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In the process of continuous promotion in the green electricity market, various
risks have emerged due to the inherent uncertainty and complex trading
environment of the market. Evaluating and controlling the risks through a
multi-dimensional evaluation is crucial for the smooth and healthy
development of the green electricity market. This work proposes a risk
assessment method for the green electricity market based on the multi-
dimensional cloud model. First, the comprehensive indicator evaluation system
is established for both pre-transaction and post-transaction dimensions by
analyzing the operating mechanism of the green electricity market. Second,
each dimensional cloud is formed by the evaluation clouds of all indicator
levels. The comprehensive risk level cloud is generated based on the indicator
values and the evaluation clouds of each indicator. Finally, the sources of market
risk are identified, and the corresponding risk management methods are proposed
on the basis of the risk evaluation level and membership degree of each indicator.
The case study results demonstrate that the proposed method can accurately
evaluate and reduce the potential risks existing in the green electricity market
through the two-stage detection mechanism.

KEYWORDS

green electricity market, multi-dimensional cloud, comprehensive indicator system, risk
evaluation, risk management

1 Introduction

The increasing proportion of renewable energy in the current power system is a key factor in
achieving the goal of low-carbon transformation in the electric power industry (Wang et al, 2014).
One of the challenges in promoting the development of renewable energy generation is in how to
create a market-oriented approach to encourage investment and innovation (Chen et al, 2020; Hu
et al, 2022). Hence, various countries have established corresponding market mechanisms based
on the environmental value of renewable energy to address this issue (Zhao et al, 2022; We;dzik
etal, 2017; Linnerud et al, 2017). The establishment of a green power trading market in China has
been initiated to sell green electricity in an integrated way in which green electricity trading
certificates are bundled with electricity (Wang et al, 2021). However, with the development of the
green electricity market in China, there are some potential risks that have to be addressed, such as
the performance risk caused by the uncertainty of green electricity (Gatzert et al, 2016) and
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inherent market risks. Therefore, it is essential to assess and control the
potential risks of the green electricity market.

Assessing market risks of human and random factors involves
evaluating both inherent uncertainties and market forces which are
crucial issues in evaluating market risks (Bukarica et al, 2016; Bao
etal, 2021). Currently, market risk assessment is carried out through
the construction of the relevant indicator system and evaluation
model. It has studied the method for evaluating price risk in the
electric power market (Deng et al, 2020), identified and controlled
market power in the spot market (Dong et al, 2021), and evaluated
the power market from a holistic perspective (Taysi et al, 2015; Lian
etal, 2018). However, the current indicator system does not consider
the adaptability of the green electricity market, and there is limited
research on indicators that address the uncertainty and unique
characteristics of the green electricity market.

Many studies have conducted comprehensive evaluations of the
indicator system. The retail credit risk was evaluated through the fuzzy
AHP method (De et al, 2019; Yu et al, 2021), but it cannot adapt to the
changes of the market environment. The operation and development of
renewable energy have been evaluated through the system dynamics
method (Liu et al, 2017) and entropy weight method (He et al, 2018). Due
to the problem of uncertainty and fuzziness in risk assessment in the
green energy market (Song et al, 2019), the cloud model is based on the
analysis of qualitative concepts using probability theory and fuzzy set
theory (Li et al, 2009). In order to realize the rational transformation of
qualitative and quantitative problems directly, the model consists of three
eigenvalues that describe the uncertainty and fuzziness of evaluation. The
cloud model is widely used in all kinds of evaluation, such as the electricity
market (Yan et al, 2017; Peng et al, 2018; Wang et al, 2020). In the green
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electricity market, since it involves multiple processes such as quotation,
transaction, and settlement, the risk should be evaluated from multiple
dimensions (Yu et al, 2009). Therefore, the multi-dimensional cloud
model is proposed to evaluate the green electricity market risk on the
basis of the cloud model.

In summary, there are many evaluation indicator systems and
models for the electric power market but fewer risk evaluation
methods
dimensions. Hence, this work proposes a risk evaluation system

for the green electricity market from multiple
for the green electricity market based on the multi-dimensional
cloud model and establishes the corresponding risk prevention and
control mechanism from the two dimensions of pre-transaction and

post-transaction. The contributions of this work are as follows:

(1) In response to the uncertainty of risk sources in the current
green electricity market, this work conducts a mechanism
analysis from the operation processes of the green electricity
market and establishes a pre- and post-market indicator
evaluation system as the basis for the quantitative risk
assessment of the green electricity market.

(2) Due to difficulty in qualitative assessment based on numerical
values of multi-dimensional indicators, this work proposes the
multi-dimensional cloud model to establish a comprehensive
evaluation cloud of risk levels and assesses the risks of green
electricity objectively.

(3) Based on the risks in the current green electricity market and
the of this
corresponding risk control mechanisms from the pre- and

results risk analysis, work establishes

post-market dimensions.
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Overall framework of this work.
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FIGURE 2

Schematic diagram of indicator system.

The remaining contents of the article are as follows: Section 2
introduces the method and model of risk evaluation in the green
electricity market. Section 3 proposes a two-stage market risk
management process. Section 4 analyzes the result through
simulation. Section 5 summarizes the whole article and gives the
conclusion.

2 Risk evaluation of green electricity
market

The goal of operating a green electricity market is to maintain
safe and effective competition in the market and to sustainably
reduce the uncertainties associated with various factors. The risk
may come from the uncertainty of renewable energy, abuse of
market power, and other such reasons in the green electricity
market, which may cause price manipulation, imbalance between
supply and demand, and profit damage. Therefore, the work
establishes a comprehensive risk evaluation model. According to
the market-related data, the market risk assessment level and
indicator radar chart are obtained. On the basis of risk
assessment, risk management is carried out from the two
dimensions of pre- and post-transaction. The overall structure of
this work is illustrated in Figure 1.

2.1 Construction of risk indicators system for
green electricity market

This work combines the risk assessment of the power market

and identification of market power abuse risk. Considering the
uncertainty of renewable energy, the unique pricing mechanism,
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and other characteristics of the green electricity market, the existing
indicator system should be changed or built. During the process of
risk assessment of the green electricity market, considering the
categories of risks and their specific dimensions, risks can be
divided into two dimensions of pre-transaction and post-
transaction evaluations. The pre-transaction dimension mainly
assesses the risks for the next transaction based on the
declaration data, such as the impact of market forces on prices.
The post-transaction dimension mainly evaluates the problems
existing in the transaction results, final actual performance, and
safety of the entire transaction process as the supervision of market
management and platform security. The schematic diagram of the
indicator system design is shown in Figure 2.

2.1.1 Pre-transaction indicators

Pre-transaction indicators are mainly used for risk review of the
entity behavior during the transaction declaration stage, such as
determining whether there is a situation of market disruption. Due
to the uncertainty of green electricity, the reasonable declaration of
electricity cannot be simply judged by capacity, so the historical
performance rate is introduced to judge the final performance data
of the declared quantity. At the same time, based on the declaration
data, the market structure is preliminarily evaluated to determine
the monopoly situation in the market.

2.1.1.1 Herfindahl-Hirschman Index indicator

The Herfindahl-Hirschman Index (HHI) coefficient is used to
measure the concentration of the market, which is measured by the
square of the proportion of each entity in the market to the size of
the market. It is considered to be judged from both the sale and
purchase sides. The maximum value of the two sides is used as the
HHI indicator of the whole market. It can be calculated as follows:

NG
HHI =) H}, 1)

i=1

where H; represents the market share of entity i.

2.1.1.2 Supply and demand matching ratio

The supply-demand matching ratio (SDR) is used to describe
the ratio between the production and demand of green electricity.
The balance between the supply and demand is used to assess the
stability of a transaction. The supply-demand matching ratio is
calculated as follows:

NG
Y RG;

SDR = £ —, )

2 RP;
j=1

NG L .
where Zi: | RGi represents the sum of green electricity production,

NP .
and z]_: | RP; represents the sum of green electricity demand.

2.1.1.3 Green electricity price manipulation rate

The green electricity price manipulation rate (PMR) is used
to describe the ratio of the entity quotation that differs from the
benchmark green electricity price by more than the benchmark
deviation rate. It is calculated from both the sale and purchase
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TABLE 1 Grade division of each indicator.

Indicators Division of risk level
2 3
HHI [5000,10000] | [2500,5000] [1500,2500]  [0,1500]
SDR [0,05] [0.5,0.9] [0.9,1.1] [1.1,5]
PMR [0.6,1] [0.4,0.6] [0.2,0.4] [0,02]
PSR [0,04] [0.4,0.7] [0.7,0.9] [0.9,1]
AQR [0,04] [0.4,0.7] [0.7,0.9] [0.9,1]
Lerner [0.07,1] [0.05,0.07] (0.02,0.05] [0,0.02]
MLI [0,03] [0.3,0.5] [0.5,0.8] [0.8,1]
APR [0,02] [0.2,0.4] [0.4,0.6] [0.6,1]
ISL 1 2 3 4
RL 1 2 4 5

sides, and the maximum value is taken. The indicator is
evaluated to prevent the green electricity generation side
from inflating prices on the one hand and green electricity
consumption side from undercutting prices and hindering
the development of renewable energy on the other. It is
calculated as follows:

1
| (Pi’Pst)/Pst >“s!|
wpE T

) €)

where p;, py, and 1, respectively, represent the quotation of the
entity, benchmark power price, and benchmark deviation rate. The
benchmark deviation rate is used to judge the price manipulation in
order to reflect the market matching of supply and demand better. It
is not considered the basis for the upper and lower limits of the
quotation and is just the judgment basis of whether there is a joint
bid-rigging by the entities.

2.1.1.4 Performance settlement rate

The performance settlement rate (PSR) is used to describe the
expected performance of the market, which is a judgment on the
uncertainty of green electricity production and consumption. It is
calculated by the weighted accumulation of each entity declaration
and historical performance rate for all entities. It is calculated as
follows:

_ Ay - genyy

Sgens, (4)

where n,, i, and gen, respectively, represent the current market
performance rate, historical performance rate of each entity, and
filing volume of each entity.

2.1.1.5 Abnormal quotation rate

The abnormal quotation rate (AQR) is used to describe the
abnormal non-profit quotation of the entities in order to determine
whether the quotation information has been tampered with or if
there are any other information security problems. It is calculated by

Frontiers in Energy Research

10.3389/fenrg.2023.1203633

using the rate of entities whose quotations exceed 20% of the
benchmark power price and is as follows:

1
_ | (Pi’P:t)/Psl >Nast |
n

) (5)

where p;, py, and n,,, respectively, represent the quotation,
benchmark price, and abnormal deviation rate.

2.1.2 Post-transaction indicators

The post-transaction indicators are mainly the assessment of the
exceptional clearing, actual performance, market regulation, and
information security in the whole process of a transaction.

2.1.2.1 Lerner indicator

The Lerner indicator has often been used to judge market
power, measured as the percentage markup of price above the
marginal cost. It is calculated by the deviation rate of the clearing
price from the marginal cost and uses it to set the quotation
threshold for the next trading. Due to the low marginal cost of
green electricity, the original calculation has low practicality. The
current pricing basis for green electricity is divided into electric
power price and environmental premium. Therefore, the
benchmark price of renewable energy is used instead of the
marginal cost. Meanwhile, deviation may have a positive or
negative value, which is the result of the game between green
electricity companies and power consumption users. Therefore,
the absolute value has to be taken when calculating the deviation
between the clearing price and benchmark power price, and the
modified Lerner indicator is as follows:

)\c - )\st

LI, =
m }\c

, (6)

where . and Ay represent the clearing price and benchmark power
price, respectively.

2.1.2.2 Market liquidity indicator

The market liquidity indicator (MLI) is used to describe the
current participation of market participants. If the market is not
active enough, it indicates that the market is at risk of shrinking in
trading size. It is calculated by the ratio of the current market volume
to the historical average.

_ NT;
Nra = NTavg’

7)

where NT,,, and NT; represent current and historical average
market volume.

2.1.2.3 Actual performance rate
The actual performance rate (APR) is used to describe the ratio
of total production to total consumption in the settlement process.

2.1.2.4 Information security level

The information security level (ISL) is used to describe whether
the entity information and transaction information are stolen or
tampered with in the transaction process beyond reasonable
disclosure. The ISL is assessed as a subjective indicator and is
scored through problems arising in the transaction process.

frontiersin.org
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FIGURE 3
Schematic diagram of cloud model and three digital features

2.1.2.5 Regulatory level

The regulatory level (RL) is used to judge whether the potential
problems in the market should be timely regulated. It is also a
subjective indicator to evaluate the supervision level of managers
and is scored through the problems in the transaction.

2.1.3 Division of indicator levels

As seen in the previous section 2.1.1 and section 2.1.2, indicators
are set from two dimensions: pre-transaction and post-transaction.
According to the level of division of each indicator, the evaluation
grade of each indicator is fuzzy divided. For the evaluation of the risk
level of each dimension, four levels—1, 2, 3, and 4—are set. The
specific division method is shown in Table 1. For the objective
evaluation indicators, some indicators are based on the existing
evaluation division methods, such as the HHI and Lerner index. The
risk division of other indicators is based on the current existing
index system and the characteristics and empirical values of the
green electricity market operation. For the subjective evaluation
indicators, according to the risk level, the corresponding scoring is
carried out to divide the risk level.

2.2 Evaluation model based on multi-
dimensional cloud model

2.2.1 Cloud model

In the actual evaluation process, the general evaluation model
usually deals with information between language and real or fuzzy
numbers that is difficult to overcome distortion, loss, and other
problems in information processing. The cloud model is an
uncertainty model that realizes the transformation from
qualitative to quantitative problems on the basis of the fuzzy
theory and probability theory, which can effectively solve the
uncertainty problem. Specifically, the cloud model can express
qualitative concepts with three digital features, Ex, En, and He,
which are shown in Figure 3. It can transform qualitative concepts
into quantitative values through the corresponding cloud
generator to realize the organic combination of ambiguity and
randomness in the concept. Among them, the expected value Ex
represents the center of the spatial distribution of cloud droplets in
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the discussion domain, which represents the concept of each risk
level in the green electricity market. Entropy describes the
uncertainty of the attribute concept, which is determined by the
discreteness and fuzziness of the indicator data and classification
boundaries. The hyper-entropy He is the entropy of entropy,
which objectively describes the degree of correlation between
fuzziness and randomness of each risk evaluation indicator and
is calculated as follows:

(i - Exi)2

= e"p[‘—zgz, ] (8)

2.2.2 Multi-dimensional normal cloud model

In the application of multi-indicator evaluation, the multi-
dimensional cloud model avoids the problem of determining the
weight of each indicator in most models by comparing the similarity
between each cloud that improves the efficiency and accuracy of
evaluation. The multi-dimensional cloud model is an expansion
based on the cloud model. Let U be an m-dimensional universe and
T be the qualitative concept on U, the elements of U (x1, x, . . ., xm)
the membership degree p for T is a random number with a stable
tendency. The membership degree is calculated as follows:

< (xij - Exij)2
p(x;) = exp [_;Tﬁu . )
In this work, the membership of the risk level is calculated by the
cloud generation algorithm. The cloud generation algorithm is
called a cloud generator and includes a forward cloud generator
and reverse cloud generator. The forward cloud generator is also
called the basic cloud generator. For the m-dimensional normal
cloud, the algorithm is as follows:
random  numbers  with
.Exm) as expectation and (E,,E....Eu,) as

1) Generate k m-dimensional
(Exla ExZ <.
variance.
2) Generate k m-dimensional random numbers with
(Em>Enp ... Eun) as expectation and (H.,He ... Hew) as
variance.

3) Calculate the degree of membership.
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2FE2

nij

2
p(x;) = exp I:—Z (X,]—y;]):|

j=1

2.2.3 Multi-indicator evaluation model based on
multi-dimensional normal cloud

There are many pre-transaction and post-transaction indicators in
the green electricity market that it is difficult to reasonably establish the
weight of each part when conducting risk assessment. Therefore, it is
more appropriate to use the multi-dimensional cloud model for
evaluation. The risk assessment process of the green electricity
market is based on the multi-dimensional cloud model, which is
summarized in Section 2.2. First, the cloud expansion is carried out
at the comments level of every indicator in each dimension, and the data
on the market transaction operation are collected. Second, the forward
cloud generator is used to generate enough cloud droplets to establish
the multi-dimensional comprehensive cloud model describing the
sample attributes. Third, the sample cloud droplets generated by the
forward cloud generator are taken as the input. The evaluation results
are finally obtained by using the multi-dimensional cloud model
evaluation method. The specific process is as follows, and the
flowchart is shown in Figure 4.

1) The indicator level evaluation cloud corresponding to level j is

generated according to indicator i, and its three characteristic
quantities are calculated as follows:

rmax;; +rmin;;

Ex," =
! 2
rmax;; —rmin;; , (11)
En,'j = %
He,'j =0.05

where Exij, Emij, and He;; represent expectation, entropy, and
hyper-entropy of level j in the indicator i. rmax;; and rmin;;
represent the upper and lower bounds of level j.

2) In each dimension, m-dimensional random numbers
(Enrl,jEn’Z.jEn;,)j are (En1s Epp.Em)
expectation and (H,i, Hep.Hem) as variance in its rating

generated  with as
cloud, taking level j as an example.
3) The membership of the sample data is calculated with

m-dimensional random numbers.

) m (xij - Exgj)z]
u i) =exp[— |
z 2E’fu]

=

(12)

The risk level evaluation is calculated in dimension m.
>u(i) - Ex;
2u (i)
_ Su(i) - En;
Yu
Yu(i)-He;
26 (i)

Ex (k) =
En(k) (13)

He (k) =
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Flowchart of cloud model and three digital features.

The random number in (2) is taken 2,000 times, and the
operations (2)-(4) are cycled. The average of the three
eigenvalues is calculated as the final result. Among these, the
final Ex is taken as the result value of its evaluation, and the ratio
of the mean value o to the variance is taken as its credibility factor

B.

3
=—— ) Ex(k)
2000 &
1 2000
o=\—— ¥ [Ex(k) - Ex]? (14)
2000 &
E,
F=%
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3 Two-stage market prevention and
control mechanism

After the multi-dimensional cloud comprehensive level evaluation,
the current market operation is subdivided according to the evaluation
level results. On the result of cloud evaluation, the membership degree of
each indicator level is divided according to the indicator value. The
m-dimensional normal random number is generated according to the
entropy and hyper-entropy in the cloud model. The cloud correlation
degree between the value to be evaluated and each indicator level is
calculated. According to the principle of maximum membership, the
rank of each indicator is determined. Then, the corresponding prevention
and control are carried out according to the specific indicators which is
shown in the Figure 5.

3.1 Pre-transaction risk prevention and
control mechanism

3.1.1 Price modification mechanism

There are two kinds of problems in the price declared by the
entities: the abnormal price of the individual entity and string
bidding of multiple entities. For the first kind of problem, if
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caused by factors such as information tampering, then the entity
has to declare again. If caused by its own factors, the reference price
will be modified. For the other kind of problem, if it is the risk of
multiple entities making a serial bid together, the reference price has
to be modified by the quotation. The reference quotation is mainly
based on the construction input cost and operating cost of the
enterprise, and the calculation method is as follows:

Cref = Cull X Ugq X (1 +R) + Call X Opgs (15)

where C,.s and Cgy represent the reference price and the total cost,
respectively. agq, ®,4, and R represent the fixed cost, operating cost,
and the rate of return on fixed assets, respectively. For users, if their
share of green attributes is too high and there is a situation of market
manipulation, they have to declare separately.

3.1.2 Quoted volume modification mechanism

There are also two types of problems with the price declared by an
entity. One is that the market share of the entity may be too high, which
tends to make the market structure monopolistic, and the other is that
the current performance rate of the entity is low, which may cause a
default risk in the later stage of transaction settlement. The first problem
requires the entity to make a separate quotation in order to reduce the
impact of its own behavior on the market price. The second type of
problem is modified according to the average level of its historical power
generation, considering the performance rate.

3.2 Post-transaction risk prevention and
control mechanism

3.2.1 Entity access level design

The default of the entity may have a serious impact on the
operation of the whole power grid. The prevention of the default risk
of the entity is mainly from two aspects: calculating the current
performance of the entity and specifying the declarable scale of its
transaction in the next stage according to the performance rate of the
entity. A total of four levels are set according to the performance
rate, and each level corresponds to a different proportion of
declaration and margin. The scale of declaration in the next stage
is calculated by the current trading volume and proportion of
declaration. The admission level design is shown in Table 2.

4 Case study

In this work, the green electricity market risk assessment is
carried out in two scenarios, namely, pre-transaction and post-
transaction, by setting two market transaction data for comparison.
In this case, five electricity buyers and seven power generation
entities are set up to conduct transactions through a centralized
bidding to unify the clearing price.

4.1 Pre-transaction risk assessment and
analysis

Two sets of data are set before the transaction, where one group
of healthy market entities declare normally but with a market

frontiersin.org
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TABLE 2 Design of evaluation grade.

10.3389/fenrg.2023.1203633

Evaluation level Performance rate Declaration scale Margin ratio
A >90% 100% 5%
B 70%-90% 80% 10%
C 60%-70% 60% 15%
D <60% — _

structure biased to monopoly and the other group has market power
and multiple entities deliberately bid up the electricity price, and
there is an abnormal quotation situation of one entity. The specific
declaration data are given in the Table 3 and Table 4.

The evaluation cloud of each indicator level is calculated
according to the value of the pre-transaction indicator and the
grade range. At the same time, the top and bottom of some
indicators are changed, considering the availability of some
ranges. The characteristic values of the cloud model of each
grade are shown in Table 5. According to the declaration data,
the indicator evaluation values of control sets A and B are generated
which is shown in Table 6.

According to the evaluation grade, five types of indicators are fused
to generate the multi-dimensional indicator evaluation comprehensive
cloud. Then, the normal multi-dimensional random number is
generated, and the membership degree is calculated by combining
the current evaluation indicator value with the generated random
number, which forms a group of cloud droplets. In order to reduce
the randomness of random number generation, the average
membership is obtained by performing the generation for
10,000 times. The expected mean value of control set A is 2.9366,
and the credible factor obtained by the ratio of expected variance to the
mean value is 0.0638. The expected average value of control set B is
39324, and the expected credibility factor is 0.0453. Thus, the
evaluation cloud of each of its control group is constructed, as
shown in Figure 6.

Among them, dark blue, red, yellow, and purple are the risk-level
standard cloud maps, while green and light blue are the evaluation cloud
maps of control sets A and B, respectively. According to the current
evaluation cloud correlation degree, it can be seen that control set A is of
level Il slight risk and control set B is riskless. By further analyzing
control set A by indicator, the grade evaluation of each indicator can be
obtained according to the principle of maximum membership, as shown
in Figure 7. It can be seen that there are two serious level I risks, one
important level II risk, and two minor level III risks in the declaration
data of control set A. In the market structure, there is a level I risk that is
biased toward monopoly, and there is a level I risk where multiple
entities bid up the electricity price. Therefore, in the process of pre-site
risk prevention and control, it is necessary to modify the quotation of the
entity by reference and make separate price declarations for the entity
with large market declarations, such as the G1 entity. In addition, there is
a level |l risk of abnormal quotation of the entity, so it is necessary to
verify the quotation before the transaction for the entity and judge
whether the information system of the market platform is affected by an
attack that leads to abnormal data. At the same time, there is an
asymmetry between supply and demand in the declaration-matching
rate, and the overall performance rate is low, so it is necessary to control

Frontiers in Energy Research

TABLE 3 Transaction declaration data of control group A.

Entities Quotation Volume Performance rate
Gl 452 550 0.8
G2 448 180 0.70
G3 449 140 091
G4 448 90 0.61
G5 448 140 05
P1 452 200 0.76
P2 451 195 0.83
P3 451 190 0.92
P4 449 160 0.86
P5 452 145 0.82
P6 453 150 0.66
p7 452 90 073

TABLE 4 Transaction declaration data of control group B.

Entities Quotation Volume Performance rate
Gl 4436 400.7 0.84
G2 443.7 326.6 0.89
G3 4451 144.1 0.85
G4 444.2 111.9 0.92
G5 4441 163.1 0.81
Pl 447.0 202.2 0.96
P2 448.0 203.0 0.93
P3 447.5 134.8 0.92
P4 447.0 147.7 0.86
P5 448.0 145.0 0.88
P6 450.9 120.7 0.76
P7 4483 1153 091

the access trading volume before trading. The membership degree is
calculated by combining the current evaluation indicator value with the
generated random number, thus forming a group of cloud droplets..
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TABLE 5 Indicator grade evaluation cloud.

10.3389/fenrg.2023.1203633

Indicator Level 1 (Ex, En, He) Level 2 (Ex, En, He) Level 3 (Ex, En, He) Level 4 (Ex, En, He)
A0 [1, 0.0167, 0.05] [2, 0.0167, 0.05] (3, 0.0167, 0.05] [4, 0.0167, 0.05]
Al (6500, 500, 0.05] [3750, 416.7, 0.05] [2000, 166.7, 0.05] [750, 250, 0.05]
A2 [0.1, 0.033, 0.05] [0.3, 0.033, 0.05] (0.5, 0.033, 0.05] [0.7, 0.033, 0.05]
A3 [0.25, 0.033, 0.05] [0.15, 0.033, 0.05] [0.075, 0.0167, 0.05] [0.025, 0.0167, 0.05]
A4 [0.2, 0.067, 0.05] [0.55, 0.05, 0.05] (0.8, 0.033, 0.05] [0.95, 0.0167, 0.05]
A5 [0.25, 0.033, 0.05] [0.15, 0.033, 0.05] [0.075, 0.0167, 0.05] [0.025, 0.0167, 0.05]
1 1
0.8 0.8° J
0.6 1 0.6 1
0.4 1 0.4 1
02 1 02 il
R R T 3 4 ) 0 Risk level! 2 3
Risk level " -  Evaluation cloud of level 1
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FIGURE 6 FIGURE 8

Cloud figure of pre-transaction comprehensive risk in the green
electricity market.

FIGURE 7
Indicator grade of group A.

4.2 Post-transaction risk assessment and
analysis

After pre-transaction risk assessment and identification, the
transaction result is generated, and the uniform clearing price is

Frontiers in Energy Research

Cloud figure of post-transaction comprehensive risk in the green
electricity market.

specified according to the principle of maximum social welfare.
In the process of evaluation, the evaluation cloud of each level is
also generated for the post-transaction indicator, and the
comprehensive cloud is generated by collection. According to
the random number generated by the comprehensive evaluation
cloud and the post-transaction data (Table 7), the membership
degree calculation is carried out to generate cloud droplets. It is
assumed that the abnormal price before halftime in control set A
is due to data tampering, and its information security is scored as
2 points according to the degree of influence which is shown in
the Table 7.

The post-transaction risk grade evaluation cloud map generated
by combining the aforementioned factors is shown in Figure 8. The
expected mean value of control set A is 3.0322, and the credibility
factor obtained by the ratio of expected variance to the mean value is
0.0582. The expected average value of control set B is 3.9998, and the
expected credibility factor is 0.0453.

Among these, dark blue, red, yellow, and purple are the risk level
standard cloud maps, while green and light blue are the level
evaluation cloud maps of control sets A and B, respectively. It
can be seen that there is no risk in control set B, while there is a slight
risk in control set A. Through the indicator evaluation of
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TABLE 6 Indicator evaluation values of pre-transaction.

Indicator
Set A 0.32 0.77 0.40 0.77 0.08
Set B 0.21 0.97 0.00 0.88 0.00

TABLE 7 Indicator values of post-transaction.

Indicator
Set A 0.02 0.92 0.91 2.00 4.00
Set B 0.00 0.92 1.00 4.00 4.00

membership matrix in control set B, it can be seen that the existing
risk mainly lies in the influence of high Lerner coefficient and
information security risk.

0.00 0.00 0.12 0.00
0.00 0.00 0.00 0.87
0.00 0.00 0.01 0.06
0.00 1.00 0.00 0.00
0.00 0.00 0.00 1.00

u(x) = (16)

5 Conclusion

This work proposes a method to comprehensively evaluate
the risk in the green electricity market based on the multi-
establish
management from pre-transaction and post-transaction. First,
this article establishes the green electricity market risk evaluation

dimensional cloud model and relevant  risk

indicator system from the two dimensions of pre-transaction and
post-transaction. Second, the multi-dimensional normal cloud
model is used to classify the risk level in each dimension
combined with multiple types of indicators. Finally, according
to the evaluation results, risk management was carried out pre-
site and post-site, so as to form a two-stage control mode. Next,
the optimization of multi-dimensional normal cloud models and
various indicator-level fusions have to be studied. The calculation
methods of various indicators are further refined and improved
and quantify the risk reduction effect of various risk control
mechanisms.
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