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Abstract: With the new round of power industry reform in China, the Power Market Management Committee (PMMC) came
into being as an autonomous deliberation and coordination body. PMMC plays a bridge role in power market operation, but its
operating mechanism is still in the exploratory stage. Research on how to effectively play the functional role in the power market
and avoid the effectiveness of the risk is still blank. In order to scientifically identify and evaluate the operational risks of the
PMMC and provide guidance and reference for its operation in the electricity market, the article focuses on its responsibilities
and procedures, and benchmarks with similar institutions at home and abroad. The traditional FMEA method is applied to
analyze the potential risk causes and consequences of PMMC operation, and nine potential risk factors are extracted, then the
initial weights of the risk factors were determined by combining the subjective and objective weighting methods with the
intuitionistic fuzzy set FMEA method, then the TOPSIS-GRPM method is used to calculate the gray correlation projection
closeness, and the final weight of the risk factor is determined. From the evaluation results, it can be seen that the risk of
members' composition, professional ability and authority and responsibility allocation are of high level, and need to be focused
on prevention and control. Finally, effective measures to avoid and prevent PMMC are put forward to provide reference for the
safe and efficient operation of PMMC in China.
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1. Introduction
The construction of China's electricity market is constantly
advancing. In the Opinions on the Establishment and
Standardized Operation of Electric Power Trading
Institutions issued in 2015, the state clearly pointed out that
the power market management committee composed of power
grid enterprises, power generation enterprises, power selling
enterprises, power users and so on should be established [1].
Subsequently, each province has set up PMMC and explored
its operation mode.
From the operation practice of international mature
electricity market, there are market management,
recommendation committees or similar functions in each
country or region market, and they play an important role in

the normal operation of electricity market. Such institutions
are usually composed of various market members, dispatching
agencies, government departments and so on. Their duties are
to negotiate and deal with the important issues of the operation
of power trading institutions and market operation. For
example, the Nordic Power Trading Agency's User
Recommendation Committee, the member committee of PJM
in the United States and the Australian Energy Market
Committee (AEMC), etc [2].
At present, China's electricity market is in the primary stage
of construction, and all kinds of market players play games to
seize the reform dividend. This paper makes a comparative
analysis of the similarities and differences in the nature and
responsibilities of PMMC and similar international
organizations. Then, puts forward the necessity of studying
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the operational risk of PMMC. First, PMMC is a
self-governing deliberative and coordinating body which is
seted up for the reform of the electric power system. It is
different from the supervisory authority and has no
decision-making power but only the right of suggestion.
Second, it is closely related to market participants, trading
centers and dispatching agencies. It plays an important role in
collecting market participants' opinions, deals with
contradictions between market participants, and coordinats
the relationship between market participants and government
supervision, as well as stabilizs the market and building the
electricity market. Third, because its operation mechanism is
not perfect, there are many uncertainties in the operation
process to be clarified, and the scope of its role is sensitive.
Therefore, it is of great significance to effectively identify the
potential operational risks for improving the operation
efficiency of power market and PMMC.
In recent years, most of the researches on the power market
risk are concentrated on the power grid operation, the power
market or the power market risk [3-5]. The article [6-7] studies
the power transaction management based on the risk
management theory and establishes the power industry risk
system. Castro M. assessed the risk profile of UK power
supply security [8]. Kaijian He proposed a risk value model
based on empirical mode decomposition to estimate the
downside risk measurement of power market [9]. Wang X
establishes a credit risk index system for large users, and
evaluates the credit risk of large user transactions [10].
According to the above research, it can be seen that the
research methods adopted by scholars, such as stochastic
programming, empirical mode decomposition, and risk value
model, have higher requirements for historical data quantity
and accuracy, and have not yet analyzed the operational risk of
PMMC in China. Based on this, the paper obtains PMMC's
operational risk index system from two aspects of operation
and personnel and organizational structure through FMEA
analysis. It uses intuitionistic fuzzy FMEA method and
TOPSIS-GRPM method to analyze PMMC's operational risk
systematically, determine the importance of risk index, and
puts forward effective evasion and preventive measures.

operation are identified, and the causes and consequences of
the risks are analyzed. A complete "PMMC operation risk
mode analysis table" is established. Then the risk modes under
the influence of three risk factors, occurrence (O), severity (S)
and detection (D), are evaluated by using intuitionistic fuzzy
method. The intuitionistic fuzzy FMEA method can
comprehensively reflect the potential causes and possible
consequences of risks and evaluate them, so it is suitable for
this study.
Technique for Order Preference by Similarity to Ideal
Solution (TOPSIS), is a ranking method for comprehensive
evaluation of indicators. Firstly, considering the influence of
different risk modes, the number of ideal solutions of
traditional TOPSIS method will be affected by the number of
risk modes, and the calculation of the Euclidean distance
between risk modes and positive/negative ideal solutions is
heavy [12]. Secondly, when using the traditional grey
relational analysis method to analyze specific problems, the
method only correlates the feasible scheme with the positive
ideal solution, and can't correlate the evaluation scheme with
the positive and negative ideal reference sequence at the same
time, which leads to the low reliability of the results [13].
Thirdly, in the application of vector projection method, data in
high-dimensional space are usually transformed into data in
low-dimensional space through projection, which can reduce
the computational difficulty. However, the premise of this
process is that there is an appropriate and ideal reference
object or standard, so it needs to be combined with other
methods in the evaluation method to overcome this
shortcoming. TOPSIS-Grey Relational Projection Method
(TOPSIS-GRPM) can collect the advantages of a single
evaluation method [12-13], form a variety of feasible schemes
on the basis of effective use of objective sample data, help to
compare schemes, make up for the shortcomings of a single
evaluation method, and make the evaluation results more
scientific and reasonable.
The Operational risk identification of PMMC is a
multi-objective decision-making problem. Considering the
nature of its work, the index system contains a lot of grey
information. Therefore, TOPSIS-GRPM method has good
applicability to this study.

2. Model of PMMC Operational Risk
Analysis

2.2. Risk Recognition and Intuitionistic Fuzzy Assessment

2.1. Establishment of PMMC Operational Risk Analysis
Model
Failure Modes and Effect Analysis (FMEA) are used for
accident prevention analysis in the protection mechanism
system [11]. The FMEA method is used to analyze every
potential failure mode, potential failure consequence and
potential failure cause of the system. It can effectively identify
the risk, and then identify the key elements and weak links of
the system. It can provide design basis for improving control
measures and emergency management plan before the
occurrence of risk accidents.
Through FMEA method, the potential risk modes of PMMC

Firstly, the operational risk model of PMMC is analyzed
and its operational risk is extracted. Then the steps for clearly
evaluating the necessary information are as follows.
(1) Definition of experts, risk factors and risk models.
The expert evaluation team of PMMC risk is composed of s
experts Ek (k = 1, 2,...s ) . Considering the difference between
expert knowledge system and professional field, experts are
divided into s priority levels, and the evaluation information
given by experts with higher priority levels is given priority in
risk assessment. Assuming that the evaluation information of
expert E1 has the highest priority level, the evaluation
information of expert Es has the lowest priority level.
By focusing on the operation of m potential risk modes
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( RF j ( j = 1, 2,...n) ) under the influence of n risk factors
( FM i (i = 1, 2,...m) ) and the impact of risk factors on the final
risk mode ranking results, linguistic variables are used by
expert team to give evaluation information. The evaluation
results are transformed into corresponding intuitionistic fuzzy
numbers by the rules of transformation of linguistic variables.
The intuitionistic fuzzy evaluation matrix of risk mode given
by Ek is expressed as Rɶ k = (αɶij(k) )m×n , and the linguistic

1
d (αɶ1 , αɶ 2 )= ( µ1 − µ2 , υ1 − υ2 + π1 -π 2 )
2

of risk factor RF j can be expressed as

=

(k)
(k)
( µij ,υij )

evaluation matrix Wɶk = (αɶ ij(k) )1×n , the linguistic evaluation
information of the importance of risk factor RF j is expressed
(k)
(k)
(k)
by αɶ j = ( µ j ,υ j ) , the objective and subjective weights of

risk

factors

are

expressed

by

ω Oj ( j = 1, 2,...n)

and

ω Sj ( j = 1, 2,...n) respectively.
(2) Definition of Intuitionistic Fuzzy Language Variables
and Intuitionistic Fuzzy Numbers.
The risk model of the system is unstable in actual operation.
It is difficult for experts to give accurate evaluation results
when evaluating different risk models under the influence of
different risk factors. The difficulty can be reduced by
evaluating intuitionistic fuzzy language. According to the
following rules, the linguistic evaluation variables given by
experts are transformed into intuitionistic fuzzy numbers, as
shown in Table 1 [14].

Assuming

X

a

non-empty

set,

then

Aɶ = {<x;µ Aɶ ( x ), υ Aɶ ( x )>|x ∈ X } is an intuitionistic fuzzy set.

Where µ Aɶ (x) is the membership degree of element x in X,
expressed as µ Aɶ ( x ) : X → [0,1] , υ Aɶ ( x) is non-membership
degree, expressed as
0 ≤ µ Aɶ ( x ) + υ Aɶ ( x) ≤ 1 ,

υ Aɶ ( x ) : X → [0,1] ,

and satisfies

αɶ =(µ ,υ )

2

(1 + µ − υ )

abbreviated as
is an
intuitionistic fuzzy number.
Assuming that αɶ1 =(µ1 , υ1 ) and αɶ 2 =(µ 2 , υ2 ) are arbitrary
two intuitionistic fuzzy numbers, the Hamming distance
between αɶ1 and αɶ 2 is expressed by formula (1):

(2)

(3) Determination of Intuitionistic Fuzzy Comprehensive
Evaluation Matrix.
Because the index is divided into cost type and benefit type,
the intuitionistic fuzzy number can be transformed by formula
(3).
αɶ ij(k) = ( µ ij(k) , υij(k) ), j ∈ Benefit -based risk factors
αɶ ij*(k) = 
(3)
(k)
(k)
(k)
 Neg (αɶ ij ) = (υij , µij ), j ∈ Cost -based risk factors

In order to ensure the accuracy of the results and determine
the priority level of expert evaluation information, the IFPWA
operator is applied to this kind of problem in document [16]
and the results are satisfactory. The intuitionistic fuzzy
number transformed by IFPWA operator can be expressed by
formula (4):
IFPWA(αɶ ij*(1) , αɶ ij*(2) ,...αɶ ij*(s) ) = αɶ ij

= (1 −

Intuitionistic Fuzzy Numbers
(0.025,0.900)
(0.075,0.850)
(0.150,0.750)
(0.350,0.550)
(0.500,0.500)
(0.550,0.350)
(0.750,0.150)
(0.850,0.075)
(0.900,0.025)

is

1

s

Table 1. Language variables for evaluating risk model weights.
Linguistic variables
Extremely low (EL)
Very low (VL)
Low (L)
Medium low (ML)
Medium (M)
Medium high (MH)
High (H)
Very high (VH)
Extremely high (EH)

s(αɶ ) =

. And

the weight of risk factor is expressed by intuitionistic fuzzy

(1)

For any intuitionistic fuzzy number αɶ =(µ ,υ ) , its scoring
function s(αɶ ) can be sorted out and transformed by operator
of Intuitionistic Fuzzy Prioritized Weighted Averaging
(IFPWA). Referring to the revision of scoring function in
reference [15], s(αɶ ) can be expressed by formula (2).

evaluation information of risk mode FM i under the influence
αɶij(k)
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∏ (1 −

µij*(k) )

k =1

Tk

Tk

s

s

∑T

s

k

k =1

,

∏

*(k)
(υij )

(4)

∑T

k

k =1

)

k =1

k −1

Where Tk =

∏ s(α

*(k)
ij )(k

= 2, 3,...s), T1 = 1 .

t =1

2.3. Modeling of Units in Virtual Power Plants
The comprehensive weights of risk factors are determined
from both subjective and objective aspects. Then the
comprehensive weighting method combined with expert
evaluation method and deviation maximization model
method is applied to calculate the weights, which can
overcome the shortcomings of traditional FMEA method that
does not consider the weights of risk factors. The specific
steps are as follows:
(1) Assessment of the importance of risk factors.
According to the linguistic variables defined in Table 1,
experts give the weight evaluation information of risk factors
on the basis of considering the impact of risk factors on the
final ranking results of risk models. Then the intuitionistic
fuzzy evaluation matrix Wɶk = (αɶ (k)
j )1× n of risk factor weight is
obtained, and the weight information of expert risk factor is
collated by IFPWA operator, that is:
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ɶ (2) ɶ (s)
ɶ
IFPWA(αɶ (1)
j , α j ,...α j ) = α j
s

= (1 −

∏ (1 −

µ (k)
j )

Tk

Tk

s

s

∑T

s

k

k =1

,

k =1

∏

(k)
(υ j )

(5)

∑T

k

k =1

)

k =1

k −1

Where Tk =

∏ s(α

(k)
j )(k

= 2, 3,...s), T1 = 1 .

t =1

specific steps are as follows:
(1) Determine the definite value of risk factors and the
positive and negative ideal solutions of risk model.
The explicit value of the risk model under the influence of
risk factors is expressed in bij = s (α ij ) . Considering that the
original evaluation data may have different dimensions, the
linear proportional method is used to dimensionless process
the index values, and the explicit value matrix is expressed by
expression (10).

Then the intuitionistic fuzzy comprehensive evaluation
matrix of risk factor weight is obtained and expressed by
Wɶ = (αɶ j )1× n .
(2) Calculation of subjective weights of risk factors.
Combining formula (2), the scoring function value s (αɶ j ) of
risk factor weight information is obtained, and then the
subjective weight of risk factor is determined, which is
expressed by formula (6).
ω Sj

=

b11 ⋯ b1n 
 ⋱ ⋮


bm1 ⋯ bmn 

B= ⋮

Positive and negative ideal solutions are represented by B +
and B − , respectively, as shown in formula (11).
+
B + = (b01
,..., b0+ j )

s (αɶ j )

∑

n
j =1

s (αɶ j )

Evaluation Matrix Rɶ k = (αɶij(k) )m×n , a model for maximizing the
total deviation of risk model evaluation information is
constructed, which is expressed by formula (7).

b0+ j = max bij
.
Where  −
b0 j = min bij
(2) Determination of positive and negative ideal grey
correlation coefficient matrix.
The sequence of ideal solutions can be expressed as
*

∑∑∑

max

O
d (αɶ ij , αɶ lj )ω j

(7)

j =1 i =1 i ≠ l
n

Where

∑ (ω

O 2
j )

{

B = b01 ,..., b0 j

m

= 1, ω j ≥ 0, j = 1, 2,...n
O

*

*

}.

If the positive ideal solution and the

negative ideal solution are taken as two benchmarks
respectively, the correlation coefficient of the i risk model
under the evaluation index of the j risk factor can be expressed
as formula (12):

j =1

min min b0 j − bij + ρ max max b0 j − bij
*

The optimal solution of objective weights of risk factors
are normalized by formula (8).

δ ij =

i

*

j

i

∑∑ d (αɶ
=

∑∑∑

ɶ

, j = 1, 2,... n

(8)

(4) Calculation of comprehensive weights of risk factors.
The comprehensive weight can be expressed by formula
(9).
ωj =

j

O
+ γ 2ω j

ρ ∈ [0,1] . In general, ρ = 0.5 . The grey correlation
coefficient matrix with positive ideal solution and negative
ideal solution as benchmarks are expressed by expression
(13).

d (αɶ ij , αɶ lj )

j =1 i =1 i ≠ l

γ 1ω Sj

(12)

Whereas ρ is the resolution coefficient and satisfies

ij , α lj )

i =1 i ≠ l
n
m

j

b0* j − bij + ρ max max b0* j − bij
i

m

ω Oj

(11)

−
B − = (b01
,..., b0− j )

(6)

(3) Calculation of objective weights of risk factors.
According to Intuitionistic Fuzzy Comprehensive

n

(10)

(9)

Where, γ 1 and γ 2

are the relative importances of
subjective and objective weights, and 0 ≤ γ 1 , γ 2 ≤ 1 .
2.4. Modeling of Units in Virtual Power Plants
The comprehensive weights of risk factors are obtained by
intuitionistic fuzzy FMEA method, and then the
TOPSIS-GRPM method is used to rank the risks finally. The

±

±

R = {δ ij }( m +1)× n

δ 01± ⋯ δ 0±n 
 ±

δ11 ⋯ δ1±n 
=

⋮ ⋱ ⋮ 
δ ± ⋯ δ ± 
 m1
mn 

(13)

Where δ 01+ = δ 02+ = ⋯ = δ 0+n = δ 01− = δ 02− = ⋯ = δ 0−n = 1 .
(3) Weighted Grey Relational Coefficient Matrix.
From the above steps, the weight matrix of risk factor is
W = (ω1 ,...ωn ) , and then the weighted grey correlation
coefficient matrix of positive ideal and negative ideal can be
obtained, as shown in formula (14).
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ω1
 ±
δ11ω1
C ± =R ± ω =
⋮

δ m±1ω1

ωn 

⋯


⋯

⋱
⋮ 

±
⋯ δ mn
ωn 
δ1±nωn

(14)

(4) Gray Relational Projection Method for Calculating
Closeness Degree.
Each risk model can be regarded as a row vector, the risk
model is expressed as fi = (δ i1ω1 ,...,δ inω n ) , and the ideal
solution can be expressed as f i* = (ω1 ,...,ω n ) .
It is assumed that the angle between the risk model and the
ideal solution vector can be expressed as θi , that is, the grey
correlation projection angle. Obviously, the smaller the value
of θi , the greater the projection correlation, and the closer the
risk model to the ideal solution. The projection value fi on
fi

*

is expressed by formula (15).
Yi = fi ⋅ cos θi =

fi ⋅ fi *
f i*

n

=

∑

δ ij

j =1

ω 2j
n

∑ω

2
j

(15)

j =1

Let the weight sequence which can be expressed by
W = {ω1 ,...ωn } be a grey relational projection weight vector,
where:
ω 2j

ωj =

n

∑ω

2
j

(16)

j =1

Then the grey relational projection values of positive and
negative ideal solutions are expressed by formula (17):
±

n

Yi =

∑δ

±
ij ω j

(17)

j =1

By further calculation, the approximation degree of grey
relational projection is obtained, which is expressed by
formula (18).
zi =

Yi

+2

Yi + 2 +Yi − 2

(18)

3. Establishment of PMMC Operational
Risk Indicator System

duty orientation requirements, organization plan, working
rules and current operation status, this paper constructs the
index system from the aspects of internal operation, personnel
and organizational structure, and analyses the potential causes
of risk and the severity of potential risk consequences. After
screening, it mainly includes the following risks:
(1) Aspects of personnel and organizational structure.
Risk of membership, which is likely to occur in determining
the number of subjects, the type of membership and the length
of service, has an important impact on the fairness of
conference resolutions.
Professional competence risk, which is the result of
inadequate competence risk, when the professional working
group in dealing with various tasks.
Risk of initiative in performance, because PMMC members
are part-time and their salaries are still provided by their
original units, which results in the risk of members'
enthusiasm in performing their functions.
Risk of membership exit, which refers to the risk caused by
the absence of a coping mechanism and the absence of
provisions on the withdrawal of members in relevant
documents.
Distribution Risk of Authority and Responsibility, which
refers to the risk caused by improper grasp of the role in
exercising power and performing duties.
(2) Aspect of operation.
Autonomy risk, that is, because of the imperfect supervision
system of power market and the limited support of PMMC
practice, leads to the failure of PMMC autonomy and the risk
of poor coordination with government departments.
Risk of deliberation mechanism, that is, the current
deliberation mechanism cannot play the role of corresponding
functions or deliberation coordination, leading to the failure of
PMMC functions.
Coordination risk, which refers to the risk of market
disorder caused by the failure to coordinate the interests of
various market players.
Risk of Information Leakage, that is, the risk of data
leakage in power market is involved in PMMC work.

4. Application of PMMC Operational
Risk Analysis
4.1. Identify PMMC Operating Risks
The operational risk of PMMC is screened by five experts,
including personnel, organizational structure and operation.
The risk factors are O, S and D, and then the potential risk
models are analyzed by FMEA method, as shown in Table 2.

By the end of 2018, PMMC had been established in 31
provinces/regions in China. Based on the analysis of PMMC's
Table 2. Analysis of PMMC Potential Risk Model.
Risk code
FM1

category
Personnel
and

100

Potential risk model

Potential risk consequences

Risk of membership

Fairness is questioned

Causes of potential risks
Unreasonable allocation of members of each
market body
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Risk code

Potential risk model
Professional Competence
Risk
Risk of initiative in
performance

Potential risk consequences
Lack of reliability in the outcome of the
proceedings

FM4

Risk of membership exit

Incomplete membership

FM5

Distribution Risk of
Authority and Responsibility

FM6

Autonomous risk

FM2

category
organization

Operational Risk Identification of Electric Power Market Management Committee Based on Intuitionistic
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FM3

FM7

operate

FM8
FM9

Inefficiency of proceedings

Risk of deliberation
mechanism
Coordination risk
Risk of Information Leakage

Personnel are unable to exert their
professional advantages or play an
excessive role
Poor coordination with government
departments and coercive interference

Causes of potential risks
Lack or inadequacy of professional competence
in electricity market
Members are part-time staff without reward and
punishment mechanism
Lack of coping mechanism for withdrawal of
members
The distribution of power and responsibility is
unreasonable or unclear
China's electricity market supervision system is
not perfect and lacks practical support.

Invalidation of PMMC Function

Imperfect or immature Deliberative Mechanism

Market disorder
Loss of interest of market participants

Unbalanced Interests of Market Subjects
Personnel leak or information system intrusion

4.2. PMMC Operational Risk Assessment
Nine risks are analyzed by FMEA method, and the processes are as follows:
(1) According to the rules of linguistic variables in Table 1, five experts assessed the operation status of potential operational
risks and the importance of risk ranking under the influence of different risk factors. The evaluation information is shown in
Table 3.
Table 3. Evaluation information of expert linguistic variables.
Risk factor
Expert
Importance of risk factors
FM1
FM2
FM3
FM4
FM5
FM6
FM7
FM8
FM9

O
E1
EH
MH
VH
MH
VL
M
M
M
ML
M

E2
H
H
L
M
VL
MH
H
ML
M
ML

E3
VH
MH
L
M
MH
M
H
L
ML
MH

E4
VH
VH
EH
ML
ML
MH
VH
MH
M
L

E5
H
ML
VH
M
MH
M
MH
MH
ML
ML

S
E1
H
H
EH
H
M
VH
VH
VH
VH
MH

E2
VH
H
EH
M
MH
VH
M
MH
VH
M

E3
H
H
EH
MH
MH
MH
MH
MH
H
M

E4
VH
MH
H
H
H
VH
M
MH
VH
H

E5
EH
EH
H
VH
H
H
H
M
H
M

D
E1
VH
VH
L
M
M
MH
VL
ML
ML
ML

E2
H
H
VH
M
MH
MH
VL
VH
M
ML

E3
H
VH
VH
ML
L
H
VL
VH
ML
ML

E4
EH
EH
ML
ML
MH
ML
L
H
ML
M

E5
H
H
L
M
VL
M
VL
M
ML
ML

According to formula (6-7), the subjective weight vector of

(2) Because O, S and D belong to cost-type risk factors, the
intuitionistic fuzzy number of evaluation can be transformed
according to formula (3), and the intuitionistic fuzzy

risk factor is ω Sj = {0.338, 0.332, 0.330} ; the objective weight

evaluation matrix Rɶ k* = (αɶij(k) )m×n

vector is

of risk mode can be

obtained. Using IFPWA operator to collate the expert
evaluation information, the intuitionistic fuzzy comprehensive
evaluation matrix Rɶ = (αɶ ij ) m×n of risk mode is obtained, as
shown in Table 4.
Table 4. Intuitionistic Fuzzy Comprehensive Evaluation Matrix of Risk
Model.
Risk number
FM1
FM2
FM3
FM4
FM5
FM6
FM7
FM8
FM9

O
(0.298, 0.605)
(0.246, 0.652)
(0.423, 0.562)
(0.738, 0.185)
(0.455, 0.541)
(0.387, 0.586)
(0.539, 0.433)
(0.533, 0.440)
(0.516, 0.500)

S
(0.151, 0.752)
(0.025, 0.900)
(0.229, 0.697)
(0.430, 0.539)
(0.079, 0.847)
(0.152, 0.796)
(0.125, 0.805)
(0.076, 0.849)
(0.399, 0.555)

(3) Calculation of Risk Factor Weight

D
(0.083, 0.840)
(0.538, 0.343)
(0.510, 0.520)
(0.511, 0.490)
(0.339, 0.578)
(0.836, 0.172)
(0.399, 0.501)
(0.537, 0.443)
(0.545, 0.406)

ω j = {0.309, 0.299, 0.399} .
O

Assuming that the

subjective weight and the objective weight are consistent in
the importance of risk model evaluation, then γ 1 = γ 2 = 0.5 , so
the final comprehensive weight of risk factor is
ω j = {0.324, 0.316, 0.360} .
(4) According to formula (10), the definite value matrix B
of expert evaluation can be obtained.
 0.416
 0.357

 0.517

 0.933
B =  0.550

 0.481
 0.664

 0.657
 0.611


0.240 0.146 
0.075 0.718 



0.320 0.595 



0.536 0.613
0.140 0.458 



0.214 1.000 
0.193 0.539 



0.136 0.657 



0.075 0.146 
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Combined with Table 4, the ideal solutions of each failure

102

mode can be obtained, as shown in Table 5.

Table 5. Ideal Solution of Fault Mode.
O
0.933
0.357

Positive ideal solution
Negative ideal solution

S
0.536
0.075

(5) According to the formula (12-13), the grey correlation
coefficient matrix is obtained, which is the benchmark of
positive ideal solution and negative ideal solution.

R + = {δ ij+ }( m +1)× n

R − = {δ ij− }( m +1)× n

1.000
 0.879

1.000

 0.727
 0.426
=
 0.689
 0.775

 0.582
 0.587

 0.627
1.000
 0.452

 0.426

 0.507
1.000
=
 0.527
 0.486

 0.614
 0.607

 0.570

1.000 1.000 
0.721 1.000 



1.000 0.427 



0.635 0.487 
0.481 0.478 



0.868 0.578 

0.716 0.333 



0.783 0.521 



0.497 0.442 
0.875 0.455

1.000 1.000 
0.591 0.330 



0.481 0.602 



0.664 0.513 
1.000 0.525 



0.519 0.441 
0.594 1.000 



0.555 0.481 



0.938 0.575 
0.516 0.555

(6) Computation of Closeness Degree of Grey Relational
Projection
According to formula (14-17), the ideal solution is
*
fi = (0.324,0.316,0.360) , the weight vector of grey projection

value

D
1.000
0.146

of

positive

ideal

solution

is

+ T

(Yi ) = [0.880, 0.779, 0.608, 0.463, 0.700, 0.587, 0.619, 0.623, 0.517] ,

and the grey correlation projection value of negative ideal
solution
is
− T
(Yi ) = [0.448，0.511，0.557，0.817，0.492, 0.718, 0.545, 0.560, 0.683] .
Finally, through formula (18), the grey relational projection
pasting
progress
is
calculated
to
be
T
( zi ) =[0.794，0.699，0.544，0.243，0.670, 0.400, 0.563, 0.553, 0.364] ,
which is the grey relational projection value of each risk
model. The sorted results are shown in Table 6.
From the data in the table, FM1, FM2 and FM5 are the
closest to the ideal solution, which shows that the risk of
membership, professional ability and authority and
responsibility allocation have great impact on the operation
and construction of PMMC, and need to be focused on
prevention and control. As members mainly come from
various market entities, including power generation
enterprises, electricity sales enterprises, power grid
enterprises, users and third-party organizations, how to
determine the types of members, the number of members and
the length of service of members have important impacts on
the fairness of conference resolutions and the balanced
development of the market. As for the risk of professional
competence, because the reform of electricity market is still in
its infancy, the shortage of professionals engaged in electricity
market may affect the effectiveness of professional teams and
have an important impact on the operational effectiveness of
PMMC. As for the risk of authority and responsibility
allocation, PMMC is an autonomous deliberative and
coordinating body. Only when its powers and responsibilities
are clear, can it provide organizational guarantee for the
efficient operation of PMMC.

is ω j = (0.314, 0.299, 0.388) , the grey correlation projection
Table 6. Final evaluation and ranking.
Risk code

Risk model

zi

Result ranking

FM1
FM2
FM3
FM4
FM5
FM6
FM7
FM8
FM9

Membership risk
Professional Competence Risk
Positive Risk in Performance
Members' Access and Exit Risk
Distribution Risk of Authority and Responsibility
Autonomous risk
Risk of deliberation mechanism
Coordination risk
Risk of Information Leakage

0.794
0.699
0.544
0.243
0.670
0.400
0.563
0.553
0.364

1
2
6
9
3
7
4
5
8

5. Conclusion
The intuitionistic fuzzy FMEA and TOPSIS-GRPM are
used to analyze the operational risk of PMMC. On the one

hand, traditional FMEA risk assessment methods are widely
used in researches, but there are still many shortcomings.
This paper combines the FMEA method with the
intuitionistic fuzzy theory, which makes up for the
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shortcoming of the subjective calculation results of
traditional FMEA. On the other hand, the method of
TOPSIS-GRPM is introduced into the final evaluation of
PMMC operational risk factors. Taking the common
characteristics of PMMC in China as the research object, the
FMEA potential risk model of PMMC operational risk is
analyzed from two aspects, and nine potential risk factors are
extracted. Finally, the paper combines the advantages of the
above methods, and takes into account the different
knowledge background and experience of experts in the
specific evaluation. Therefore, the IFPWA operator is used to
transform the evaluation information of experts, and the
importance of each potential risk is ranked. The results show
that the risk of membership, professional competence,
authority and responsibility allocation have great impacts on
the operation and construction of PMMC. The operational
risk of PMMC should be taken seriously to provide reference
for improving and strengthening the efficiency of PMMC.
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