights of the political and legal risk (EER;), economic risk (EER>), and natural

environmental risk (EER3) in the category of external environmental risks

Most important: EER; Least important: EER3

BO(4q,;) 1 2 5

OW(a,;) 5 3 1

Weights o, , o,
0.5746 0.3143 0.1111

Results £ =0.1716 , CI=2.30, CR=0.0746

Note: EER1, EER> and EER3 denotes by Ci, C,, and Cs, respectively in this table



922

923 Table 7: the global weights of the risk factors in each of the five categories
Categories Risks Global weights
EER: External environmental risks EER;: Political and legal risk (0.5746) 0.1273
(0.2215) EER>: Economic risk (0.3143) 0.0696

EERj3: Natural environmental risk (0.1111) 0.0246
MOR: Managerial and operational MOR;: Completion of project team (0.0544) 0.0096
risks (0.1761) MOR:>: Decision risk (0.2246) 0.0396
MOR;: Ability risk (0.4491) 0.0791
MOR,: Information management risk (0.1088) 0.0192
MORs: Procurement risk (0.1632) 0.0287
MORs: Construction risk (0.0947) 0.0167
FMR: Financial and market risks FMR;: Risk of market competition (0.0833) 0.0182
(0.2181) FMR;: Risk of price change (0.2500) 0.0545
FMR;: Risk of market demand (0.5000) 0.1090
FMR,: High interest rate risk (0.1667) 0.0364
TR: Technological risks (0.2607) TR;: Lack of standards for implementing EPC 0.0144
(0.0554)
TR>: Advanced technology and equipment risk 0.1018
(0.3905)
TR;: Project quality risk (0.1497) 0.0390
TRy: Energy-saving measurement and 0.1054
verification risk (0.4044)
CIR: Client risks (0.1336) CIR;: Client awareness risks (0.2612) 0.0349
CIR;: Contract risks (0.1689) 0.0226
CIR3: Credit risk (0.4776) 0.0638
CIR,: Business risk (0.0923) 0.0123

924

925

926

927



928

929 Table 8: The relative weights of EER, FMR, TR, MOR, and CIR
EER FMR TR MOR CIR
EER 1 172 3 1/3 2
FMR 2 1 3 172 2
TR 1/3 1/3 1 1/7 172
MOR 3 2 7 1 5
CIR 1/2 172 2 1/5 1

CI=0.0152, CR=0.0136

Weights 0.1586 0.2273 0.0599 0.4548 0.0994

930
931
932
933
934
935
936
937
938
939
940
941
942

943 Table 9: The relative effects of the four aspects (FMR, TR, MOR, and CIR) on EER by AHP
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945

946

947

948

949

950

951

952

953

954

955

956

957

958

959

EER FMR TR MOR CIR
FMR 1 1 3 5
TR 1 1 3 5
MOR 1/3 1/3 1 2
CIR 1/5 1/5 12 1
CI=0.0014, CR=0.0015
Weights 0.3936 0.3936 0.1375 0.0753

Table 10: The inner dependency matrix of the five aspects used in ANP

Matrix D EER

FMR

TR

MOR

CIR




960

961

962

963

964

965

966

967

968

969

970

971

972

973

974

975

EER 1 0.4959 0.5008 0.1494 0.4829

FMR 0.3936 1 0.1494 0.0717 0.2720
TR 0.3936 0.2672 1 0.5008 0.1570
MOR 0.1375 0.0827 0.2780 1 0.0882
CIR 0.0753 0.1542 0.0717 0.2780 1

Table 11: Local weights of the political and legal risk (EER;), economic risk (EER?), and natural

environmental risk (EER3) in the category of external environmental risks by AHP

EER; EER> EER3
EER; 1 2 5
EER> 12 1 2

EER; 1/5 172 1




976

977

978

979

980

981

982

983

984

985

986

987

988

989

990

991

992

993

CI=0.0028, CR=0.0048

Weights 0.5954 0.2764 0.1283

Table 12: Local weights of the seven risk factors in the category of managerial and operational

risks (MOR) used by AHP

MOR; MOR: MOR; MOR4 MORs5 MORs
MOR; 1 1/4 1/7 1/2 1/3 1/2
MOR: 4 1 1/2 2 2 3

MOR; 7 2 1 4 3 5



994

995

996

997

998

999

1000

1001

1002

1003

1004

1005

1006

1007

1008

MOR4 2 172 1/4 1 172 2

MOR; 3 172 1/3 2 1 2

MORg¢ 2 1/3 1/5 172 172 1

CI=0.0161, CR=0.0130

Weights 0.0496 0.2223 0.3998 0.1051 0.1483 0.0748

Table 13: Local weights of the four risk factors in the category of financial and market risks (FMR)

by AHP

FMR; FMR2 FMR; FMR4
FMR; 1 1/3 1/5 1/2
FMR> 3 1 172 2

FMR3 5 2 1 3



FMR4 2 172 1/3 1

CI=0.0048, CR=0.0054

Weights 0.0882 0.2720 0.4829 0.1570

1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023

1024  Table 14: Local weights of the four risk factors in the category of technological risks (TR) by AHP

TR TR2 TR; TR4
TRy 1 1/5 1/2 1/7
TR2 5 1 3 172
TR3 2 1/3 1 1/4

TR4 7 2 4 1




CI=0.0072, CR=0.0080

Weights 0.0641 0.3080 0.1185 0.5093

1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040

1041  Table 15: Local weights of the four risk factors in the category of client risks (CIR) by AHP

CIR; CIR2 CIR3 CIR4
CIR, 1 2 12 3
CIR> 12 1 1/5 2
CIR3 2 5 1 6

CIR4 1/3 1/2 1/6 1




CI=0.0082, CR=0.0091

Weights 0.2531 0.1297 0.5383 0.0790

1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052

1053

1054 Table 16: The global weights of the 21 risk factors determined by ANP and AHP

Categories Inter-dependent Independent Risk factors Local weights Global weights Global weights

weights weights by ANP by AHP
EER 0.2086 0.1586 EER; 0.5954 0.1242 0.0944
EER> 0.2764 0.0577 0.0428
EER; 0.1283 0.0268 0.0203
MOR 0.1792 0.2273 MOR; 0.0496 0.0089 0.0113
MOR: 0.2223 0.0398 0.0505
MOR; 0.3998 0.0716 0.0909
MOR; 0.1051 0.0188 0.0239
MORs 0.1483 0.0266 0.0337
MORs 0.0748 0.0134 0.0170
FMR 0.2132 0.0599 FMR; 0.0882 0.0188 0.0053
FMR; 0.2720 0.0580 0.0173

FMR; 0.4829 0.1030 0.0289




FMR, 0.1570 0.0335 0.0094
TR 0.2604 0.4548 TR, 0.0641 0.0167 0.0292
TR, 0.3080 0.0802 0.1401
TR; 0.1185 0.0309 0.0539
TRy 0.5093 0.1326 0.2316
CIR 0.1386 0.0994 CIR,; 0.2531 0.0351 0.0252
CIR; 0.1297 0.0180 0.0129
CIR; 0.5383 0.0746 0.0536
CIR, 0.0790 0.0109 0.0079
1055

1056
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