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Abstract. The establishment of a scientific and effective evaluation index system is essential for 
the healthy development of China’s electricity market. This paper focuses on the effectiveness 
evaluation of the system construction for compliance management. We propose a three-level 
index system of compliance management. Further, the weight of each index is measured by the 
weighting method for group decision based on AHP method. Finally, a modal analysis has been 
made to illustrate the suitability and effectiveness of the proposed framework.  Some suggestions 
on compliance management are provided to ensure the sustainable development and promote the 
electricity market reform in China. 

1. Introduction 
For a long time, China’s power market has been greatly influenced by the vertical integrated regulation 
and the market competition awareness, risk prevention and compliance for electric power companies 
are not strong. With the advancement of new reform in 2015, the trading mode in China’s electric power 
market is becoming more and more complicated. However, the non-compliance cases happen one after 
another, such as price monopoly, market power manipulation and corporate defaults, which lead to the 
distortion and losses inevitably. At the same time, challenged by the increasingly severe overseas 
compliance regulatory environment, China’s step of energy equipment exports and foreign investment 
has to slow down. Therefore, it is necessary for power companies to comply with laws, regulations and 
market rules to deepen the domestic market and expand overseas business. In this context, a scientific 
and effective compliance management system urgently needs to be established for the healthy 
development of power market. To study the compliance management in China’s electricity market, we 
try to propose a three-level index system of compliance management. Further, the weight of each index 
is measured by the weighting method for group decision based on AHP method. The plan of this paper 
is as follows. Section 2 reviews related literature. In section 3, we construct the effectiveness evaluation 
index system for the compliance management in the electricity market. Section 4 discuss the methods 
to calculate the weights of each index, and then conducts a modal analysis. Section 5 concludes. 

2.  Literature Review  
It is obvious that compliance management plays an important role in companies’ development process. 
Up to now, the research on the risk management system of the power market mainly focuses on the 
credit risk, transaction risk and regulatory risk. Siddiqui (2003) found that the power call option could 
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be used to manage risks in the competitive environment. Toyoda et al. (2004) discussed that risk 
assessment would be the key factor for safe operation of power supply system in severe network 
environment. Tang and Yang (2016) thought that with the new development of electricity reform, many 
problems that involving the release of retail side needed to be solved, which made the compliance risk 
management very crucial. Abdin et al. (2017) proposed a new risk assessment method for power grid 
failures under the unified pricing market environment. Li et al (2018) concluded that the credit risk of 
large power consumers was closely related to production and operation risk, transaction credit risk, 
external environment risk and financial risk. Zheng (2018) gave tips on main compliance risks and 
initially explored the scheme for improving the compliance management of power grid companies. Jiang 
(2020) classified the compliance risks faced by power trading institutions, constructed a compliance risk 
model of power trading institutions and used analytic hierarchy process (AHP) to evaluate the 
compliance risks of trading institutions. All in all, the research of compliance management in the power 
market is still limited. As for the evaluation of compliance risk management system, the literature mainly 
focuses on the banking and securities industry. For example, Yang and Zhao (2008) analysed the role 
of compliance risk management in rural cooperative financial institutions. Zhang (2008) analysed the 
main problems existing in the compliance risk management of commercial banks in China. Lagzdins 
(2011) studied the compliance organization structure, reports, compliance culture, the purpose and tasks 
of compliance personnel, and performance and risk assessment of compliance personnel. Wu (2020) 
pointed out the deficiencies of the compliance risk management of commercial banks in China. Liu 
(2020) compared the differences and common points between risk, internal control and compliance 
management. 

Overall, there are few literatures on power market compliance risk management and evaluation. 
However, with the development of power market and tougher national supervision, the importance of 
compliance management has become increasingly prominent. Therefore, how to systematically evaluate 
compliance risk management has become an important issue that needs to be addressed. 

3. Index system of compliance management in electricity market 
Establishing a scientific and effective compliance risk management system is important for the 
implementation of compliance management policies and systems, thus ensuring that business activities 
can meet the requirements of laws and regulations. And this paper tries to evaluate the effectiveness of 
the power market compliance risk management system. An effective evaluation system generally 
includes evaluation objects, evaluation index systems, and evaluation methods. Among them, the 
evaluation index system is the basis and should be selected based on the characteristics of the evaluation 
object in accordance with the principles of system design. Therefore, this paper will focus on building 
the effectiveness evaluation system and calculate the weights of each index. 

The effectiveness evaluation index system for the construction of the electricity market compliance 
management system can be considered from multiple dimensions, mainly including compliance 
management system, business management compliance, electricity market compliance, and major risks. 
Further, the dimensions can be decomposed and a three-level evaluation system for compliance 
management is built in this paper.  

3.1. The index for compliance management system 
The indicators for the compliance management system should have five aspects, including the 
compliance management for organization construction, institutional development, process construction, 
cultural progress and information system construction. More specifically, organization construction 
should be considered in terms of the company’s organizational structure, staffing, and guarantees for 
personnel performance. Further, the institutional development should be considered at the company 
level, management level and employee level. As for process construction, more attention should be paid 
to whether the business process and management process are compliant. The cultural progress focuses 
much on the compliance management culture and training culture. Finally, information system 
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construction mainly refers to the information system on risk control and ensuring information security. 
The specific second grade and third grade indicators are shown in table 1. 

Table 1. The second grade and third grade indexes for compliance management system 

Grade II Grade III 

Organization 
construction  

Whether a compliance management department is established and there is full-time compliance 
management 
Whether the compliance management personnel (including quantity and professional knowledge) 
can meet the requirements of compliance management 
Whether the company establish relevant internal mechanisms to ensure compliance personnel 
perform responsibilities 
Whether the company’s directors, senior managers and department heads have not restricted or 
prevented the compliance department from performing their duties 
Whether the compliance department promptly urge the company to revise and improve relevant 
systems to make business processes in accordance with changes in laws, regulations and standards 

Institutional 
development  

Whether the company’s compliance management system is sound 
Whether the company has established a compliance manual covering all employees 
Whether the company has formulated a implementation plan for compliance management 
Whether the company has formulated compliance management measures or basic systems 
Whether the company has formulated specific rules, including compliance performance evaluation 
rules, compliance risk accountability rules, compliance reporting rules etc. 

Process 
construction  

Whether the company have established standardized business procedures for market registration, 
transactions, settlement, inquiries and responses, and contract signing 
Whether the company has established a compliance management process for risk monitoring, risk 
identification, risk assessment, and risk response 
Whether the company use information technology to achieve a standardized business process 
Whether the company establishes or updates a compliance risk database 

Cultural 
progress  

Whether the company’s senior managers are involved in activities related to compliance culture 
Whether the company has developed and implemented an annual compliance training plan 
Whether the new employee has signed a compliance commitment before entering the job  
Whether the business department conducts compliance training for new staff 
Whether the compliance department has organized special compliance training in accordance with 
regulatory requirements or management needs 
Whether to conduct necessary inspections (such as testing) on the effectiveness of compliance 
training 
Whether the average attendance rate of compliance training is higher than 90% 

Information 
system 

construction 

Whether the company has established an information system related to compliance management 
for risk control 
Whether the information system can realize the collection, analysis, and trace function  
Whether the company takes necessary measures to ensure information the security 

3.2. The indexes for business management compliance 
As for the business management compliance, it includes six third level indexes, and that are the 
management compliance for market entity registration and delisting, electricity trading organization, 
transaction settlement, information disclosure, market service, and trading system. The specific second 
and third grade indicators for business management compliance are shown in table 2. 

Table 2. The second grade and third grade indexes for the business management compliance 
Grade II Grade III 

Whether the trading center has established a public market registration management 
system 
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Market entity 
registration and 

delisting 

Whether the audit procedures of market entities are compliant 
Whether the trading center timely accepts the registration, information change, and 
delisting applications of market entities, and reviews the feedback in time 

Electricity trading 
organization 

Whether there is transaction that are not in accordance with the market rules 
Whether there is dispute caused by the improper or untimely operation of the trading 
center that causes market entities to fail to participate in the transaction 
Whether the transaction settlement and result release are accurate 
Whether there is complaint from market entities caused by that the unrestricted 
transaction result is not cleared in a timely manner  
Whether the trading plan indicators are completed  

Transaction 
settlement 

Whether the prompt rate of issuance of settlement vouchers meets the requirements 
Whether the accuracy of the settlement voucher meets the requirements 

Information 
disclosure 

Whether there is unfair power transaction caused by no timely and accurate 
information disclosure of transaction information  
Whether there is market operation deviation caused by obvious error in the published 
electricity market transaction information  
Whether the information disclosed is accurate and the scope is appropriate 
Whether there is leakage of commercial confidential information and private 
information, leading to the economic losses and customer complaints 
Whether the notices or documents about business adjustments are timely issued to 
market entities 

Market service 

Whether there is misconduct in the service attitude of the personnel 
Whether the trading center has no adequate training on market rules and trading 
product design 
Whether satisfaction rate of market entities is higher than 98% 

Trading system Whether the trading system is operating normally without attack or crash 

3.3. The indexes of the compliance in the electricity market 
The indicators for the compliance management system should be considered from the perspectives of 
market environment and market entity management. Market environment mainly refers to any non-
compliance, such as market manipulation and abnormal price fluctuation. As for market entity 
management, the focus is on the compliance of the market entities, including the compliance of contact 
performance, deviation assessment and so on. Specifically, the second grade and third grade indexes for 
the compliance in the electricity market are shown in table 3. 

Table 3. The second grade and third grade indexes for the compliance in the electricity market 
Grade II Grade III 
Market 

environment 
Whether there is market manipulation 
Whether there is abnormal price fluctuation 

Market 
entity 

management 

Whether the market entities submit the review registration materials on time 
Whether the market contract performance rate meets the standard 
Whether there is no contract dispute 
Whether power generation companies timely issue settlement invoices 
Whether there are too many deviation assessment of the electricity sales company (greater than 
the set threshold) 
Whether there is arrear of electricity users and the payment is made on time after being reminded 
Whether there is major public opinion in the market 
Whether there is market complaint/prosecution 
Whether there is false information provided by market entities 
Whether there is illegal attack on the trading system 

3.4. The indexes of major risks 
The indicators of major risks mainly include lawsuit risk, punishment risk and non-sudden risk. 
Specifically, the second grade and third grade indexes for major risks can be seen in table 4. 
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Table 4. The second grade and third grade indexes for major risks 
Grade II Grade III 

Lawsuit risk Whether no related cases have been prosecuted 
Punishment risk Whether it has not been subject to regulatory penalties 

Non-sudden risk 
Whether there is no sudden risk event and the number of times does not meet the 
requirements (threshold can be set) 

4. Index weighting of effectiveness evaluation system  

4.1. Model construction 
To ensure a scientific and comprehensive evaluation, it is necessary to clarify the importance of 
indicators at all levels. That is, to determine the weight of each indicator based on the above-mentioned 
three level index system. Many methods have been used to calculate the indicator weight and analytic 
hierarchy process (AHP) is a typical one. However, the representative AHP is based on a single expert, 
which may be susceptible to high subjectivity and arbitrariness. Thus, this paper applies the weighting 
method for group decision to determine the optimal weighting of each index. The main idea is that we 
obtain the reasonable range of the indexes based on of the experts by AHP method and then the 
optimization model is built to calculate the combination weight. The specific steps of the combination 
weight calculation are as follows. Moreover, according to the indicator system constructed above, we 
have three levels of indicator layer, namely, first grade, second grade and third grade. This paper 
calculates the weights under each grade respectively and the final weights for the third-grade index is 
the product. 

Step 1: calculate the weight decided by each expert based on the AHP method 
As the expert is professional and has practical work experience, AHP method can be used by the 

expert to decide the weights of the indicator. First, the expert ranks the indicators according to the 
importance in compliance management. And next the following comparison matrix 𝑀௞  can be 
constructed. 

𝑀௞ ൌ ൫𝑚௜௝
௞ ൯

௡ൈ௡
ൌ ቌ

𝑚ଵଵ
௞ 𝑚ଵଶ

௞ ⋯ 𝑚ଵ௡
௞

⋯ ⋯  ⋯
𝑚௡ଵ

௞ 𝑚௡ଶ
௞ ⋯ 𝑚௡௡

௞
ቍ 

The weights of each index are determined based on the comparison matrix. What should be point out 
is that comparison matrix should satisfy consistency to avoid estimation bias. If the consistency test is 
rejected, the comparison matrix needs to be adjusted. Suppose the weight of the 𝑖  factor is 𝜔௜  and 
calculate the maximum eigenvalue meeting 𝐴𝑊 ൌ 𝜆௠௔௫𝑊  and normalized eigenvector 𝑊 ൌ
ሼ𝜔ଵ, 𝜔ଶ, . . . , 𝜔௡ሽ with  ∑ 𝜔௜

௡
௜ୀଵ ൌ 1. The normalized eigenvector is the weights of each index. 

Step 2: consistency check based on index weight 
The weight matrix for p indicators  𝑉௣ൈ௞ determined by k experts is shown as follows.   

𝑉௣ൈ௞=ሺ𝑣௜௝ሻ௣ൈ௞=൮

𝑣ଵଵ 𝑣ଵଶ ⋯ 𝑣ଵ௞
𝑣ଶଵ 𝑣ଶଶ ⋯ 𝑣ଶ௞

⋮ ⋮ ⋯ ⋮
𝑣௣ଵ 𝑣௣ଶ ⋯ 𝑣௣௞

൲ 

Here, 𝑣௜௝ is the weight of 𝑖th index decided by 𝑗th expert. And then, we calculate the weight range 
of the index. The smallest neighbourhood of 𝛿 is the range of expert’s approve. For 𝑖th index,  the range 
of vales acceptable to all experts is in the interval 𝑣௜

ି，𝑣௜
ା]. 

𝑣௜
ି=min(𝑣௜ଵ，𝑣௜ଶ, …, 𝑣௜௞) 

𝑣௜
ା=max(𝑣௜ଵ，𝑣௜ଶ, …, 𝑣௜௞) 

Next, we delete the weight of experts which has not passed the consistency test to determine a 
reasonable range of combination weights. The specific method is as follows. We first reorder the index 
and have 𝑥௜ଵ ൏ 𝑥௜ଶ ൏ ⋯ ൏ 𝑥௜ሺ௞ିଵሻ ൏ 𝑥௜௞ . As the singularity point can only be at the left and right 
endpoints of the interval,  𝑥௜ଵ and 𝑥௜௞ are firstly tested. The way to judge whether a point is a singular 
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is to look at the density of other points in the 𝛿 neighbourhood. Smaller 𝛿 means higher requirement for 
singularity.  The value of 𝛿 is set as 𝑑௜ 2⁄  with 𝑑௜ ൌ 𝑣௜

ା െ 𝑣௜
ି.  If there are no other points in the 𝛿 

neighbourhood of 𝑥௜ଵ, 𝑥௜ଵ can be regarded as a singular point and we should delete 𝑥௜ଵ. And finally, we 
obtain the optimal and reasonable interval ሾ𝑥௜ௗ, 𝑥௜௤ሿ. 

Step 3: calculate the combination weight  
The final combination weight should consider the information given by all experts to ensure that 

group decision-making reflects the idea of the minority subordinating to the majority. The objective 
function of the optimization model is set according to the idea of minimum deviation between the index 
combination weight 𝑤௜ and the expert index weight 𝑣௜௝ . 

min  ∑ ∑ ൫𝑣௜௝ െ 𝑤௜൯
ଶ௞ᇲ

௝ୀଵ  ௣
௜ୀଵ , 𝑘ᇱ ൑ 𝑘 

The constraints for the above optimization issue are as follows. 

        ෍ 𝑤௜

௣

௜ୀଵ
ൌ 1 

𝑥௜ௗ ൑ 𝑤௜ ൑ 𝑥௜௤ , i=1,2,…,p 
Step 4: calculate the comprehensive weight of third-grade index 
We use the mentioned method to calculate the weight of index at each level. And the comprehensive 

weigh of third-grade index is shown as follows. 
w௜ ൌ 𝑤௙௜ ∗ 𝑤௦௜ ∗ 𝑤௧௜ 

Here, 𝑤௙௜ , 𝑤௦௜  and 𝑤௧௜  are the optimal combination weights of corresponding first grade, second 
grade, and third grade indexes. 

4.2. Modal analysis 
To illustrate the suitability and effectiveness of the proposed framework, a modal analysis has been 
made in this section. Three experts are invited to group decision. And the optimal combination weights 
under differ level of indexes are shown in the parentheses of table 5. And the comprehensive weights of 
third grade index is presented in last column. Further, this paper also scores the index based on 
preparation documents, interview, system and data test, questionnaire etc. Combing the scores and 
weight, the final evaluation value of compliance management system in this case is 2.29. It should be 
noted that our analysis framework can be applied to other cases with more experts. 

Table 5. Effective evaluation form of electricity market compliance management System 

Grade I Grade II Grade III Score weight 

Compliance 
management 

system 
(0.47) 

Organization 
construction 

(0.15) 

Whether a compliance management department is established 
and there is full-time compliance management (0.31) 

2 0.02 

Whether the compliance management personnel (including 
quantity and professional knowledge) can meet the 
requirements of compliance management (0.16) 

2 0.01 

Whether the company establish relevant internal mechanisms 
to ensure compliance personnel perform responsibilities 
(0.26) 

2 0.02 

Whether the company’s directors, senior managers and 
department heads have not restricted or prevented the 
compliance department from performing their duties (0.11) 

2 0.01 

Whether the compliance department promptly urge the 
company to revise and improve relevant systems to make 
business processes in accordance with changes in laws, 
regulations and standards (0.16) 

2 0.01 

Institutional 
development 

(0.42) 

Whether the company’s compliance management system is 
sound (0.1) 

2 0.02 

Whether the company has established a compliance manual 
covering all employees (0.06) 
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Grade I Grade II Grade III Score weight 

Whether the company has formulated a implementation plan 
for compliance management (0.16) 

2 0.01 

Whether the company has formulated compliance 
management measures or basic systems (0.26) 

2 0.03 

Whether the company has formulated specific rules, 
including compliance performance evaluation rules, 
compliance risk accountability rules, compliance reporting 
rules etc. (0.42) 

2 0.05 

Process 
construction 

(0.27) 

Whether the company have established standardized business 
procedures for market registration, transactions, settlement, 
inquiries and responses, and contract signing (0.47) 

2 0.08 

Whether the company has established a compliance 
management process for risk monitoring, risk identification, 
risk assessment, and risk response (0.28) 

3 0.06 

Whether the company use information technology to achieve 
a standardized business process (0.15) 

3 0.04 

Whether the company establishes or updates a compliance 
risk database (0.1) 

2 0.02 

Cultural 
progress 
(0.06) 

Whether the company’s senior managers are involved in 
activities related to compliance culture (0.04) 

2 0.01 

Whether the company has developed and implemented an 
annual compliance training plan (0.13) 

2 0 

Whether the new employee has signed a compliance 
commitment before entering the job (0.1) 

2 0 

Whether the business department conducts compliance 
training for new staff (0.3) 

2 0 

Whether the compliance department has organized special 
compliance training in accordance with regulatory 
requirements or management needs (0.35) 

1 0.01 

Whether to conduct necessary inspections (such as testing) on 
the effectiveness of compliance training (0.05) 

1 0.01 

Whether the average attendance rate of compliance training  
is higher than 90% (0.03) 

1 0 

Information 
system 

construction 
(0.1) 

Whether the company has established an information system 
related to compliance management for risk control (0.54) 

1 0 

Whether the information system can realize the collection, 
analysis, and trace function (0.3) 

4 0.02 

Whether the company takes necessary measures to ensure 
information the security (0.16) 

3 0.01 

Business 
management 
compliance 

(0.28) 

Market 
entity 

registration 
and delisting 

(0.17) 

Whether the trading center has established a public market 
registration management system (0.3) 

3 0.01 

Whether the audit procedures of market entities are compliant 
(0.54) 

4 0.03 

Whether the trading center timely accepts the registration, 
information change, and delisting applications of market 
entities, and reviews the feedback in time (0.16) 

4 0.01 

Electricity 
trading 

organization 
(0.29) 

Whether there is transaction that are not in accordance with 
the market rules (0.16) 

2 0.01 

Whether there is dispute caused by the improper or untimely 
operation of the trading center that causes market entities to 
fail to participate in the transaction (0.26) 

2 0.01 

Whether the transaction settlement and result release are 
accurate (0.42) 

2 0.02 
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Grade I Grade II Grade III Score weight 

 

Whether there is complaint from market entities caused by 
that the unrestricted transaction result is not cleared in a 
timely manner  (0.1) 

2 0.03 

Whether the trading plan indicators are completed (0.06) 2 0.01 

Transaction 
settlement 

(0.17) 

Whether the prompt rate of issuance of settlement vouchers 
meets the requirements (0.33) 

2 0 

Whether the accuracy of the settlement voucher meets the 
requirements (0.67) 

5 0.02 

Information 
disclosure 

(0.1) 

Whether there is unfair power transaction caused by no timely 
and accurate information disclosure of transaction 
information (26) 

5 0.03 

Whether there is market operation deviation caused by 
obvious error in the published electricity market transaction 
information (0.16) 

3 0.01 

Whether the information disclosed is accurate and the scope 
is appropriate (0.42) 

2 0 

Whether there is leakage of commercial confidential 
information and private information, leading to the economic 
losses and customer complaints (0.1) 

2 0.01 

Whether the notices or documents about business adjustments 
are timely issued to market entities (0.06) 

2 0 

Market 
service 
(0.17) 

Whether there is misconduct in the service attitude of the 
personnel (0.16) 

1 0 

Whether the trading center has no adequate training on 
market rules and trading product design (0.54) 

3 0.01 

Whether satisfaction rate of market entities is higher than 
98% (0.3) 

3 0.03 

Trading 
system 
(0.1) 

Whether the trading system is operating normally without 
attack or crash (1) 

4 0.01 

Compliance 
in the 

electricity 
market 
(0.16) 

Market 
environment 

(0.33) 

Whether there is market manipulation (0.67) 10 0.03 

Whether there is abnormal price fluctuation (0.33) 5 0.04 

Market 
entity 

management 
(0.67) 

Whether the market entities submit the review registration 
materials on time (0.04) 

5 0.02 

Whether the market contract performance rate meets the 
standard (0.26) 

1 0 

Whether there is no contract dispute (0.21) 1 0.03 
Whether power generation companies timely issue settlement 
invoices (0.15) 

1 0.02 

Whether there are too many deviation assessment of the 
electricity sales company (greater than the set threshold) 
(0.11) 

1 0.02 

Whether there is arrear of electricity users and the payment is 
made on time after being reminded (0.08) 

1 0.01 

Whether there is major public opinion in the market (0.04) 1 0.01 
Whether there is market complaint/prosecution (0.07) 1 0 
Whether there is false information provided by market 
entities (0.02) 

1 0.01 

Whether there is illegal attack on the trading system (0.02) 1 0 
Major risks 

(0.1) 
Lawsuit risk 

(0.3) 
Whether no related cases have been prosecuted (1) 1 0 
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Grade I Grade II Grade III Score weight 

Punishment 
risk (0.35) 

Whether it has not been subject to regulatory penalties (1) 4 0.03 

Non-sudden 
risk (0.35) 

Whether there is no sudden risk event and the number of 
times does not meet the requirements (threshold can be set) 
(1) 

4 0.03 

5. Conclusion and suggestion 
The smooth operation of the electricity market depends much on the compliance management. Therefore, 
the establishment of a scientific and effective evaluation index system is essential for the healthy 
development of China’s electricity market. This paper focuses on the effectiveness evaluation of the 
system construction for compliance management in the electricity market. In this paper, a three-level 
index system of compliance management is proposed. Further, the weight of each index is measured by 
the weighting method for group decision based on AHP method. Finally, a modal analysis has been 
made to illustrate the suitability and effectiveness of the proposed framework. Based on the above 
conclusions, we have the following recommendations. First, it is necessary to raise the barriers to 
entrance in the electricity market. Relevant agencies should establish a strict market access mechanism, 
adhere to the principle of “putting quality before quantity”. Further, only when the corresponding 
standards are met can they be allowed to enter into this market. Second, supervision and guidance of 
enterprises should be enhanced. Regular assessments of companies need to be made in the electricity 
market. The companies which cannot stratify the requirements of compliance management for a long 
time can be included in the blacklist and should be punished.  
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