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Abstract: The Energy Performance Contracting (EPC) industry in China faces many severe risks22

that hinder its development. This study aims at identifying the risk factors in China’s EPC industry,23

developing a generic method for prioritizing these factors and identifying the key risk factors, and24

proposing some policy implications for China’s decision-makers to draft effective measures and25

policies to promote the harmonious development of EPC industry in China. A total of 21 risk factors26

in five categories including external environmental risks, managerial and operational risks, financial27

and market risks, technical risks, and client risks are identified. A best-worst network (BWN)28

method was developed for ranking these risk factors based on the traditional Analytic Network29

Process (ANP) and the BW method. The results determined the BWN method were validated by30

ANP method, and the results determined by the BWN method were also compared with that31

determined by Analytic Hierarchy Process (AHP) method. According to the results, some policy32

implications have also been proposed for China’s decision-makers.33

34

Keywords: Energy Performance Contracting; Analytic Network Process; Best-Worst method; risk35

factors36

37

38

39

40

41

42

43

44

45



1. Introduction46

As the world’s largest developing country, China has experienced unprecedented economic47

growth, which has been accompanied by increasing energy consumption. In the past decades,48

China’s energy consumption increased from 2.61 billion tons of coal equivalent (tce) in 2005 to49

4.26 billion tce in 2014 [1] with an annual growth rate of 6.6 percent [2]. With this rapid growth rate,50

China surpassed the US to become the largest energy consumer in the world in 2010 [3]. In addition,51

China has also consumed the largest share of energy globally, accounting for more than 60% [2].52

The massive consumption of fossil fuels in China has also been criticized for leading to serious53

energy waste and environmental pollution [4]. Zhang et al. [5] pointed out that the economic growth,54

energy consumption, and emissions in China interact and are interdependent. About two-thirds of55

China’s energy consumption comes from the industry sector [6]. China’s industry sector consists56

primarily of small and inefficient factories, most of which were constructed in the 1990s, when they57

contributed significantly to China’s energy consumption [7]. Accordingly, China implemented a58

variety of policies and programs for energy-saving and energy intensity improvement [8]. However,59

decades later, these old facilities and equipment were still in use and were highly inefficient [9].60

Furthermore, due to the coal-dominated energy mix, China suffers from serious air pollution [10].61

During the past several years, urban citizens in northern China have encountered a serious smog62

problem with an annual average concentration of PM 2.5 as high as or greater than 100 μg/m3 [11].63

In order to tackle ever-growing energy consumption and the related issues and achieve energy64

efficiency, scholars and policy-makers have proposed various types of solutions [12]. These65

solutions include energy storage technologies [13-15], carbon monitoring and management [16-18],66

and the utilization of renewable energy sources [19-21]. Helping the decision-makers/policy-makers67

to promote the development of sustainable energy is of vital importance [22]. There are various68

methods to improve energy efficiency as there are various factors affecting energy efficiency [23].69



Among these methods, energy performance contracting (EPC) was introduced as a market70

mechanism to deliver energy efficiency projects to specialized energy service providers, which can71

help to reduce energy and monetary waste [24]. EPC was recognized as a way to achieve both72

energy-saving and energy efficiency improvement for the building energy efficiency retrofit project73

[25].74

An Energy Service Company (ESCO) is the provider of EPC, which originated in North America75

in the late 1970s and early 1980s [26] and now has been popularized in most industrialized76

economies, as well as many developing countries [27]. The model of EPC was introduced to China77

in the late 1990s, when the Chinese government and the World Bank conducted a key international78

cooperation project in the field of energy conservation and management [28]. Subsequently, ESCOs79

and EPC have undergone tremendous and rapid development in China. Until 2012, more than 200080

ESCOs were providing energy conservation and management services in China [29]. Despite the81

development and progress of EPC and ESCOs that have been made in China, the ESCO industry is82

still quite small in size (around 400 ESCOs in China) and vulnerable to financial and market risks83

(loan amounts usually range from 1 million USD to 6 million USD, and it is usually difficult for84

Chinese banks to appraise these small-size ESCOs) [30]. The EPC business model usually involves85

various complex factors, e.g. energy users’ status, project preferences and external influential86

factors [31]. In addition, contradictions in government policy discourage the development of EPC87

and ESCOs. Though the government has some supportive policies and incentives for ESCO88

development, these policies are of questionable operability and lack a mature mechanism to support89

ESCO development [28].90

Meanwhile, there are usually various challenges and risks in China’s EPC projects which lead to91

the low use rate of EPCs [32] . Zhang et al. [33] found that there are usually various risks in92

China’s EPC projects, e.g., delay in completion, delay in payment, operational risks and uninsured93



loss, etc. Liu et al. [34] revealed that different stakeholders may have different concerns on94

different EPC models and the risks to different stakeholders may also be different. It is necessary to95

have a comprehensive investigation on the influencing factors of EPC such that the decision-makers96

can understand the key problems in the EPC industry and take effective action to promote the97

development of the EPC industry in China. In order to address, mitigate and even eliminate the risks98

in EPC projects, it is necessary to determine the priorities of the risk by ranking these risks for the99

ESCOs [35].100

There are increasingly numerous studies investigating the barriers and risk factors of EPC.101

Garbuzova-Schlifter and Madlener [36-37] conducted a comprehensive analysis of risk analysis of102

EPC projects in Russia, and the Analytic Hierarchy Process (AHP) was used to rank these risk103

factors in terms of their roles in EPC projects. Van Heijs et al. [38] identified the key aspects of104

building design, building energy systems and occupant behavior which can effectively influence the105

KPIs (Key Performance Indicators) of EPC, and they used scenario analysis to construct methods106

for reducing financial risks in ECSOs. Yang and Chou [39] discussed the five critical challenges107

that exist in executing energy-saving performance contracts (ESPC), and they also proposed some108

lessons and implications for achieving better performance in ESPC projects. Yeatts et al. [40]109

summarized the barriers to the use of energy-efficient technologies in building, and produced a110

comprehensive review of strategies for overcoming these barriers. Lee et al. [41] identified the111

critical risks in EPC projects in Hong Kong and the concerns of the building owners through a112

questionnaire survey. Similarly, ESCOs in China encounter various kinds of risks and barriers,113

which hinder the development of EPC and block improvement in energy efficiency. Many studies114

also focused on promoting the development of EPC in China. For instance, Yuan et al. [42]115

systematically examined the evolution of policies, regulations, laws and plans for promoting the116

development of EPC in China. Qin et al. [43] employed the multi-criteria decision making method117



to select the best energy performance contracting business models in China among the share saving118

model, the guaranteed model, the energy cost-trust model and the financial lease model by119

considering the criteria in four dimensions including the project itself, the energy user, the ESCO,120

and the external environment.121

This paper aims to identify barriers and risks and analyze how these risk factors and barriers122

discourage the adoption of EPC in China while also attempting to identify solutions to remove these123

barriers, promote the development of ESCOs, and improve energy efficiency in China. AHP is the124

most commonly used method for determining the relative weights of the barriers and risks of EPC125

quantitatively, but it cannot address the independence or interactions among these barriers and risks.126

Therefore, ANP (Analytic Network Process), which can address independence and interactions127

among the criteria/factors, is usually employed to calculate the relative weights of these128

criteria/factors. However, this approach still has a severe disadvantage. There are n(n-1)/2 times the129

number of comparisons when there are n criteria/factors. For instance, users need to compare 10130

times the number of comparisons when there are 5 barriers and risks. The best-worst network131

(BWN), which can not only address the independence and interactions among the barriers and risks132

but also reduce the number of comparisons compared to AHP and ANP, was developed to determine133

the relative weights of the barriers and risks in this study.134

The methodological framework of analyzing the risk factors in China’s energy performance135

contracting industry is presented in Figure 1. The risk factors that exist in China’s EPC industry136

were first summarized based on a literature review and focus group meeting; BWN was137

subsequently employed to determine the relative weights of these risk factors. An analytic network138

process was later employed to validate the results and compare the results determined by best-worst139

network method and analytic network process (ANP) with those determined by an analytic140

hierarchy process (AHP); finally, certain policy implications were proposed for promoting the141



development of China’s EPC industry.142

143

2. Barriers and risk factors for EPC144

In order to investigate the barriers and risk factors in China’s EPC industry, a focus group145

meeting was conducted on October 26th, 2016 at Chongqing University, Chongqing, China. One of146

our authors served as the coordinator of this focus group meeting. There were nine people invited to147

participate in the focus group meeting: three professors whose research focused on EPC, three148

experts who worked in an EPC company, and three administrators responsible for the EPC industry149

from the local government of China. Based on previous studies [44] and the results of the focus150

group meeting, a group of barriers and risk factors were identified and grouped into five categories:151

external environmental risks, managerial and operational risks, financial and market risks, technical152

risks, and client risks. These risks are presented in Table 1.153

2.1 External environmental risks154

External environmental risks are possible losses caused by external factors, including155

government policy, the economic environment and natural environmental conditions [44]. Therefore,156

three types of external environmental risks are considered in this article: (1) political and legal risk,157

(2) economic risk, and (3) natural environmental risk. The present policies and regulations about158

energy conservation provide few incentives to energy utility companies to implement energy saving159

behaviors [45]. Usually, the government policy changes over time, which may result in risks for160

ESCOs [46]. The performance of ESCOs can also be affected by the macroeconomic environment161

[47]. Energy saving effects can also be influenced by the natural conditions, e.g., weather,162

hydrology, landform and natural hazards [47].163

2.2 Managerial and operational risks164

Managerial and operational risks are usually caused by internal managerial factors and project-165



related factors. Managerial problems can be a lack of professional talent [48], problems with the166

project team [49], decision mistakes, information asymmetry [46], the ability to operate and control167

over project [34], and even the procurement of equipment and materials [50]. The risks from a168

project are mainly caused by the status of the project, i.e., the age and location of building [20]. In169

sum, the managerial and operational risks include the following aspects: (1) strength of the project170

team, (2) decision risk, (3) ability risk, (4) information management risk, (5) procurement risk, and171

(6) construction risk.172

2.3 Financial and market risks173

The financial and market risks for ESCOs are primarily derived from the supply and demand174

situation of the market, price changes, and the channels to raise money. The uncertainty of market175

demand and industry competition can lead to great market risks for ESCOs [44]. The market price176

for human capital, materials and equipment can increase for some unexpected reasons, which may177

lead to an increase in construction costs [51-52], while dropping energy prices can result in an178

overall cost saving effect for the project [53]. It is difficult to survive in a fierce market for small179

ESCOs that cannot get abundant financial support [54-55]. Since most ESCOs in China are small180

and medium enterprises (SMEs), and they have a very small chance to get a loan from the bank [28].181

Even if they can get some financial support, they will usually face a high interest rate [51]. In this182

research, the following risk factors are considered to be market and financial risks: (1) risk of183

market competition, (2) risk of price change, (3) risk of market demand, and (4) high interest rate184

risk.185

2.4 Technological risks186

The ESCO industry in China is still in the initial stage, and these businesses have no example187

with well-round experience and procedures to learn from or listen to [56]. The absence of188

standardized procedure can be a typical technological risk for ESCOs in China. Also, the lack of189



advanced and competitive technologies for improving energy efficiency and the methodology to190

measure and verify energy saving effect hinder the adoption and effect of EPC and the ESCO191

industry in China [28,52]. Four technological risks are included in this paper: (1) Lack of standards192

for implementing EPC, (2) advanced technology and equipment risk, (3) project quality risk, and (4)193

energy-saving measurement and verification risk.194

2.5 Client risks195

The client risks usually originate due to the insufficient communication between ESCOs and196

their clients. Client risks can result from different reasons. For example, the client may not be197

satisfied with the energy saving effect, there may be something that ESCOs and their clients198

overlooked in their contracts, and clients may fake the energy information of the project [57]. Three199

kinds of client risks are considered in this study: (1) Client awareness risks: a client’s negative200

response to ESCOs caused by fear of decreased revenues or a lack of interest. (2) Contract risks:201

risk caused by an incomplete contract. (3) Credit risk: risk resulting from a client refusing to202

implement the contract or complete the payment. (4) Business risk: non-effective energy savings203

and low energy efficiency caused by improper operations and mistakes in business management.204

After determining these risks, it is still difficult for the stakeholders to use niche targeting205

measures and implications to mitigate these risks when the funding is limited. These risks in the206

EPC industry can be ranked from the most important to the least. After that step, we can propose207

corresponding measures and strategies to help mitigate the critical risks effectively. The methods for208

ranking these risks are presented in section 3.209

210

3. Methods211

ANP is derived from AHP, which was developed by Saaty [58], is different from AHP. AHP212

determines the weights of the criteria by decomposing the complex multi-criteria decision-making213



problem into different levels which may consist of several sub-factors in the established hierarchal214

structure, but usually neglects the interdependences and interrelationships among these sub-factors215

in each level [59]. ANP is modified from AHP to incorporate the interdependences and216

interrelationships among the criteria [60]. Therefore, ANP has been widely used in many fields217

because of this advantage [61]. There are usually two types of ANP methods for determining the218

weights of the criteria. One way is to determine the weights through creating an unweighted super-219

matrix, a weighted super-matrix [62], and a limit super-matrix, and the other way is to determine the220

weights of the criteria based on the matrix operations and perform a pair-wise comparison of the221

criteria on each criterion [59, 63]. Compared with the first method for ANP, the second approach is222

easier to operate. AHP is the foundation of ANP, but there are several drawbacks in AHP, i.e.,223

difficulty in establishing a consistent matrix and too many comparisons when the number of criteria224

is greater than five. For instance, AHP determines the relative weights or priorities of the criteria by225

using the numbers from 1 to 9, and their reciprocals to establish a consistent comparison matrix.226

However, it is usually difficult for the decision-makers to establish a consistent comparison matrix227

as there are usually various types of ambiguity, vagueness, and subjectivity in human judgments.228

Besides these disadvantages, AHP cannot consider the independence and interactions among229

barriers and risks. Although ANP as an improved method of AHP can incorporate the independence230

and interactions among the barriers and risks when determining their weights, it still needs many231

more comparisons and makes it difficult for users to establish consistent comparison matrices.232

The Best-Worst (BW) method as an innovative method and powerful tool for weight determination,233

which is different from and easier than the AHP method, was developed by Rezaei in 2016 [64-65].234

The BW method only needs to determine the relative preferences of the best criterion over all the235

other criteria and that of all the other criteria over the worst criterion to determine the relative236

weights/priorities of the criteria. The BW method has been widely used recently for its advantages237



of easy-operation, good performance on consistency, requirement of less comparison data, and238

production of more reliable results [64]. In this study, the BWN method is developed by integrating239

the BW method developed by Rezaei [64-65] with the traditional ANP. The new BWN method has240

the following innovations:241

(1) The interdependences and interactions among the criteria can be incorporated when242

determining the relative weights/priorities of the criteria;243

(2) The BW method, which needs less times for comparisons and is more consistent compared244

with AHP, was used to substitute AHP used in ANP; and245

(3) The principles of ANP were incorporated into the BWN method.246

The BWN method consists of three steps:247

Step 1: Determining the relative importance (weights) of the factors through the Worst-Best method248

by assuming that there is no dependency among the factors [64-65]. This step consists of four sub-249

steps based on the works of Rezaei [64-65]:250

Sub-step 1: Determining the best (e.g., most desirable or most important) and the worst (e.g., least251

desirable or least important) factors, denoted by Bf and Wf , respectively. The decision-makers in252

this step determine the two extreme factors according to their judgment and rank one as the best and253

the other as the worst. It is worth noting that certain related technological reports, papers, and books254

related to these factors will be provided to these decision-makers such they can make a decision255

about selecting the best and the worst factors.256

In order to illustrate the BW method for determining the relative weights or priorities of the factors,257

an illustrative case was studied. Assuming that there are four factors (f1, f2, f3 and f4), and f2 and f4258

have been recognized as the best and the worst factor, respectively. Then, we can see that B=2, W=4.259

Sub-step 2: Determining the Best-to-Others (BO) vector and the Others-to-Worst (OW) vector.260

The BO vector and OW vector represent the relative preferences of the best over all the other261



criteria and that of all the other criteria over the worst criterion by using the scales used in the Saaty262

method [58], as presented in Table 2. Next, the vector can be obtained, as presented in Eq.1 and263

Eq.2, respectively.264

 1 2B B BnBO a a a  (1)265

 1 2W W nWOW a a a  (2)266

where ( 1, 2, , )Bja j n  and ( 1, 2, , )jWa j n  represent the relative preference of the best criterion267

over the j-th criterion and that of the j-th criterion over the worst criterion.268

It is apparent that when j B , then 1Bja  , and when j W , then 1jWa  .269

As to the illustrative case, if the decision-makers held the view that the relative importance or270

priority of the best factor (name f2) compared with f1, f3 and f4 are ‘essential importance’271

(corresponding to 5), ‘moderate importance’ (corresponding to 3), and ‘absolute importance’272

(corresponding to 9), respectively, then, it could be obtained that273

     1 2 3 4 21 22 23 24 5 1 3 9B B B BBO a a a a a a a a   (3)274

In a similar way, if the decision-makers held the views that the relative importance or priorities of275

f1, f2 and f3 compared with the worst factor (name f4) are ‘between equal importance (corresponding276

to 1) and moderate importance (corresponding to 3)’, ‘absolute importance’ (corresponding to 9),277

and ‘moderate importance’(corresponding to 3), respectively; thus, it could be obtained that278

     1 2 3 4 14 24 34 44 2 9 3 1W W W WOW a a a a a a a a   (4)279

Sub-step 3: Determining the weights of the criteria.280

The optimal weights of the criteria should satisfy the conditions presented in Eqs.5-6.281

( 1,2, , )B
Bj

j

a j n


   (5)282



( 1, 2, , )j
jW

W

a j n



   (6)283

To satisfy all of these conditions, the solution which satisfies the condition that the maximum284

absolute difference is B
Bj

j

a


 and j
jW

W

a



 for all j is minimized. Then, the weights of the285

criteria can be determined by solving the following problem:286

1

minmax ,

. .

1

0, 1,2, ,

jB
Bj jWj

j W

n

j
j

j

a a

s t

j n


 






    
  



 




(7)287

Equation(7) can be transferred into the following problem:288

1

min
. .

, 1, 2, ,

, 1, 2, ,

1

0, 1, 2, ,

B
Bj

j

j
jW

W

n

j
j

j

s t

a j n

a j n

j n



 












  

  



 









(8)289

where B represents the weight of the best criterion, W represent the weight of the worst criterion,290

and j denotes the weight of the j-th criterion.291

The * is the value of the objective function in Equation (8) under the optimum292

conditions *
1 , *

2 , *
3 ,…, and *

n .293

Accordingly, the equation for determining the weights of the factors in the illustrative case can also294

be determined:295



2

1

2

3

2

4

1

4

3

4

4

1

min
. .

5

3

9

2

3

1

0, 1,2, , 4

j
j

j

s t

j



 


 


 


 












 

 

 

 

 



 




(9)296

In solving Equation (9), results can be obtained. The results are * 0.1270  , 1 0.1245  ,297

2 0.6068  , 3 0.2023  , 4 0.0665  .298

Sub-step 4: Consistency check.299

The comparison is fully consistent when ( 1, 2, , )Bj jW BWa a a j n   . However, this ideal300

condition cannot always be achieved due to the ambiguity and vagueness that exists in human301

judgments. The consistency ratio can be calculated for a consistency check, as presented in Eq.10,302

*

CR
CI


 (10)303

where CR represents the consistency ratio, and CI represents the consistency index.304

The consistency index can be obtained according to Table 3, and the value of the consistency ratio305

belonging to the interval  0 1 indicates the consistency level. The closer the value to zero, the more306

consistent the comparison is; contrarily, the closer the value to one, the more consistent the307

comparison is.308



For the consistency check in the illustrative case, 24 9BWa a  , the consistency index (CI) is 3.00,309

thus, the consistency ratio can be calculated as 0.1270 0.0243
5.23

CR   according to Eq.10. The310

solution is near zero, and this implies high consistency.311

Step 2: Determining the inner dependency matrix ( D ) of the factors with respect to each factor.312

The elements of the j-th column vector in matrix D represent the relative effects of all the other313

factors on the j-th factor, and this vector can be obtained through establishing the comparison314

matrix with respect to the j-th factor. Similarly, all the column vectors in matrix D can be obtained.315

12 1

21 2

1 2

1
1

1

n

n

n n

d d
d d

D

d d






   


(11)316

It is worth noting that the i-th row vector represents the relative effect of the i-th factor on the317

other factors, and all of the diagonal elements in matrix D equal 1 according to Ref. [61,66],318

where ijd represents the relative effect of the i-th factor on the j-th factor.319

Step 3: Calculating the inter-dependent priorities of the n factors by Eq.12, then normalizing the320

inter-dependent priorities of the n factors by Eq. 13.321

 '
1 1 2W W , , , nD       (12)322

1 2
1 1 1

W , , ,
n n n

i i n i
i i i

     
  

 
  
 

   (13)323

where 'W represents the weight vector of the inter-dependent priorities of the n factors, and W324

represents the normalized weight vector of the inter-dependent priorities of the n factors.325

326

4. Results and discussion327

328



The proposed BWN method has been employed to prioritize the risks of EPC under China’s329

conditions. The BW method was first used to determine the weights of the risk of five aspects with330

the assumption that these five aspects are independent, the inner dependency matrix of the five331

aspects and, finally, the inter-dependent weights of these five aspects (Stage 1). Next, the local332

weights of the sub-risks in each aspect were also be determined by the BW method in a similar way333

(Stage 2). Finally, the global weights of each of the sub-risks was be determined by calculating the334

product of the local weight of the sub-risk and the inter-dependent weight of the corresponding335

weight which this sub-risk belongs to (Stage 3).336

337

4.1 Inter-dependent weights of these five risk aspects (stage 1)338

Taking the determination of the weights of the risk of five aspects with the assumption that these339

five aspects are independent as an example, the four sub-steps of the BW method were specified as340

follows:341

Sub-step 1: The most important risk aspect and the least important risk aspect of EPC in China342

were also determined in the focus group meeting. Management and operation risk (MOR) and343

Technological risks (TR) were recognized as the most important and the least important aspects,344

respectively.345

Sub-step 2: The relative preferences of the most important aspect (MOR) over all the other aspects346

and the relative preference of all the other aspects over the least important aspect were also347

determined, as presented in Eqs.14-15. Note that EER, FMR, TR, MOR, and ClR are denoted by348

the numbers C1, C2, C3, C4, and C5, respectively. Accordingly, B=4, W=3, and a12 represents the349

relative importance of EER compared with FMR.350

   41 42 43 44 45 3 2 6 1 5BO a a a a a  (14)351

   13 23 33 43 53 2 3 1 6 1OW a a a a a  (15)352



Sub-step 3: Finding the optimal weights of the criteria by solving equation (16)353
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 


 

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








 

 

 

 

 

 

 



 




(16)354

The results are: 0.1401  , 1 0.1586  , 2 0.2216  , 3 0.0775  , 4 0.4540  ,and 5 0.0883  .355

Accordingly, the independent weights of the five aspects can be determined, as presented in Table356

17.357

1

0.1586
0.2216
0.0775
0.4540
0.0883

W

 
 
 
 
 
 
  

(17)358

Sub-step 4: According to 34 6BWa a  , the consistency index (CI) is 3.00, thus, the consistency359

ratio can be determined 0.1401 0.0467
3.00

CR   . As it is close to zero, this implies a very high360



consistency.361

Similarly, the inner dependency matrix for describing the interdependences and interactions among362

these five aspects can be obtained by using the BW method five times to determine the effects of all363

the other four aspects (excluding the studied aspect) on each of the five aspects. Taking the effects364

of the other four aspects (FMR, TR, MOR, and ClR) on EER as an example, FRM and ClR have365

been recognized the most important and the least important aspects that affect EER, the relative366

weights representing the effects of these four aspects on EER can be determined after determining367

the BO vector and the OW vector by using the BW method, as presented in Table 4. In a similar368

way, the effects of the four aspects (EER, TR, MOR, and ClR) on FMR, the effects of the four369

aspects (EER, FMR, MOR, and ClR) on TR, the effects of the four aspects (EER, FMR, TR, and370

ClR) on MOR, and the effects of the four aspects (EER, FMR, TR, and MOR) on ClR can also be371

determined, the inner dependency matrix (matrix D) of the five aspects can be determined and is372

presented in Table 5.373

Next, the inter-dependent weights of the four aspects can be determined according to Eq.12, as374

presented in Eq.18.375

'
1

0.4229
0.3522

W W 0.4361
0.5212
0.2671

D

 
 
 
   
 
 
  

(18)376

Finally, the normalized inter-dependent weights of the five aspects can also be determined377

according to Eq.13, and the results are presented in Eq.19. Thus, the weights of the five categorie,s378

including external environmental risks, managerial and operational risks, financial and market risks,379

technical risks, and client risks, are 0.2215, 0.1761, 0.2181, 0.2607, and 0.1336, respectively.380



0.2115
0.1761

W 0.2181
0.2607
0.1336

 
 
 
 
 
 
  

(19)381

382

4.2 Local weights of the sub-risks in each aspect (stage 2)383

In this stage, the local weights of the risk factors in each of the five categories have been384

determined. Taking the political and legal risk (EER1), economic risk (EER2), and natural385

environmental risk (EER3) in the category of external environmental risks as an example, EER1 and386

EER3 were recognized the most important and the least important risk factors in this category,387

respectively. After determining the BO and WO vectors (  1 2 5BO  and  5 3 1OW  ), the388

local weights of these three risk factors can be determined, as presented in Table 6. Similarly, the389

local weights of the risk factors in each of the other four categories can also be determined (see390

Table 7),.391

392

4.3 Global weights of the sub-risks (stage 3)393

In this stage, the global weights of the risk factors in each of the five categories have been394

determined. The global weight of each risk factor equals the product of the local weight of the risk395

factor and the weight of the category to which the corresponding risk factor belongs. For instance,396

the global weight of the political and legal risk (EER1), which belongs to the category of external397

environmental risks (EER), can be determined: the local weight of the political and legal risk398

(EER1)×the weight of the category of external environmental risks=0.2215×0.5746=0.1273. In a399

similar way, the global weights of the other risk factors can also be determined, as presented in400

Table 7.401



4.4 Discussion402

The cause-effect diagram for risk factors in China’s EPC industry can be determined and is403

presented in Figure 2. According to the relative weights of the five categories, it is apparent that404

technological risks are the most severe followed by external environmental risks, financial and405

market risks, managerial and operational risks, and client risks. Therefore, from a macro perspective,406

mitigating the technological risks of energy performance contracting is the most important task for407

China’s decision-makers. Meanwhile, the decision-makers in China should also pay more attention408

to external environmental risks, and financial and market risks. The corresponding measures and409

strategies that are developed to mitigate the risk in these two categories should also be adopted to410

promote the development of EPC in China.411

In comparing the relative global weights of risk factors, these factors can be categorized into412

three groups: one is the ‘significantly important group,’ including political and legal risk, risk of413

market demand, advanced technology and equipment risk, and energy-saving measurement and414

verification risk, the relative weights of which are greater than 0.1. Another is the ‘moderately415

important group,’ including ability risk, economic risk, credit risk, and risk of price change, whose416

relative weights are between 0.05 and 0.1. The other is the ‘less important group,’ including417

decision risk, procurement risk, high interest rate risk, and the other factors whose relative weights418

are less than 0.05. These results can produce significant insights for China’s decision-makers and419

may contribute to the drafting of effective measures by correctly assigning limited funds for420

promoting the development of EPC in China.421

The BWN method is similar to ANP, as it can incorporate the interdependences and interactions422

among the criteria when determining their relative weights/priorities. In order to validate the BWN423

method, ANP was also employed to determine the relative weights of these 21 risk factors. Taking424

the relative weights of EER, FMR, TR, MOR, and ClR as an example, the comparison matrix can425



be firstly determined, as presented in Table 8. The consistency index (CI) of the comparison matrix426

is 0.0152, and the consistency ratio (CR) can then be determined. The CR is 0.0136, smaller than427

0.10, which means that the comparison matrix can be recognized as a consistent comparison matrix.428

Therefore, the relative weights of EER, FMR, TR, MOR, and ClR are 0.1586, 0.2273, 0.0599,429

0.4548, and 0.0994, respectively.430

The inner dependencies among the five aspects can also be determined. Taking the relative effects431

of the four aspects (FMR, TR, MOR, and ClR) on EER as an example, the comparison matrix is432

presented in Table 9. The consistency ratio is 0.0015, which is smaller than 0.10, and therefore the433

comparison matrix for determining the relative effects of the four aspects (FMR, TR, MOR, and434

ClR) on EER can be recognized as a consistent matrix. Thus, the relative effects of the four aspects435

(FMR, TR, MOR, and ClR) on EER are 0.3936, 0.3936, 0.1375, and 0.0753, respectively.436

In a similar way, the relative effects of the four aspects (EER, TR, MOR, and ClR) on FMR, the437

relative effects of the four aspects (EER, FMR, MOR, and ClR) on TR, the relative effects of the438

four aspects (EER, FMR, TR, and ClR) on MOR, and the relative effects of the four aspects (EER,439

FMR, TR, and MOR) on ClR can also be determined (see Table 10).440

The inner dependency matrix of the five aspects used in ANP can be determined, as presented in441

Table 10. The normalized inter-dependent weights of the five categories including external442

environmental risks, managerial and operational risks, financial and market risks, technical risks,443

and client risks can be determined by Eq.18 and Eq.13, and they are 0.2086, 0.1792, 0.2132, 0.2604,444

and 0.1386, respectively.445

In a similar way, the local weights of the criteria in each of the five aspects can also be446

determined, and the results are presented in Tables 11-15. Following that, the global weights of the447

21 risk factors in China’s EPC industry can be determined by ANP, and the results are presented in448

Table 16. The comparison of the global weights of the 21 risk factors in China’s EPC industry449



determined by BWN, ANP and AHP is presented in Figure 3. It is apparent that the results450

determined by BWN and ANP are very similar, but the results determined by these two methods are451

highly different from those determined by AHP because both the BWN and the ANP can452

incorporate the interdependences and interactions among the risk factors, while AHP recognizes all453

of the factors as independent.454

455

5. Policy implications456

According to the results of this study, the following policy implications may be useful for China’s457

decision-makers:458

(1) China’s administration should focus on mitigating technological risks, external459

environmental risks, and financial and market risks from a macro perspective to improve the460

confidence of all of the stakeholders of energy performance contracting.461

I. For the technological risks, China’s administration should establish thorough462

technological standards and regulations to manage the harmonious development of463

EPC in China. Meanwhile, the special funding should be set for the R&D of464

advanced technologies for energy-saving. For instance, the administration can launch465

some special funding for energy-saving in building sector for managing energy466

efficiency and energy retrofit of buildings. The development of science and467

technology for energy saving is the most important driving factor for assuring the468

effects of EPC and the project quality of EPC.469

II. For the external environmental risks, China’s administration should create complete470

regulations and a legal framework to guarantee that benefits will pass to all471

stakeholders in the value chain of EPC. Rapid economic growth is the most472

important signal of a good economic environment for the investors of EPC; however,473



the slowdown of economic growth recently may cause an investment reduction in474

EPC due to the decrease in opportunities for low-or-zero-interest loans. Accordingly,475

China’s administration should set various financial support policies (i.e. subsidies,476

low-or-zero-interest loans) for the stakeholders in the value chain of EPC to lower477

the investment cost and reduce the payback time. Moreover, China should also478

develop special insurance for the stakeholders in the value chain of EPC to protect479

against risks caused by a natural or environmental disaster.480

III. For the financial and market risks, China’s administration should focus on481

establishing a free and transparent market mechanism to guarantee a steady, free and482

competitive EPC market.483

(2) Resolving the political and legal risk, risk of market demand, advanced technology and484

equipment risk, and energy-saving measurement is the key for the success of the EPC485

industry in China. The best way to accomplish this is for China’s administration to take486

problem-oriented measures: (i) setting up special governmental sectors for governing and487

managing the EPC industry in China; (ii) drafting complete regulation system to regulate the488

EPC industry; (iii) vigorously stimulating market demand and developing market potential;489

(iv) encouraging the R&D of advanced energy-saving technologies; and (v) establishing490

technological standards for energy-saving measurement at a national level.491

492

(3) Mitigating ability risk, economic risk, credit risk, and risk of price change are also important493

for building a harmonious environment for the development of EPC in China. Ability risk494

can be mitigated by adopting advanced energy-saving technologies and accumulating495

engineering and demonstration experience in China’s EPC industry. Thus, the participation496

of foreign and private capital with advanced technologies and plenty of engineering497



experience in energy-saving is significantly important. As for the economic risk, strong498

governmental support in various ways (i.e. subsidies and policies) is a prerequisite. Credit499

risk can be addressed by signing detailed and clear contracts and setting strict regulations500

and laws with serious punishments for violators to safeguard the benefits of the aggrieved501

parties. Price change risk, such as the decrease of energy, can also be effectively lowered by502

signing detailed and clear contracts to state the expected effects of EPC projects with503

consideration towards price change.504

505

506

6. Conclusions507

This study aims to summarize the risk factors in China’s EPC industry, develop a508

framework for prioritizing these factors, identify the key risk factors, and propose several509

policy ideas for China’s decision-makers to draft effective measures and policies to promote510

the harmonious development of the EPC industry in China. A total of 21 risk factors in five511

categories, including external environmental risks, managerial and operational risks,512

financial and market risks, technical risks, and client risks, were identified. The BWN513

method was developed for ranking these risk factors and was based on the traditional ANP514

and the BW method.515

According to the results of the BWN analysis, these five categories were prioritized516

according to their relative importance. The order of importance is: technological risks,517

followed by external environmental risks, financial and market risks, managerial and518

operational risks, and client risks. Then, these risk factors were categorized into three groups519

including a ‘significantly important group’ (i.e., political and legal risk, risk of market520

demand, advanced technology and equipment risk, and energy-saving measurement and521



verification risk), a ‘moderately important group’ (i.e., ability risk, economic risk, credit risk,522

and risk of price change), and a ‘less important group’ (i.e., decision risk, procurement risk,523

high interest rate risk, and the other factors). Some policy implications have also been524

proposed according to the results of the BWN analysis, like proposing China’s decision-525

makers draft effective measures and strategies to promote the harmonious development of526

EPC industry in China.527

The mitigation of the risk factors in China’s EPC industry is complicated, and the528

identification of the critical factors and the investigation of the cause-effect relationships529

among these factors usually involves multiple groups of decision-makers/stakeholders who530

may have different preferences and opinions. Therefore, the authors’ future work is to531

develop a methodology which can incorporate the preferences and opinions of different532

decision-makers/stakeholders and achieve group decision-making when determining the533

relative weights of the risk factors in China’s EPC industry.534

535

Acknowledgement536

This work was financially supported by Henan Province Institution of Higher Learning Youth537

Backbone Teachers Training Program (Grant No. 2016GGJS-036). We would like to thank the538

editor and the anonymous reviewers for their good suggestions and valuable comments. We also539

would like to thank Prof. Lichun Dong and Mr. Xusheng Ren in Chongqing University for their540

help and assistance during the focus group to collect the opinions of the experts on China\s Energy541

Performance Contracting industry.542

543

544

NOMENCLATURE545



Abbreviations546

Analytic Hierarchy Process: AHP547

Analytic Network Process: ANP548

Best-to-Others: BO549

Best-Worst: BW550

Best-Worst Network: BWN551

Consistency Index: CI552

Consistency Ratio: CR553

Client risks: ClR554

External Environmental Risks: EER555

Energy Performance Contracting: EPC556

Energy Service Company: ESCO557

Energy-Saving Performance Contracts: ESPC558

Financial and Market Risks: FMR559

Inner Dependency Matrix: D560

Managerial and Operational Risks: MOR561

Others-to- Worst: OW562

Particular Matter: PM563

Research, Development and Demonstration: RD&D564

Technological Risks: TR565

Superscripts566

 : the optimum value567

Subscripts568

B: best569



Bj: the best criterion over the j-th criterion570

BW: the best criterion over the worst criterion571

jW: of the j-th criterion over the worst criterion572

(1, 2, , )j n  : the j.th573

W: worst574

Symbols575

a : the relative preference576

f : the factor577

 : the weight578

'W : the weight vector of the inter-dependent priorities of the n factors579

W: the normalized weight vector of the inter-dependent priorities of the n factors.580

 : the objective function of programming (8)581
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825

Table 1: Categories and risks for Energy Performance Contracting826

Categories Risks References

EER: External

environmental

risks

EER1: Political and legal risk [19, 27, 28, 30, 36, 37, 38, 39, 40]

EER2: Economic risk [19, 30, 36]

EER3: Natural environmental risk [19, 27]

MOR:

Managerial and

operational risks

MOR1: Completion of project team [19, 30, 36, 37]

MOR2: Decision risk [29, 36]

MOR3: Ability risk [27, 29]

MOR4: Information management risk [29, 36, 40]

MOR5: Procurement risk [29, 37, 38]

MOR6: Construction risk [29]

FMR: Financial

and market risks

FMR1: Risk of market competition [29, 36, 40]

FMR2: Risk of price change [27, 28, 29, 36, 39, 40, 41]

FMR3: Risk of market demand [19, 27, 29, 30, 36, 37, 39, 45]

FMR4: High interest rate risk [29, 39, 45]

TR:

Technological

risks

TR1: Lack of standards for implementing

EPC

[29, 37]

TR2: Advanced technology and equipment

risk

[27, 29, 36, 39, 40]

TR3: Project quality risk [36, 40]

TR4: Energy-saving measurement and

verification risk

[29, 38, 39]

ClR: Client risks ClR1: Client awareness risks [19, 30, 45]

ClR2: Contract risks [19, 27, 25, 36, 39, 40]

ClR3: Credit risk [29, 30, 36, 40]

ClR4: Business risk [29, 39, 40]

827
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831

Table 2: Comparison scale in Saaty method [58]832

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

BWa 1 2 3 4 5 6 7 8 9

Consistency index (max  ) 0.00 0.44 1.00 1.63 2.30 3.00 3.73 4.47 5.23
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Table 4: Relative effects of the four aspects (FMR, TR, MOR, and ClR) on EER868

Most important:FMR-C1 Least important:CR-C4

BO( 1 ja ) 1 1 3 5

OW( 4ja ) 5 5 2 1

Weights 1 2 3 4

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 C1, C2, C3, and C4 , respectively in this table869
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886

Table 5: The inner dependency matrix of the five aspects887

Matrix D EER FMR TR MOR ClR

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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904

Table 6: Local weights of the political and legal risk (EER1), economic risk (EER2), and natural905

environmental risk (EER3) in the category of external environmental risks906

Most important: EER1 Least important: EER3

BO( 1 ja ) 1 2 5

OW( 3ja ) 5 3 1

Weights 1 2 3

0.5746 0.3143 0.1111

Results * 0.1716  , CI=2.30, CR=0.0746

Note: EER1, EER2 and EER3 denotes by C1, C2, and C3, respectively in this table907
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922

Table 7: the global weights of the risk factors in each of the five categories923

Categories Risks Global weights

EER: External environmental risks

(0.2215)

EER1: Political and legal risk (0.5746) 0.1273

EER2: Economic risk (0.3143) 0.0696

EER3: Natural environmental risk (0.1111) 0.0246

MOR: Managerial and operational

risks (0.1761)

MOR1: Completion of project team (0.0544) 0.0096

MOR2: Decision risk (0.2246) 0.0396

MOR3: Ability risk (0.4491) 0.0791

MOR4: Information management risk (0.1088) 0.0192

MOR5: Procurement risk (0.1632) 0.0287

MOR6: Construction risk (0.0947) 0.0167

FMR: Financial and market risks

(0.2181)

FMR1: Risk of market competition (0.0833) 0.0182

FMR2: Risk of price change (0.2500) 0.0545

FMR3: Risk of market demand (0.5000) 0.1090

FMR4: High interest rate risk (0.1667) 0.0364

TR: Technological risks (0.2607) TR1: Lack of standards for implementing EPC

(0.0554)

0.0144

TR2: Advanced technology and equipment risk

(0.3905)

0.1018

TR3: Project quality risk (0.1497) 0.0390

TR4: Energy-saving measurement and

verification risk (0.4044)

0.1054

ClR: Client risks (0.1336) ClR1: Client awareness risks (0.2612) 0.0349

ClR2: Contract risks (0.1689) 0.0226

ClR3: Credit risk (0.4776) 0.0638

ClR4: Business risk (0.0923) 0.0123
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928

Table 8: The relative weights of EER, FMR, TR, MOR, and ClR929

EER FMR TR MOR ClR

EER 1 1/2 3 1/3 2

FMR 2 1 3 1/2 2

TR 1/3 1/3 1 1/7 1/2

MOR 3 2 7 1 5

ClR 1/2 1/2 2 1/5 1

CI=0.0152, CR=0.0136

Weights 0.1586 0.2273 0.0599 0.4548 0.0994
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Table 9: The relative effects of the four aspects (FMR, TR, MOR, and ClR) on EER by AHP943



EER FMR TR MOR ClR

FMR 1 1 3 5

TR 1 1 3 5

MOR 1/3 1/3 1 2

ClR 1/5 1/5 1/2 1

CI=0.0014, CR=0.0015

Weights 0.3936 0.3936 0.1375 0.0753
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Table 10: The inner dependency matrix of the five aspects used in ANP959

Matrix D EER FMR TR MOR ClR



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

ClR 0.0753 0.1542 0.0717 0.2780 1
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Table 11: Local weights of the political and legal risk (EER1), economic risk (EER2), and natural974

environmental risk (EER3) in the category of external environmental risks by AHP975

EER1 EER2 EER3

EER1 1 2 5

EER2 1/2 1 2

EER3 1/5 1/2 1



CI=0.0028, CR=0.0048

Weights 0.5954 0.2764 0.1283
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Table 12: Local weights of the seven risk factors in the category of managerial and operational992

risks (MOR) used by AHP993

MOR1 MOR2 MOR3 MOR4 MOR5 MOR6

MOR1 1 1/4 1/7 1/2 1/3 1/2

MOR2 4 1 1/2 2 2 3

MOR3 7 2 1 4 3 5



MOR4 2 1/2 1/4 1 1/2 2

MOR5 3 1/2 1/3 2 1 2

MOR6 2 1/3 1/5 1/2 1/2 1

CI=0.0161, CR=0.0130

Weights 0.0496 0.2223 0.3998 0.1051 0.1483 0.0748
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Table 13: Local weights of the four risk factors in the category of financial and market risks (FMR)1007

by AHP1008

FMR1 FMR2 FMR3 FMR4

FMR1 1 1/3 1/5 1/2

FMR2 3 1 1/2 2

FMR3 5 2 1 3



FMR4 2 1/2 1/3 1

CI=0.0048, CR=0.0054

Weights 0.0882 0.2720 0.4829 0.1570
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Table 14: Local weights of the four risk factors in the category of technological risks (TR) by AHP1024

TR1 TR2 TR3 TR4

TR1 1 1/5 1/2 1/7

TR2 5 1 3 1/2

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
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Table 15: Local weights of the four risk factors in the category of client risks (ClR) by AHP1041

ClR1 ClR2 ClR3 ClR4

ClR1 1 2 1/2 3

ClR2 1/2 1 1/5 2

ClR3 2 5 1 6

ClR4 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

Table 16: The global weights of the 21 risk factors determined by ANP and AHP1054

Categories Inter-dependent

weights

Independent

weights

Risk factors Local weights Global weights

by ANP

Global weights

by AHP

EER 0.2086 0.1586 EER1 0.5954 0.1242 0.0944

EER2 0.2764 0.0577 0.0428

EER3 0.1283 0.0268 0.0203

MOR 0.1792 0.2273 MOR1 0.0496 0.0089 0.0113

MOR2 0.2223 0.0398 0.0505

MOR3 0.3998 0.0716 0.0909

MOR4 0.1051 0.0188 0.0239

MOR5 0.1483 0.0266 0.0337

MOR6 0.0748 0.0134 0.0170

FMR 0.2132 0.0599 FMR1 0.0882 0.0188 0.0053

FMR2 0.2720 0.0580 0.0173

FMR3 0.4829 0.1030 0.0289



FMR4 0.1570 0.0335 0.0094

TR 0.2604 0.4548 TR1 0.0641 0.0167 0.0292

TR2 0.3080 0.0802 0.1401

TR3 0.1185 0.0309 0.0539

TR4 0.5093 0.1326 0.2316

ClR 0.1386 0.0994 ClR1 0.2531 0.0351 0.0252

ClR2 0.1297 0.0180 0.0129

ClR3 0.5383 0.0746 0.0536

ClR4 0.0790 0.0109 0.0079
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