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Abstract: In China, a new-round marketization reform of electricity industry is in progress, and the
electricity transmission and distribution tariff reform is the core and important task. Currently, the
electricity transmission and distribution tariff regulation has gone to the second round in China, and
the electric power grid enterprises are facing a closed-loop regulatory system and an increasingly
strict regulatory environment. Therefore, it is urgent to evaluate the risk of electric power grid
enterprise that is related to electricity transmission and distribution tariff regulation, which can aid
the electricity regulators and electric power grid enterprise operators to manage risk and promote
the sustainable development of electric power industry. In this paper, a hybrid novel multi-criteria
decision making (MCDM) method combining the fuzzy Best-Worst method (FBWM) and improved
fuzzy comprehensive evaluation method based on a vague set is proposed for the risk evaluation of
electric power grid enterprise related to electricity transmission and distribution tariff regulation. The
risk evaluation index system is built. Subsequently, the FBWM is utilized to determine the optimal
weights of electric power grid enterprise risk criteria, and the improved fuzzy comprehensive
evaluation method that is based on vague set is employed to rank the comprehensive risk grade of
electric power grid enterprise related to electricity transmission and distribution tariff regulation. The
risk of a province-level electric power grid enterprise that is located in Northern China is empirically
evaluated using the proposed MCDM method, and the result indicates that the overall risk of this
province-level electric power grid enterprise belongs to ‘High’ grade, but it is very close to ‘Very
High’ grade. The results indicate that the proposed hybrid novel MCDM method in this paper is
effective and practical. Meanwhile, it provides a new view for the risk evaluation of electric power
grid enterprise that is related to electricity transmission and distribution tariff regulation.

Keywords: electric power grid enterprise risk evaluation; electricity transmission and distribu-
tion tariff regulation; fuzzy Best-Worst model; improved fuzzy comprehensive evaluation method;
vague set

1. Introduction

Since a new round of electric power system reform policy promulgated in 2015, sev-
eral key fields’ reforms have been comprehensively conducted in China, which include
electricity transmission and distribution tariff, incremental distribution networks and elec-
tricity sales market, and the electricity transmission and distribution tariff reform is the
core and important task for this round of electric power system reform [1,2]. The National
Development and Reform Commission of China (NDRC) and related governmental de-
partments have implemented the electricity transmission and distribution tariff reform
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pilots in some regions, such as Shenzhen city and Anhui province. Nowadays, China
has accumulated more experience on the electricity transmission and distribution tariff
regulation, and related regulatory measures have been improved and more targeted. By
the year 2020, China has enacted two-round polices and measures that were related to
the cost supervision and examination of electricity transmission and distribution tariff
and the setting of electricity transmission and distribution tariff. Currently, the electricity
transmission and distribution tariff regulation has entered a new period in China, but there
are still some problems, such as imperfect rules and incomplete implementation of relevant
policies [3]. With the greater clarified regulatory boundary and increasing force of regula-
tion in China, the electric power grid enterprises are faced with a closed-loop regulatory
system and increasingly strict regulatory environment, which will face more uncertain
risks. Therefore, it is urgent to research the risks that are faced by the electricity power grid
enterprise related to the current electricity transmission and distribution tariff regulation,
which can help the electricity power grid enterprise operators to better grasp the risk and
improve the risk management ability under electricity transmission and distribution tariff
regulation environment.

Currently, most researches on the risks faced by electric power grid enterprise focus
on the power grid operation, investment, and network security. For the operational risk,
Zhou, et al. summarized the operational risk of China Southern Power Grid Corporation,
such as the shutdown of High Voltage Direct Current Transmission (HVDC) bipolar block
and the extreme climate in the southern area, which exposed the grid to the potential of
destruction [4]. Wang, et al. divided the operational risks that are faced by the electric
power grid enterprise into four aspects, including core resource, value creation, internal
operation, and customer service [5]. Li, et al. proposed that it was necessary to establish a
reasonable feed-in tariff system for wind power and strengthen the commercialization and
marketization of wind power operation management, so as to cope with the operational
risks that are faced by current power grid enterprises in the management of wind power
projects [6]. For the investment risk, Hasda and Sumirat took the work accident as a vital
factor for the electric power grid enterprise to obtain the electric investment project and
manage its transmission assets [7]. Pop, et al. identified the technology of the company,
the delay delivery of the electric facility, and the aging of transmission assets as the key
factors that affect the Romanian electric power enterprises on their investment decision [8].
Lin, et al. believed that the implementation of energy conservation service projects of
power grid enterprises will be mainly affected by the investment risk [9]. Sasaki and
Nakayama evaluated a power transmission investment project between Ireland and the
United Kingdom, and found that three main risks that are faced by grid enterprises,
including the investment risk [10]. Bhattacharya and Kojima found that the investment
risk faced by electric power grid enterprises could be resolved through portfolio risk
optimization [11]. Duan, et al. proposed a hybrid multi-criteria decision-making method
for risk evaluation of electric power grid investment in China under new socio-economic
development situation, where the Bayesian best–worst method (BBWM) was used to
weight the electric power grid investment risk criteria, and the improved matter-element
extension model was employed to rank risk grade of electric power grid investment in
China [12]. For the electric power grid, the network security risk also matters. Maziku, et al.
stated that the IP-based communications will increase the likelihood of network attacks
in smart grids, which will cause damages, such as wrong smart meter readings, impaired
protection devices, and false demands for electricity, and then proposed a framework to
assess security risks within a Software Defined Networking (SDN)-enabled smart grid
communication network [13]. Cardenas, et al. proposed a cyber-physical model and risk
assessment methodology for analyzing the emerging nexus between Internet of Things-
based energy devices and the bulk transmission grid, and the result indicates that the
current DER penetration rates are not yet significant enough to present serious risk [14].
The case suggested that electric power grid enterprises should timely update the internal
security protection software, timing adjustment to the reaction mechanism of cyber-attacks,
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and remedial measures, in order to deal with the network security risk [15]. Onyeji, et al.
believed that, as the integration of information technology of power infrastructure for
electric power enterprises, they will potentially face more and more network attacks [16].

From the abovementioned literatures, it can be learnt that most of the current research
focuses on the risks of operation, investment, and network security faced by the electric
power grid enterprise. However, the risks that are faced by the electric power grid enter-
prise related to the governmental regulatory policy have been rarely studied, especially that
the risks faced by the electric power grid enterprise related to the electricity transmission
and distribution tariff regulation in China has not been studied to the best of our knowl-
edge. In China, the electricity transmission and distribution tariff regulation has gone into
the second round, and more strict rules, and procedures have been implemented. In this
situation, the electric power grid enterprise will face more rigorous regulatory environment
and related risks, and the risks that are faced by the electric power grid enterprise under
the electricity transmission and distribution tariff regulation environment urgently need
to be studied. Therefore, the risk evaluation of electric power grid enterprise under the
electricity transmission and distribution tariff regulation environment will be conducted in
this paper.

Facing the electricity transmission and distribution tariff regulation, the electric power
grid enterprise will suffer multiple sources of risks, such as electricity transmission and dis-
tribution tariff compliance risk, electricity transmission and distribution tariff fluctuation
risk, electricity transmission and distribution tariff execution risk, and electricity transmis-
sion and distribution tariff matching risk. Therefore, the risk evaluation of electric power
grid enterprise that is related to electricity transmission and distribution tariff regulation
belongs to a multi-criteria decision making (MCDM) issue. In this paper, a hybrid novel
MCDM method is proposed for risk evaluation of electric power grid enterprise related to
electricity transmission and distribution tariff regulation, which is composed of the fuzzy
Best-Worst method (FBWM) and the improved fuzzy comprehensive evaluation method
that is based on the vague set. When compared with the previous studies, there are two
main contributions:

(1) The first contribution in this paper is unprecedentedly to propose a novel hybrid
MCDM method for the risk evaluation of electric power grid enterprise related to electricity
transmission and distribution tariff regulation, combining the fuzzy Best-Worst method
(FBWM) and improved fuzzy comprehensive evaluation method based on vague set. The
FBWM, which can consider the fuzziness and uncertainty of decision maker, is utilized to
determine the weights of risk criteria of electric power grid enterprise related to electricity
transmission and distribution tariff regulation, and the improved fuzzy comprehensive
evaluation method based on the vague set, which can allow the experts not to evaluate the
risk if they do not have enough knowledge to judge, is employed to rank the overall risk
grade of electric power grid enterprise related to electricity transmission and distribution
tariff regulation. Therefore, it can be said that the proposed hybrid novel MCDM method
employed in this paper is the first time to be employed for the risk evaluation on electric
power grid enterprise.

(2) The second contribution in this paper is to undertake the risk evaluation on electric
power grid enterprise in a brand-new light. The risks that are related to the operation,
investment, and network security of electric power grid have been paid more attention,
but other factors under the circumstances of electricity transmission and distribution tariff
reform have been neglected. While this paper innovatively pays significant attention to the
risk faced by electric power grid enterprise related to another aspect, namely the electricity
transmission and distribution tariff regulation, where few researches have been made on
this filed. Therefore, this paper extends the risk scope of electric power grid enterprise,
which can fill the research gap in this field.
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The rest of this paper is structured, as follows: Section 2 presents the literature review
of the MCDM method; Section 3 builds the risk evaluation index system of electric power
grid enterprise related to electricity transmission and distribution tariff regulation; Section 4
introduces the proposed hybrid novel MCDM method, including the FBWM and improved
fuzzy comprehensive evaluation method based on vague set for risk evaluation on electric
power grid enterprise related to electricity transmission and distribution tariff regulation;
Section 5 conducts the empirical analysis and Section 6 discusses the results; and finally,
Section 7 concludes this paper.

2. Literature Review

As this paper employs the MCDM method to undertake the risk evaluation of electric
power grid enterprise related to electricity transmission and distribution tariff regulation,
it is of significance to go through the researches concerning the MCDM method. Wang,
et al. proposes an MCDM model combining the analytic hierarchy process (AHP), Supply
Chain Operation Reference (SCOR) model, and the Data Envelopment Analysis (DEA)
method to evaluate and obtain the optimal supplier in the oil industry [17]. Ghasempour,
et al. use a wide variety multi-criteria decision making (MCDM) methods, which were
investigated by various researchers, to figure out the effective criteria in selecting solar
plants sites and solar plants technologies [18]. Wu, et al. employ a fuzzy MCDM technique
based on cumulative prospect theory to select the most proper renewable power sources in
China [19]. Lee, et al. take the comparative analysis of ranking renewable energy sources
for electricity generation in Taiwan by applying four MCDM methods, which is WSM,
VIKOR, TOPSIS, and ELECTRE [20]. Azhar, et al. take the Analytical Hierarchy Process
(AHP) of the Multi-Criteria Decision-Making Analysis as a tool to rank the technical,
economic, and environmental criteria of the renewable and conventional energy power
plants [21]. Sedady and Beheshtinia employ the multi-criteria decision making (MCDM)
method to obtain the priority of renewable power plants construction at the technical,
economic, social, political, and environmental degrees [22].

While, in this paper, a new fuzzy-based MCDM method is employed, the FBWM is the
extension of the basic Best-Worst method with consideration of the fuzziness of decision
makers, which reduces the number of pairwise comparisons among criteria and improves
the consistency of pairwise comparisons [23]. Because of the merits, the FBWM has been
employed in many issues, such as the evaluation on service requirement of smart product
service system [24], the selection of sustainable suppliers [25], national-scale landslide
susceptibility mapping [26], and a strategy canvas drawing [27]. The fuzzy comprehensive
evaluation method is also a commonly used MCDM method, which is based on the fuzzy
set. When compared with the fuzzy set, the vague set can avoid the decision-making
uncertainty that is caused by the subjective judgments and the inconsistency of knowledge
reserve of decision makers, which can overcome the weakness of the traditional fuzzy
set [28]. Because of these merits, the vague set has been employed in many practical issues,
such as the evaluation of urban water security [29], power system black-start decision-
making [30], onsite renewable energy technologies selection [31], and environmental
impact evaluation of power grid projects in high altitude areas [32]. Accordingly, the
fuzzy comprehensive evaluation method will be improved by using the vague set in this
paper. Therefore, the FBWM will be used to weight the risk criteria of electric power grid
enterprise related to electricity transmission and distribution tariff regulation, and the
improved fuzzy comprehensive evaluation method based on vague set will be employed
to rank the comprehensive risk grade of electric power grid enterprise that is related to
electricity transmission and distribution tariff regulation in this paper.
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3. Risk Evaluation Index System of Electric Power Grid Enterprise Related to
Electricity Transmission and Distribution Tariff Regulation

Nowadays, the electricity transmission and distribution tariff reform has entered a
new stage, and the measures that are related to the cost supervision & examination of
electricity transmission and distribution tariff have been carried out in 2019. It guides
the electric power grid enterprise to make rational and effective investment and reduce
blind investment, clarify the items that cannot be included in the electricity transmission
and distribution cost, further ensure the responsibility and obligation of electric power
grid enterprises, enhance the requirements and procedures for information reporting, as
well as the punishment for trust-breaking, so as to improve the quality and efficiency of
information reporting. Meanwhile, a new version of the pricing method for transmission
and distribution tariff at the provincial level has been implemented since September 2020.
When compared with the former version, it comprehensively standardizes the pricing
procedure and improves the pricing rules, and it is also the first time to realize the one-time
full coverage of all provincial and regional electric power grid transmission and distribution
tariff verification, in order to verify the theoretical transmission and distribution tariff of
voltage division level, and to include the “network to network” transmission tariff into the
provincial power grid verification price, which indicate the basic establishment of electricity
transmission and distribution tariff regulation system and framework in China. In this
situation, the electric power grid enterprise will face much stricter electricity transmission
and distribution tariff regulation environment. Under these circumstances, the electric
power grid enterprise has the potential risks of failing to meet the requirement of stricter
electricity transmission and distribution tariff regulation.

Therefore, it is significant to build a proper evaluation index system, including a set of
criteria, in order to evaluate the risk of electric power grid enterprise related to electricity
transmission and distribution tariff regulation. The key and important risk criteria need to
be in the risk evaluation index system, which can tell the core characteristics of risk faced by
the electric power grid enterprise related to electricity transmission and distribution tariff
regulation. In this paper, the risk evaluation index system of electric power grid enterprise
related to electricity transmission and distribution tariff regulation includes four criteria,
namely electricity transmission and distribution tariff compliance risk criterion, electricity
transmission and distribution tariff fluctuation risk criterion, electricity transmission and
distribution tariff execution risk criterion, and electricity transmission and distribution
tariff matching risk criterion. Meanwhile, these four risk criteria are composed of several
sub-criteria, respectively. The detailed and concrete decision-making process for electric
power grid enterprise risk evaluation index system is shown above:

Firstly, an expert panel is set up to build the risk evaluation index system of electric
power grid enterprise related to electricity transmission and distribution tariff regulation,
which includes three managers in the electricity enterprise, three scholars majored in the
transmission and distribution reform. Subsequently, according to the relevant electricity
transmission and distribution tariff policies and expert panel’s suggestion, four criteria
are determined, including electricity transmission and distribution tariff compliance risk
criterion (C1), electricity transmission and distribution tariff fluctuation risk criterion
(C2), electricity transmission and distribution tariff execution risk criterion (C3), and
electricity transmission and distribution tariff matching risk criterion (C4). Afterwards,
the sub-criteria that are related to four risk criteria are initially selected, and expert panel
reviews the initial sub-criteria, and then selects more important ones based on their own
knowledge and experience. Finally, the risk criteria and sub-criteria for risk evaluation
of electric power grid enterprise related to electricity transmission and distribution tariff
regulation are determined. Figure 1 shows the risk evaluation index system of electric
power grid enterprise related to electricity transmission and distribution tariff regulation,
which includes four risk criteria and fifteen risk sub-criteria.
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Figure 1. Risk evaluation index system of electric power grid enterprise related to electricity transmission and distribution
tariff regulation.

For the electricity transmission and distribution tariff compliance risk, it means that
the risk caused by the case that the electric power grid enterprise does not meet the
requirements of the related electricity transmission and distribution tariff regulation poli-
cies in the tariff setting process. For this risk criterion, it includes six risk sub-criteria,
namely ineffective asset separation risk sub-criterion (C11), grid investment constraint risk
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sub-criterion (C12), effective asset management risk sub-criterion (C13), non-permitted
electricity transmission and distribution cost separation risk sub-criterion (C14), related
party transaction compliance risk sub-criterion (C15), and cost information disclosure
compliance risk sub-criterion (C16).

For the electricity transmission and distribution tariff fluctuation risk, it means that
the risk caused by the case that the electricity transmission and distribution tariff level is
changed significantly, which will pose a great impact on the normal business activities
and financial viability of electric power grid enterprises. For this risk criterion, it includes
four risk sub-criteria, namely the required transmission and distribution cost drop risk
sub-criterion (C21), permitted grid rate of return cut risk sub-criterion (C22), power supply
reliability and service quality below standard risk sub-criterion (C23), and policy-pushed
tariff cut risk sub-criterion (C24).

For the electricity transmission and distribution tariff execution risk, it means the
risk caused by the case that, in the practical tariff execution process, due to the changes
of external environment, internal management, and other factors, the actual execution
tariff may not be consistent with the initial verification level. For this risk criterion, it in-
cludes two risk sub-criteria, namely grid investment execution deviation risk sub-criterion
(C31) and electricity transmission and distribution cost implementation deviation risk
sub-criterion (C32).

For the electricity transmission and distribution tariff matching risk criterion, it means
the risk that is caused by the case that the verification level of electricity transmission
and distribution tariff in the future regulatory cycle should meet the needs of the long-
term development of the electric power grid enterprise, the long-term requirements of
the regulatory authorities for the electric power grid enterprise, and the demand of the
continuous improvement of the electric power grid enterprise’s credit level. For this
risk criterion, it includes three risk sub-criteria, namely sustainable operational risk sub-
criterion (C41), enterprise performance appraisal risk sub-criterion (C42), and enterprise
credit rating risk sub-criterion (C43).

4. The Proposed MCDM Methodology for Risk Evaluation of Electric Power Grid
Enterprise Related to Electricity Transmission and Distribution Tariff Regulation

In this paper, the risk of electric power grid enterprise that is related to electricity
transmission and distribution tariff regulation is evaluated considering four risk criteria
and fifteen risk sub-criteria. In practice, there are high risks for some criteria and sub-
criteria of electric power grid enterprise related to electricity transmission and distribution
tariff regulation, but other criteria and sub-criteria may hold low risk. Therefore, the risk
levels among criteria and among sub-criteria may be conflicting for the risk evaluation
of electric power grid enterprise related to electricity transmission and distribution tariff
regulation, which need to be simultaneously considered for comprehensive risk evaluation
of electric power grid enterprise related to electricity transmission and distribution tariff
regulation. While the MCDM method acts as a significant role in figuring out the practical
decisions faced with conflicting criteria, more importantly, scholars have applied the
MCDM methods, including the TOPSIS, PROMETHEE, and Normalized Interval-Valued
Triangular Fuzzy Numbers to solve many complex decision-making issues, which have
been demonstrated as effective and accurate methods [33–35]. Therefore, a hybrid novel
MCDM method is proposed and employed for comprehensive risk evaluation of electric
power grid enterprise that is related to electricity transmission and distribution tariff
regulation in this paper, which includes the FBWM for weight determination of risk
criteria and improved fuzzy comprehensive evaluation method based on vague set for
comprehensive risk ranking of electric power grid enterprise. The detailed theories of the
proposed hybrid MCDM method in this paper are introduced in the following.
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4.1. The FBWM for Weight Determination of Risk Criteria

The weight of each risk criteria is particularly important for evaluating the risk of
electric power grid enterprise that is related to electricity transmission and distribution
tariff regulation. When there is only one electric power grid enterprise to be evaluated,
each risk criterion only has one value, which results in the fact that the objective weighting
method such as the variation coefficient method and entropy weight method cannot be used.
Even if there are multiple electric power grid enterprises to be evaluated, the operating
situations of different regional electric power grid enterprise in China are diversified, and
then the risk criteria weight calculated by the above weighting methods will be changed
according to the risk criteria values, which is not robust. Meanwhile, the risk criteria in
this paper are qualitative, so it is inevitable to face the difficulty in determining the risk
criteria values when the objective weighting method is used. Therefore, the subjective
weighting method will be used in order to obtain reasonable risk criteria weights. The fuzzy
Best-Worst method (FBWM) is a new subjective weighting method, which combines the
Best-Worst method (BWM) and the fuzzy set theory [23]. When compared with the BWM,
the FBWM can consider the fuzziness and uncertainty of decision makers, which has a
higher consistency of pairwise comparison and has been employed in many practical issues,
such as prioritization of failures [36], optimal combination of power plants alternatives [37],
sustainable landfill site selection [38], and maintenance assessment in the hospitals [39].
The principles of the FBWM are listed as followed [23].

Suppose that the object of study includes n criteria, and decision makers can judge
the important degree between the two criteria in the form of linguistic level relying on
their knowledge and experience, such as important, weakly important, and very important.
Subsequently, the linguistic level results can be transformed into triangular fuzzy number
according to Table 1 [23]. Finally, the fuzzy comparison matrix Ã can be obtained, just as
shown in Equation (1).

Ã =

c1 c2 · · · cn

c1
c2
...

cn


ã11
ã21

ã12
ã22

· · ·
· · ·

ã1n
ã2n

...
...

. . .
...

ãn1 ãn2 · · · ãnn

 (1)

where ãij is the relative fuzzy preference of criterion i to criterion j, which can be represented
by a triangular fuzzy number.

Table 1. Transformation rules of linguistic variables of decision-makers.

Linguistic Terms Membership Function

Equally important (EI) (1,1,1)
Weakly important (WI) (2/3,1,3/2)

Fairly important (FI) (3/2,2,5/2)
Very important (VI) (5/2,3,7/2)

Absolutely important (AI) (7/2,4,9/2)

The specific steps of using the FBWM to determine the weights of risk criteria are
described, as follows:

Step 1. Build the risk evaluation index system.
A reasonable evaluation index system is very important to the risk evaluation of

electric power grid enterprise that is related to electricity transmission and distribution
tariff regulation. It should be able to represent the basic characteristics of the risks faced by
the electric power grid enterprise under the electricity transmission and distribution tariff
regulation environment. The evaluation index system of electric power grid enterprise
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that is related to electricity transmission and distribution tariff regulation has been built in
Section 2.

Step 2. Determine the best and worst risk criteria.
On the basis of the risk evaluation index system, the best risk criterion cB and the

worst risk criterion cW should be determined according to the knowledge and experience
of the decision-makers.

Step 3. Execute the fuzzy reference comparisons for the best risk criterion and worse
risk criterion.

The decision makers make pairwise comparisons between the best risk criterion and
other risk criteria in the risk evaluation index system by employing the linguistic terms
in Table 1, and the fuzzy preferences of the best risk criterion over other risk criteria
can be determined. Subsequently, the obtained fuzzy preferences are transformed to
triangular fuzzy numbers using the transformation rules shown in Table 1. Finally, the
fuzzy Best-to-Others vector ÃB can be obtained as:

ÃB = (ãB1, ãB2, . . . , ãBn) (2)

Meanwhile, the pairwise comparisons between the worst risk criterion and other risk
criteria in the risk evaluation index system can also be conducted, and similar to ÃB, the
fuzzy Others-to-Worse vector ÃW can be obtained as:

ÃW = (ã1W , ã2W , . . . , ãnW) (3)

Step 4. Determine the optimal fuzzy weights
(
w̃∗1 , w̃∗2 , . . . , w̃∗n

)
The ratio of the optimal

fuzzy weight of the best risk criterion w̃B and the optimal fuzzy weighted of other risk
criteria w̃j should be consistent with the fuzzy Best-to-Others vector ÃB. Meanwhile, the
ratio of the optimal fuzzy weight of other risk criteria w̃j and the optimal fuzzy weights
of the worst risk criterion w̃W should be consistent with the fuzzy Others-to-Worse vector
ÃW . According to these principles, a min-max problem with constraint conditions can be
built, as shown in Equation (4):

min max
j

{∣∣∣ w̃B
w̃j
− ãBj

∣∣∣, ∣∣∣ w̃j
w̃W
− ãjW

∣∣∣}

s.t.



n
∑

j=1
R
(
w̃j
)
= 1

lw
j ≤ mw

j ≤ uw
j

lw
j ≥ 0

j = 1, 2, . . . , n

(4)

which w̃B =
(
lw
B , mw

B , uw
B
)
, w̃j =

(
lw
j , mw

j , uw
j

)
, w̃W =

(
lw
W , mw

W , uw
W
)
, ãBj =

(
lBj, mBj, uBj

)
,

ãjW =
(
ljW , mjW , ujW

)
; R
(
w̃j
)

represents that the fuzzy weight value of risk criterion j is
transformed into an exact value, and it can be obtained by the Equation (5):

R
(
w̃j
)
=

lw
j + 4mw

j + uw
j

6
(5)
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The Equation (4) can be transformed into a nonlinear constrained optimization prob-
lem, as shown in Equation (6):

minξ̃

s.t.



∣∣∣ w̃B
w̃j
− ãBj

∣∣∣ ≤ ξ̃∣∣∣ w̃j
w̃W
− ãjW

∣∣∣ ≤ ξ̃
n
∑

j=1
R
(
w̃j
)
= 1

lw
j ≤ mw

j ≤ uw
j

lw
j ≥ 0

j = 1, 2, . . . , n

(6)

In Equation (6), because lξ ≤ mξ ≤ uξ , so let ξ̃∗ = (k∗, k∗, k∗), k∗ ≤ lξ , and Equation (6)
can be transformed into the following equation:

minξ̃∗

s.t.



∣∣∣∣∣ (lw
B ,mw

B ,uw
B )(

lw
j ,mw

j ,uw
j

) − (lBj, mBj, uBj
)∣∣∣∣∣ ≤ (k∗, k∗, k∗)∣∣∣∣∣

(
lw
j ,mw

j ,uw
j

)
(lw

W ,mw
W ,uw

W)
−
(
ljW , mjW , ujW

)∣∣∣∣∣ ≤ (k∗, k∗, k∗)

n
∑

j=1
R
(
w̃j
)
= 1

lw
j ≤ mw

j ≤ uw
j

lw
j ≥ 0

j = 1, 2, . . . , n

(7)

Finally, the optimal fuzzy weights of risk criteria W =
(
w̃∗1 , w̃∗2 , . . . , w̃∗n

)
can be ob-

tained according to Equation (7).

4.2. The Improved Fuzzy Comprehensive Evaluation Method for Risk Ranking of Electric Power
grid Enterprise

While the risk of electric power grid enterprise that is related to electricity transmission
and distribution tariff regulation is evaluated, there exists information uncertainties, and
the fuzzy comprehensive evaluation method can solve the problem well. However, the
traditional fuzzy comprehensive evaluation method may lead to the distortion of ranking
result, because its membership degree does not meet the additivity, and some information
may be missing in the evaluation process [40]. The vague set has the obvious feature
and advantage in that it can give the evidence of agreement and disagreement, so it
can tell fuzzy information more comprehensively [41]. Therefore, an improved fuzzy
comprehensive evaluation method that is based on the vague set is employed in this paper.

Vague set serves as an extension of fuzzy set. For the fuzzy set, it assumes that
the membership degree can be taken into [0, 1] interval, but the vague set assumes that
the membership degree of each element can be split into two portions, which are called
support and opposition, respectively [31]. It tells that the membership degree should
include both true and false membership degree, which is t and f , respectively. Assuming
that U serves as a domain of discussion, in which x represents any one element, the true
and false membership function, tA and fA, can stand for a vague set in U. Moreover, tA(x)
serves as the lower boundary of the supporting membership degree of x according to the
evidence favoring x, while fA(x) is the opposite, it belongs to the lower boundary of the
negative membership degree of x according to the evidence against x, and 1− tA(x)− fA(x)
represents the uncertainty. For the convenience of discussion, in this paper, it takes tA(x)
as tx and fA(x) as fx. It is evident that tx + fx ≤ 1. Provided that tx = 1− fx, the vague set
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will be transformed into fuzzy set, and provided that tx = 1− fx = 0 or tx = 1− fx = 1,
the vague set will be transformed into a normal set [32].

The steps of using the improved fuzzy comprehensive evaluation method that is based
on the vague set to evaluate the risk of electric power grid enterprise related to electricity
transmission and distribution tariff regulation are introduced, as follows.

Step 1. Set the evaluation comment set with different levels for risk criteria. The
comment set is V = (V1, V2, V3, V4, V5), which respectively represent ‘Very low’ risk, ‘Low’
risk, ‘Middle’ risk, ‘High’ risk, and ‘Very high’ risk.

Step 2. Build the vague set evaluation matrix. Experts are invited to judge all of the
risk criteria according to the given comment set. Ci represents the risk criteria, the comment
set is Vj(j = 1, 2, 3, 4, 5), and an evaluation matrix R of vague set can be built as:

R =


r11 r12
r21 r22

· · · r1n
· · · r2n

...
...

rn1 rn2

. . .
...

· · · rnn

 (8)

where rij is the vague value of Ci on the comment level Vj, and there is rij = [tA, 1− fA].
Invite the experts to judge each risk criteria according to the comment set. Experts can give
up voting to better tell the degree of hesitation from the experts. For example, there are 10
experts evaluating certain risk criteria of electric power grid enterprise related to electricity
transmission and distribution tariff regulation. If four experts think that it is at very low
risk, three experts tell that it is at low risk, two experts say the risk is normal, and 1 expert
gives up the judgment, then the following result can be obtained:

ri = (ri1, ri2, ri3, ri4, ri5) = [(0.4, 0.5), (0.3, 0.4), (0.2, 0.3), (0, 0.1), (0, 0.1)]

Step 3. Undertake the comprehensive evaluation based on the vague set evaluation
matrix R and index system weights W [32]:

F = W ⊗ R = (F1, F2, F3, F4, F5) (9)

Fj =
(
w1 ⊗ r1j

)
⊕
(
w2 ⊗ r2j

)
⊕ . . .⊕

(
wn ⊗ rnj

)
, j = 1, 2, 3, 4, 5 (10)

where F represents the comprehensive evaluation result. Fj represents the vague value of
the object, which is calculated on the comment set Vj, ⊗ and ⊕, respectively, represent the
operational symbol of multiplication and finite sum of vague set. When k serves as the real
number on [0, 1] interval, A and B stand for elements on vague set, where A = [tA, 1− fA]
and B = [tB, 1− fB], then two equations are shown above [32]:

k⊗ A = [ktA, k(1− fA)] (11)

A⊕ B = [min{1, tA + tB}, min{1, (1− fA) + (1− fB)}] (12)
Because the vague value is an interval number, the relative scoring function, as shown

in Equation (13), is used to obtain its real number [32].

J(x) =
tx

tx + fx
(13)

Finally, each comment is given a score, that is V = (V1, V2, V3, V4, V5) =
(20, 40, 60, 80, 100). According to the scoring function of each comment, the weighted
average operator is used to rank the comprehensive risk of electric power grid enterprise
that is related to electricity transmission and distribution tariff regulation.

When using the FBWM to determine the weight of criterion, it is of great importance
to test the similarity between the ranking of ranking importance of criteria. In this paper,
the WS coefficient is applied, and the concrete equation is as follows [42]:

WS = 1−
n

∑
i=1

(
2−xi ·

( ∣∣Rxi − Ryi
∣∣

max{|1− Rxi, N − Rxi|}

))
(14)
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where WS is a value of similarity coefficient, N is a length of ranking, and Rxi and Ryi mean
the place in the ranking for i−th element in, respectively, ranking x and ranking y.

When the WS is less than 0.234, it obtains the low similarity. When the WS is larger
than 0.808, it gets the high similarity. While the WS stays from 0.352 to 0.689, it obtains the
medium similarity. Figure 2 shows detailed definitions of the WS [42].
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4.3. The Framework of Risk Evaluation of Electric Power Grid Enterprise Related to Electricity
Transmission and Distribution Tariff Regulation

In this paper, the hybrid novel MCDM method for the risk evaluation of electric power
grid enterprise related to electricity transmission and distribution tariff regulation is pro-
posed combining the FBWM and improved fuzzy comprehensive evaluation method based
on the vague set. The FBWM is employed to figure out the weights of risk criteria that take
the fuzziness of preferences of decision makers into account. The fuzzy comprehensive
evaluation method improved by the vague set is employed to rank the comprehensive
risk grade of electric power grid enterprise related to electricity transmission and distri-
bution tariff regulation, which can avoid evaluation information loss and overcome the
weakness of the traditional fuzzy comprehensive evaluation method based on the fuzzy
set. Therefore, the risk ranking result of electric power grid enterprise that is related
to electricity transmission and distribution tariff regulation by using the hybrid MCDM
method containing the FBWM and improved fuzzy comprehensive evaluation method
based on the vague set is more effective and appropriate.

Figure 3 shows the detailed procedure of the hybrid MCDM method for risk evaluation
of electric power grid enterprise related to electricity transmission and distribution tariff
regulation in this paper.
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5. Empirical Analysis

In this section, a province-level electric power grid enterprise that is located in North-
ern China is selected as a practical case. The risk of this electric power grid enterprise
related to electricity transmission and distribution tariff regulation will be evaluated by
using the proposed MCDM method, where the FBWM is used to weight the risk criteria
and the improved fuzzy comprehensive evaluation method that is based on the vague set
is employed to rank the risk level of this electric power grid enterprise.

5.1. Determine the Weights of Risk Criteria of Electric Power Grid Enterprise

Firstly, the expert panel is invited again for risk criteria weight determination. Among
the four risk criteria, including electricity transmission and distribution tariff compliance
risk criterion (C1), electricity transmission and distribution tariff fluctuation risk criterion
(C2), electricity transmission and distribution tariff execution risk criterion (C3), and elec-
tricity transmission and distribution tariff matching risk criterion (C4), the best criterion is
electricity transmission and distribution tariff compliance risk (C1) based on the judgement
of expert panel, and the worst criterion is electricity transmission and distribution tariff
execution risk (C3). Table 2 lists the linguistic terms for fuzzy preferences of the best risk
criterion over other risk criteria and Table 3 lists the linguistic terms for fuzzy preferences
of all other risk criteria over the worst risk criterion.

Table 2. The linguistic terms for fuzzy preferences of the best risk criterion over other risk criteria.

Criteria C2 C3 C4

The best risk criterion C1 VI AI VI

Table 3. The linguistic terms for fuzzy preferences of all other risk criteria over the worst risk criterion.

Criteria The Worse Risk Criterion C3

C1 AI
C2 FI
C4 WI

According to the comparison results of the best and worst risk criteria with other risk
criteria, the fuzzy comparison vectors that correspond to the best and worst risk criteria
can be obtained as:

ÃB =
[
(1, 1, 1),

( 5
2 , 3, 7

2
)
,
( 7

2 , 4, 9
2
)
,
( 5

2 , 3, 7
2
)]

ÃW =
[( 7

2 , 4, 9
2
)
,
( 3

2 , 2, 5
2
)
, (1, 1, 1),

( 2
3 , 1, 3

2
)]

According to Equation (7) and the above two fuzzy comparison vectors, the optimal
fuzzy weights vectors of four risk criteria can be obtained as:

W̃∗1 = (0.5115, 0.5196, 0.5279); W̃∗2 = (0.1646, 0.1964, 0.2368);
W̃∗3 = (0.1095, 0.1193, 0.1411); W̃∗4 = (0.1399, 0.1583, 0.194)

Subsequently, the optimal weights of four risk criteria can be calculated using the
Equation (5), and the results are:

W∗1 = 0.5197; W∗2 = 0.1978; W∗3 = 0.1213; W∗4 = 0.1612

Similar to the weight determination of risk criteria, the risk sub-criteria that are related
to each risk criteria can also be weighted. According to the opinion of expert panel, the
best and worst risk sub-criteria related to each risk criteria can be determined, which are
shown in Table 4.
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Table 4. The best and worst risk sub-criteria related to each risk criteria.

Related to Criteria The Best Sub-Criterion The Worst Sub-Criterion

C1 C12 C14
C2 C21 C24
C3 C32 C31
C4 C41 C42

Table 5 lists the linguistic terms for fuzzy preferences of the best risk sub-criterion
over other risk sub-criteria, and Table 6 lists the linguistic terms for fuzzy preferences of
other risk sub-criteria over the worst risk sub-criterion.

Table 5. The linguistic terms for fuzzy preferences of the best risk sub-criterion over other risk
sub-criteria.

The Best Risk Sub-Criterion C11 C13 C14 C15 C16 C22 C23 C24 C31 C42 C43

C12 VI WI AI VI FI - - - - - -
C21 - - - - - AI VI AI - - -
C32 - - - - - - - - AI - -
C41 - - - - - - - - - AI VI

Table 6. The linguistic terms for fuzzy preferences of other risk sub-criteria over the worst risk
sub-criterion.

The Worst Risk Sub-Criterion C14 C24 C31 C42

C11 VI - - -
C12 AI - - -
C13 WI - - -
C15 VI - - -
C16 FI - - -
C21 - AI - -
C22 - FI - -
C23 - VI - -
C32 - - AI -
C41 - - - VI
C43 - - - VI

According to Tables 5 and 6, the fuzzy comparison vectors that correspond to the best
and worst risk sub-criteria can be determined, as follows.

The fuzzy comparison vectors of risk sub-criteria related to risk criterion C1 are:

ÃB =
[( 5

2 , 3, 7
2
)
, (1, 1, 1),

( 5
2 , 2.5, 7

2
)
,
( 7

2 , 4, 9
2
)
,
( 5

2 , 3, 7
2
)
,
( 7

2 , 4, 9
2
)]

ÃW =
[( 7

2 , 4, 9
2
)
,
( 7

2 , 4, 9
2
)
,
( 3

2 , 2, 5
2
)
, (1, 1, 1),

( 5
2 , 3, 7

2
)
,
( 5

2 , 3, 7
2
)]

The fuzzy comparison vectors of risk sub-criteria related to risk criterion C2 are:

ÃB =
[
(1, 1, 1),

( 7
2 , 4, 9

2
)
,
( 5

2 , 3, 7
2
)
,
( 7

2 , 4, 9
2
)]

ÃW =
[( 7

2 , 4, 9
2
)
,
( 3

2 , 2, 5
2
)
,
( 5

2 , 3, 7
2
)
, (1, 1, 1)

]
The fuzzy comparison vectors of risk sub-criteria related to risk criterion C3 are:

ÃB =
[( 7

2 , 4, 9
2
)
, (1, 1, 1)

]
ÃW =

[
(1, 1, 1),

( 7
2 , 4, 9

2
)]

The fuzzy comparison vectors of risk sub-criteria related to risk criterion C4 are:

ÃB =
[
(1, 1, 1),

( 7
2 , 4, 9

2
)
, ( 5

2 , 3, 7
2
]

ÃW =
[( 5

2 , 3, 7
2
)
, (1, 1, 1),

( 5
2 , 3, 7

2
)]
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According to the above fuzzy comparison vectors of risk sub-criteria related to each
risk criteria and Equation (7), the optimal fuzzy weights vectors of the risk sub-criteria that
are related to each risk criteria can be obtained, as follows:

The optimal fuzzy weights vectors of six risk sub-criteria that are related to risk
criterion C1 are:

W̃∗11 = (0.1595, 0.1886, 0.2403); W̃∗12 = (0.3304, 0.3432, 0.3637);
W̃∗13 = (0.0903, 0.1189, 0.1896); W̃∗14 = (0.0636, 0.0665, 0.07);

W̃∗15 = (0.1089, 0.1431, 0.2171); W̃∗16 = (0.0972, 0.1207, 0.1449);

The optimal fuzzy weights vectors of four risk sub-criteria that are related to risk
criterion C2 are:

W̃∗21 = (0.4872, 0.5124, 0.5372); W̃∗22 = (0.1149, 0.144, 0.1774);
W̃∗23 = (0.197, 0.2337, 0.2821); W̃∗24 = (0.1021, 0.1066, 0.115);

The optimal fuzzy weights vectors of two risk sub-criteria related to risk criterion
C3 are:

W̃∗31 = (0.1889, 0.1998, 0.2144); W̃∗32 = (0.7505, 0.7902, 0.8502);

The optimal fuzzy weights vectors of three risk sub-criteria related to risk criterion
C4 are:

W̃∗41 = (0.5634, 0.6001, 0.6298); W̃∗42 = (0.1198, 0.1248, 0.1341);
W̃∗43 = (0.2302, 0.2737, 03282)

According to the above optimal fuzzy weight vectors of risk sub-criteria and Equa-
tion (5), the optimal weights of the risk sub-criteria related to each risk criterion can be
calculated, as follows:

The optimal weights of six risk sub-criteria related to risk criterion C1 are:

W∗11 = 0.1924; W∗12 = 0.3446; W∗13 = 0.1259; W∗14 = 0.0667; W∗15 = 0.1497; W∗16 = 0.1208

The optimal weights of four risk sub-criteria related to risk criterion C2 are:

W∗21 = 0.5123; W∗22 = 0.1447; W∗23 = 0.2357; W∗24 = 0.1073

The optimal weights of two risk sub-criteria related to risk criterion C3 are:

W∗31 = 0.2004; W∗32 = 0.7996

The optimal fuzzy weights vectors of three risk sub-criteria that are related to risk
criterion C4 are:

W∗41 = 0.599; W∗42 = 0.1255; W∗43 = 0.2755

5.2. Rank Risk Grade of Province-Level Electric Power Grid Enterprise Related to Electricity
Transmission and Distribution Tariff Regulation

The expert panel evaluates the risk level of all the sub-criteria and obtains the corre-
sponding vague set evaluation matrix for four risk criteria, which are shown, as follows:

R1 =



(0, 0.1) (0, 0.1) (0.2, 0.3) (0.3, 0.4) (0.4, 0.5)
(0, 0) (0, 0) (0.2, 0.2) (0.3, 0.3) (0.5, 0.5)
(0, 0) (0, 0) (0.3, 0.3) (0.4, 0.4) (0.3, 0.3)
(0, 0.1) (0.3, 0.4) (0.3, 0.4) (0.3, 0.4) (0, 0.1)
(0, 0.1) (0, 0.1) (0.3, 0.4) (0.3, 0.4) (0.3, 0.4)
(0, 0) (0, 0) (0.2, 0.2) (0.5, 0.5) (0.3, 0.3)
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R2 =


(0, 0) (0.1, 0.1) (0.2, 0.2) (0.3, 0.3) (0.4, 0.4)
(0, 0.1)
(0, 0)
(0, 0)

(0.2, 0.3)
(0, 0)

(0.3, 0.3)

(0.4, 0.5)
(0.3, 0.3)
(0.3, 0.3)

(0.1, 0.2)
(0.3, 0.3)
(0.3, 0.3)

(0.2, 0.3)
(0.4, 0.4)
(0.1, 0.1)


R3 =

(
(0, 0) (0, 0) (0.3, 0.3) (0.4, 0.4) (0.3, 0.3)
(0, 0.1) (0, 0.1) (0.5, 0.6) (0.2, 0.3) (0.2, 0.3)

)
R4 =

 (0, 0) (0, 0) (0.4, 0.4) (0.3, 0.3) (0.3, 0.3)
(0, 0)
(0, 0)

(0.1, 0.1)
(0, 0)

(0.4, 0.4)
(0.4, 0.4)

(0.3, 0.3)
(0.4, 0.4)

(0.2, 0.2)
(0.2, 0.2)


According to the optimal weights of the risk sub-criteria and the above vague set

evaluation matrix of four risk criteria, the risk grade for risk criteria can be calculated,
as follows:

F1 = (0, 0.0204, 0.2643, 0.3511 0.3642)
F2 = (0, 0.1023, 0.2671, 0.275, 0.3556)

F3 = (0, 0, 0.4999, 0.2609, 0.2392)
F4 = (0, 0.0125, 0.4, 0.3276, 0.2599 )

Subsequently, combining the scoring function of each comment V = (V1, V2, V3, V4, V5)
= (20, 40, 60, 80, 100) and the weights of four risk criteria, the risk scoring of our risk criteria
can be calculated, as follows:

S1 = (81.95, 77.68, 74.79, 76.7)

Finally, the total risk scoring of this province-level electric power grid enterprise that
is related to electricity transmission and distribution tariff regulation is:

ST = (W∗1 , W∗2 , W∗3 , W∗4) ∗ ST
1 = 79.39

Therefore, it can be seen that the risk degree of this province-level electric power grid
enterprise related to electricity transmission and distribution tariff regulation belongs to
‘High’. Meanwhile, among four risk criteria, the electricity transmission and distribution
tariff compliance risk are at a relatively high level. Therefore, this province-level electric
power grid enterprise should pay greater attention to this risk.

6. Discussion
6.1. Result Analysis

This paper proposed a hybrid novel MCDM method combining the FBWM and the
improved fuzzy comprehensive evaluation method based on vague set in order to evaluate
the risk of electric power grid enterprise related to electricity transmission and distribution
tariff regulation, and the result indicates that the overall risk grade of this province-level
electric power grid enterprise under current electricity transmission and distribution tariff
regulation environment belongs to ‘High’. The weights and performances of risk criteria
and sub-criteria will be discussed in detail in order to analyze the risk ranking result
in depth.

Among four risk criteria, the weight of electricity transmission and distribution tariff
compliance risk (C1) is the biggest one, greater than 0.5, following the electricity trans-
mission and distribution tariff fluctuation risk criterion (C2), electricity transmission and
distribution tariff matching risk (C4), and electricity transmission and distribution tariff
fluctuation risk (C3), as shown in Figure 4. The risk criteria weighting result indicates that
the electricity transmission and distribution tariff compliance risk (C1) is the most influ-
ential risk factor. The reason for this result lies in the fact that the electricity transmission
and distribution cost classification and audit have been refined in the second round of
electricity transmission and distribution tariff regulation, and the tariff setting standard
and method for provincial electricity transmission and distribution have been defined
and are much clearer, which make the electric power grid enterprise face much stricter
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electricity transmission and distribution tariff regulation. The electricity transmission
and distribution tariff compliance risk will appear once the electric power grid enterprise
cannot meet the relevant standards.
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For the risk sub-criteria related to each risk criteria, the power grid investment con-
straint risk (C12), required transmission and distribution cost drop risk (C21), electricity
transmission and distribution cost implementation deviation risk (C32), and sustainable
operational risk (C41), respectively, obtain the largest weights under each risk criteria frame,
which are shown in Figure 5. The result indicates that, when evaluating and managing the
risks that are faced by the electric power grid enterprise related to electricity transmission
and distribution tariff regulation, these four risk sub-criteria should be taken into more
consideration related to each risk criteria.
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Figure 5. The optimal weights of risk sub-criteria related to each risk criteria.

The expert panel evaluates the risk degree of each sub-criteria and the corresponding
vague set evaluation matrix is obtained. When combined with the optimal weight of
risk criteria and the vague set evaluation matrix of four risk criteria, four criteria risk
grade and the comprehensive risk grade of electric power grid enterprise that are related
to electricity transmission and distribution tariff regulation can be obtained, which are
shown in Figure 6. It can be seen that the electricity transmission and distribution tariff
compliance risk (C1) belongs to ‘Very high’ grade, and other three risks (namely electricity
transmission and distribution tariff fluctuation risk criterion (C2), electricity transmission
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and distribution tariff fluctuation risk (C3), and electricity transmission and distribution
tariff matching risk (C4) belong to ‘High’ risk. Meanwhile, C1 obtains the largest weight,
followed by C2, C4, and C3. Overall, the comprehensive risk grade of this province-level
electric power grid enterprise that is related to electricity transmission and distribution
tariff regulation belongs to ‘High’ grade, but is very close to ‘Very high’ grade.
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6.2. Comparative Analysis

The proposed hybrid novel multi-criteria decision making (MCDM) method combin-
ing the FBWM and improved fuzzy comprehensive evaluation method based on the vague
set in this paper will be compared with the MCDM method combining the FBWM and
traditional fuzzy comprehensive evaluation method based on the fuzzy set.

For the risk evaluation of a province-level electric power grid enterprise located in
Northern China related to electricity transmission and distribution tariff regulation by
using the MCDM method combining the FBWM and traditional fuzzy comprehensive
evaluation method based on fuzzy set, the risk grades are as the same as that of the
proposed hybrid MCDM method shown in this paper. According to the performances
(risk values) of all risk sub-criteria of province-level electric power grid enterprise, the
corresponding fuzzy set evaluation matrix for four risk criteria are shown, as follow:

R11 =



0 0 0.3 0.3 0.4
0 0 0.2 0.4 0.4
0 0 0.3 0.4 0.3
0 0.3 0.3 0.4 0
0 0 0.4 0.3 0.3
0 0 0.2 0.5 0.3



R21 =


0 0.1 0.2 0.3 0.4
0 0.2 0.4 0.2 0.2
0
0

0
0.3

0.3 0.3 0.4
0.3 0.3 0.1


R31 =

(
0 0 0.3 0.4 0.3
0 0 0.5 0.3 0.2

)
R41 =

 0 0 0.4 0.3 0.3
0 0.1 0.4 0.3 0.2
0 0 0.4 0.4 0.2
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Depending on the optimal weights of the risk sub-criteria and the above fuzzy set
evaluation matrix of four risk criteria, the risk grade for risk criteria can be calculated,
as follow:

F11 = (0, 0.020, 0.3779, 0.3337, 0.3337)
F21 = (0, 0.1124, 0.2632, 0.2855, 0.3389)

F31 = (0, 0, 0.4599, 0.3200, 0.2201)
F41 = (0, 0.0126, 0.4, 0.3276, 0.2599 )

Subsequently, integrating the scoring function of each comment V = (V1, V2, V3, V4, V5)
= (20, 40, 60, 80, 100) and the weights of four risk criteria, the risk scoring of our risk criteria
can be calculated, as follows:

S11 = (80.51, 77.02, 75.20, 76.7)

Ultimately, the total risk scoring of this province-level electric power grid enterprise
thatis related to electricity transmission and distribution tariff regulation is:

ST1 = (W∗1 , W∗2 , W∗3 , W∗4) ∗ ST
11 = 78.42

It can be seen that the comprehensive risk grade of the province-level electric power
grid enterprise that is related to electricity transmission and distribution tariff regulation
by using the MCDM method combining the FBWM and traditional fuzzy comprehensive
evaluation method based on fuzzy set is ‘High’.

Therefore, the proposed hybrid MCDM method shown in this paper and the MCDM
method combining the FBWM and traditional fuzzy comprehensive evaluation method
based on fuzzy set obtain the same result in the risk evaluation of the province-level electric
power grid enterprise related to electricity transmission and distribution tariff regulation.
However, the proposed hybrid MCDM method shown in this paper can not only obtain
the comprehensive risk grade, but also consider the differences between the experts. Thus,
the proposed hybrid MCDM method combining the FBWM and fuzzy comprehensive
evaluation method based on the vague set in this paper for risk evaluation of the province-
level electric power grid enterprise related to electricity transmission and distribution tariff
regulation is more feasible and practical.

6.3. Similarity Analysis

In this section, the similarity between the ranking of ranking importance of the criteria
and sub-criteria between each expert has been computed by using the WS coefficient.

Tables 7–11 present the final results, which show the ranking that is determined by the
experts and final ranking of the criteria and the sub-criteria, as well as the WS coefficients.
For WS Coefficients in the criteria, three experts obtain a high value in WS coefficient,
which are more than 0.682, while the remaining experts have medium WS value, both are
0.67, which indicates that the final ranking of the criteria is practical. For WS Coefficients in
the sub-criteria, only the WS coefficient of Expert 3 ranking the C32 and Experts 5 ranking
the C43 are 0.25 and 0.37, respectively, which suggest the low similarity. The reason is that
the value of the coefficients depending on the length of the ranking, the lower the length of
the ranking, the sharper the WS values will decrease when replacing the best elements with
the second, third, fourth, and fifth ones [36]. The WS coefficients ranking other sub-criteria
by experts are among 0.61 and 1, which indicate that the final ranking of the criteria is also
comprehensively practical.
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Table 7. The WS coefficients of the criteria.

Criteria The Final Ranking of
the Criteria Expert 1 Expert 2 Expert 3 Expert 4 Expert 5

C1 1 1 2 1 1 2
C2 2 2 1 3 2 1
C3 4 3 4 4 4 4
C4 3 4 3 2 3 3
WS 0.93 0.67 0.81 1 0.67

Table 8. The WS coefficients of the sub-criteria of C1.

Sub-Criteria The Final Ranking of
the Criteria Expert 1 Expert 2 Expert 3 Expert 4 Expert 5

C11 2 2 3 4 1 2
C12 1 1 1 1 2 3
C13 4 3 2 5 3 4
C14 6 6 6 6 4 5
C15 3 4 5 2 5 1
C16 5 5 4 3 6 6
WS 0.94 0.77 0.81 0.73 0.61

Table 9. The WS coefficients of the sub-criteria of C2.

Criteria The Final Ranking of
the Criteria Expert 1 Expert 2 Expert 3 Expert 4 Expert 5

C21 1 1 1 1 1 1
C22 2 3 2 3 4 2
C23 4 4 4 4 3 3
C24 3 2 3 2 2 4
WS 0.81 1 0.81 0.770 0.93

Table 10. The WS coefficients of the sub-criteria of C3.

Criteria The Final Ranking of
the Criteria Expert 1 Expert 2 Expert 3 Expert 4 Expert 5

C31 2 2 2 1 2 2
C32 1 1 1 2 1 1
WS 1 1 0.25 1 1

Table 11. The WS coefficients of the sub-criteria of C4.

Criteria The Final Ranking of
the Criteria Expert 1 Expert 2 Expert 3 Expert 4 Expert 5

C41 1 1 1 1 1 2
C42 3 2 3 3 2 3
C43 2 3 2 2 3 1
WS 0.75 1 1 0.75 0.375

7. Conclusions

The electricity transmission and distribution tariff reform has been the core and
important task for the new round of electric power system reform since 2015 in China, and
the electricity transmission and distribution tariff regulation has gone to the second round.
Currently, the electric power grid enterprises are facing a closed-loop regulatory system
and increasingly strict regulatory environment, which will bring risks to the sustainable
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operation and development of electric power grid enterprises. Therefore, it is urgent to
evaluate the risk of electric power grid enterprise that is related to electricity transmission
and distribution tariff regulation, which can aid the electricity regulators and electric power
grid enterprise operators to identify and avoid the related risk, as well as enabling the
electric power grid enterprise to obtain smoother and more sustainable development.

In this paper, a hybrid novel MCDM method for risk evaluation of electric power
grid enterprise that is related to electricity transmission and distribution tariff regulation
is proposed combining the FBWM for determining the optimal weights of risk criteria
and improved fuzzy comprehensive evaluation method based on vague set for ranking
the comprehensive risk grade of electric power grid enterprise. The empirical analysis
focusing on the risk of a province-level electric power grid enterprise that is located in
Northern China is performed, and the result indicates that the current comprehensive risk
grade of this province-level electric power grid enterprise related to electricity transmission
and distribution tariff regulation belongs to ‘High’, but it is very close to ‘Very high’. For
the specific risk, the grade of electricity transmission and distribution tariff compliance
risk belongs to ‘Very high’, while the grades of electricity transmission and distribution
tariff fluctuation risk, electricity transmission and distribution tariff fluctuation risk, and
electricity transmission and distribution tariff matching risk all belong to ‘High’. The result
indicates the province-level electric power grid enterprise in China is facing high risk
under current strict electricity transmission and distribution tariff regulation, which should
establish effective risk management system on the basis of its own situation, so as to identify
the risk and control the risk related to the electricity transmission and distribution tariff
regulation in a more timely manner, and finally adapt to the increasingly strict electricity
transmission and distribution tariff regulation environment in China.

Although the proposed hybrid MCDM method combining the FBWM and the im-
proved fuzzy comprehensive evaluation method based on a vague set for risk evaluation
of electric power grid enterprise related to electricity transmission and distribution tariff
regulation has been verified to be feasible and applicable, considering the increasingly
strict electricity transmission and distribution tariff regulation environment in China and
uncertainties of electricity marketization reform, the risk criteria of electric power grid
enterprise related to electricity transmission and distribution tariff regulation should be
updated regularly, and the related authorities also have the duty to carry out some policies
to ease the risk level of the electricity marketplace, so as to aid the electric power grid
enterprise to go through those risks, which enables them to make profits and improve
their quality in management and service. In this paper, the important risk factors have
been identified, such as the electricity transmission and distribution tariff compliance risk
and electricity transmission and distribution tariff fluctuation risk in the risk criteria level,
and the power grid investment constraint risk, required transmission and distribution cost
drop risk, electricity transmission, and distribution cost implementation deviation risk
and sustainable operational risk in the risk sub-criteria level, which should be paid greater
attention in the establishment of risk management system. The risk handling measurement
for electric power grid enterprise that is related to electricity transmission and distribution
tariff regulation will be studied in depth in the following research. However, the proposed
hybrid MCDM method presented in this paper can also be employed for the risk evaluation
of other provincial electric power grid enterprises in China and risk evaluation in other
issues that are related to electric power system reform.
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