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Abstract: In the context of energy transformation, new energy technologies are developing rapidly,
the penetration rate of new energy is increasing, and the energy structure tends to be low-carbon,
which leads to the asymmetry between traditional energy and new energy. At present, the smart
power grid can be conceived as a complex cyber-physical system, and its resilience assessment in
the face of extreme disasters needs more holistic consideration. Therefore, considering the impact
of massive access to new energy on the resilience of the power grid main network, the resilience
evaluation index system of the power grid main network under the background of the energy
transition is established. It is proposed to use the priority comparison method and CRITIC (Criteria
Importance Through Intercriteria Correlation) to determine the subjective weight and subjective and
objective weight of the index, respectively, and combine the influence of the two weights to obtain the
comprehensive weight. Then, TOPSIS (Technique for Order Preference by Similarity to Ideal Solution)
is used to evaluate the regional power grid restoring force. The results of an example show that the
proposed method can effectively evaluate the resilience level of the power grid under the background
of the energy transition, which has a certain guiding significance for improving the power grid’s
resilience under the environment of energy transformation.

Keywords: energy transformation; resilience evaluation; main grid; priority comparison method;
CRITIC; comprehensive weight; TOPSIS

1. Introduction

With the continuous progress and maturity of new energy power generation tech-
nology, the permeability of renewable energy in the power grid is gradually increasing,
which leads to the asymmetry between traditional animation and new energy in the energy
structure of the power grid [1,2]. In recent years, abnormal global climate change has led to
frequent extreme disasters [3], which have affected the power grid in varying degrees under
the background of energy transformation [4–6]. Now the smart grid can be conceived as a
complex cyber-physical system, and the main network is its main transmission network [7].
It is of great significance to study the resilience evaluation of its response to extreme natural
disasters, which can enhance the flexibility of the power grid and reduce the loss of the
power grid in the face of extreme natural disasters [8,9].

Many scholars have carried out research on the evaluation of power grid resilience.
Literature [10] combines various features of the concept of power system resilience, puts
forward a quantitative evaluation framework of power system resilience considering
multi-infinitesimal effects, and describes the recovery process from the perspective of
resilience according to the severity and types of events. Reference [11] analyzes the role of
self-sufficient microgrids and networked microgrids in improving the elasticity of power
systems. Reference [12] introduced a set of factors that are utilized for the resiliency
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quantification of microgrid (MG) systems. Reference [13] proposed an innovative multi-
layered architecture to deploy heterogeneous automation and monitoring systems for
microgrids. The comprehensive fuzzy evaluation method is proposed in reference [14] to
quantify the power grid’s resilience. The above literature shows that the microgrid structure
can improve the power grid’s resilience. However, it is necessary to consider the asymmetry
of the energy structure caused by the increase in the penetration rate of new energy. In
reference [15], a method based on enhancing the flexibility of the distribution network
is proposed by combining distributed power planning with network reconfiguration.
Literature [16] presented a pre-dispatch model of distribution networks considering the
consequences of random failure. Reference [17] proposes a demonstration framework to
enhance the resilience of the distribution network by using multi-microgrid and mobile
energy storage under extreme operating conditions. However, the research object is limited
to the distribution network, and little consideration is given to the resilience of the main
network. Reference [18] studies the use of defensive islands to improve the power grid’s
resilience to extreme weather events and evaluates the resilience based on the vulnerability
curve. However, the research on the specific power grid resilience evaluation methods is
insufficient. The research on the power grid resilience assessment in the above literature
is mainly focused on the distribution network. There are few studies on the resilience
assessment of the main grid, and the impact of new energy access on the power grid
resilience is rarely considered.

Given the above problems, this paper constructs the evaluation index system of the
resilience of the main network under the background of energy transformation. It puts
forward the evaluation method of the resilience of the main network based on comprehen-
sive weight and TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) to
quantify the resilience level of the main network. Firstly, according to the time dimension
of the recovery process of a severe disaster, the power grid is divided into the pre-disaster
prevention stage, disaster development stage, and post-disaster recovery stage. In the
spatial dimension, the main network is divided into the power generation side and trans-
mission side. Secondly, we consider the asymmetry of the grid energy structure in the
energy transition context. In extreme disasters, the performance losses of new energy units
and traditional thermal power units on the generation side are counted and calculated,
respectively. The recovery efficiency of new energy units and traditional units in the re-
covery stage is calculated separately; the key busbar’s load loss rate and the recovery rate
are taken as essential indices on the transmission side. And the evaluation index system
of power grid resilience under the background of energy transformation is constructed.
Finally, to avoid the deficiency of the single weighting method, the subjective weight of
the index is obtained by using the priority comparison method, and the CRITIC (Criteria
Importance Through Intercriteria Correlation) obtains the objective weight of the index [19],
and then the comprehensive weight is obtained by combining the two. On this basis, the
TOPSIS is used to comprehensively evaluate the resilience of the main grid [20,21].

The structure of the rest of the paper is as follows. Section 2 constructs the evaluation
index system of the main network resilience under the background of energy transforma-
tion. Section 3 introduces the calculated index comprehensive weight method and the main
network resilience evaluation method and carries on the modelling. Section 4 analyzes the
feasibility of the proposed approach through an example, and Section 5 is the conclusion
and prospect part.

2. Index System for Evaluating the Resilience of the Main Power Grid under the
Background of Energy Transformation

This section first analyzes the influence of the time and space dimensions on the power
grid in the face of extreme disasters. It puts forward the corresponding resilience index in
the time and space dimensions. Together, each part of the index constitutes the evaluation
index system of the resilience of the main power grid.
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2.1. Spatio-Temporal Dimension Division of Disaster Recovery Process of the Main Power Grid

The destruction and impact of extreme disasters on the power grid are carried out
in space-time [22,23]. To propose a resilience index that can accurately reflect the disaster
response capability of the main power grid, we divide the recovery process of extreme
disasters into three stages according to the time dimension. As shown in Figure 1, in the pre-
disaster prevention stage t0~t1, the power grid can take some disaster prevention measures
in the normal working stage, and the resilience index in this stage is mainly related to
pre-prevention. In the disaster development stage t1~t3, extreme disasters cause continuous
damage to the power grid, and the resilience index in this stage is mainly related to the
severity of the loss caused by the disaster to the power grid. In the post-disaster recovery
stage t3~t4, the power grid gradually recovers from the damage through adjustment, and
the resilience index in this stage is mainly based on recovery efficiency [24].

Symmetry 2022, 14, x FOR PEER REVIEW 3 of 14 
 

 

index in the time and space dimensions. Together, each part of the index constitutes the 
evaluation index system of the resilience of the main power grid. 

2.1. Spatio-Temporal Dimension Division of Disaster Recovery Process of the Main Power Grid 
The destruction and impact of extreme disasters on the power grid are carried out in 

space-time [22,23]. To propose a resilience index that can accurately reflect the disaster 
response capability of the main power grid, we divide the recovery process of extreme 
disasters into three stages according to the time dimension. As shown in Figure 1, in the 
pre-disaster prevention stage t0~t1, the power grid can take some disaster prevention 
measures in the normal working stage, and the resilience index in this stage is mainly 
related to pre-prevention. In the disaster development stage t1~t3, extreme disasters cause 
continuous damage to the power grid, and the resilience index in this stage is mainly re-
lated to the severity of the loss caused by the disaster to the power grid. In the post-disas-
ter recovery stage t3~t4, the power grid gradually recovers from the damage through ad-
justment, and the resilience index in this stage is mainly based on recovery efficiency [24]. 

Sy
st

em
 

pe
rf

or
m

an
ce

Pre-disaster 
prevention

Disaster 
occurrence

Disaster development 
stage

Restoration 
measures

post-disaster 
recovery stage

timet1 t4t3t2t0  
Figure 1. The disaster recovery process of the power grid in the time dimension. 

Then, in space, the disaster and recovery on the generation side and the disaster and 
recovery on the transmission side are considered, respectively. 

Finally, the corresponding resilience indices are put forward according to the three 
stages of time division and the two parts of space. 

2.2. Index System for Evaluating the Resilience of the Main Network in Space-Time Dimension 
under the Background of Energy Transformation 

With the rapid development of new energy-related technologies, the proportion of 
renewable energy such as wind power and photovoltaics connected to the power grid is 
increasing. The relevant indices of traditional power grid resilience evaluation cannot ac-
curately evaluate the resilience of the power grid. Therefore, considering the asymmetry 
of energy structure, this paper puts forward the evaluation index system of the resilience 
of the main power grid under the background of energy transformation according to the 
division of time and space. 

Time dimension: consider the prevention capability of the power grid before the dis-
aster, including emergency resource regulation and control capability, uniformity of im-
portant load distribution, crisis early warning ability, new energy prediction accuracy, 
regional standby power coverage. In the catastrophe development stage, the power grid 
performance loss is mainly considered, and the new energy units are considered sepa-
rately from the traditional thermal power units. The indices include the power loss of tra-
ditional thermal power units, the power loss of new energy units, the loss of key busload, 
the total load loss, and power outage loss. The recovery efficiency is considered in the 

Figure 1. The disaster recovery process of the power grid in the time dimension.

Then, in space, the disaster and recovery on the generation side and the disaster and
recovery on the transmission side are considered, respectively.

Finally, the corresponding resilience indices are put forward according to the three
stages of time division and the two parts of space.

2.2. Index System for Evaluating the Resilience of the Main Network in Space-Time Dimension
under the Background of Energy Transformation

With the rapid development of new energy-related technologies, the proportion of
renewable energy such as wind power and photovoltaics connected to the power grid
is increasing. The relevant indices of traditional power grid resilience evaluation cannot
accurately evaluate the resilience of the power grid. Therefore, considering the asymmetry
of energy structure, this paper puts forward the evaluation index system of the resilience
of the main power grid under the background of energy transformation according to the
division of time and space.

Time dimension: consider the prevention capability of the power grid before the
disaster, including emergency resource regulation and control capability, uniformity of
important load distribution, crisis early warning ability, new energy prediction accuracy,
regional standby power coverage. In the catastrophe development stage, the power grid
performance loss is mainly considered, and the new energy units are considered separately
from the traditional thermal power units. The indices include the power loss of traditional
thermal power units, the power loss of new energy units, the loss of key busload, the total
load loss, and power outage loss. The recovery efficiency is considered in the post-disaster
recovery stage, including traditional unit recovery efficiency, new energy unit recovery
efficiency, key load recovery efficiency and total load recovery efficiency.
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In terms of spatial dimension, new energy units are considered separately from
traditional units on the generation side. These include substation total shutdown check
pass rate, traditional unit outage rate, and new energy unit outage rate. The transmission
side takes the key bus load-related index as the essential index, including transmission line
strength, key bus load loss rate, and total load loss rate.

Power grid resilience considers the ability to minimize load loss under extreme weather
conditions, and power grid reliability describes the ability to meet the power supply
needs of users under normal operating conditions. Both of them describe the fault state
characteristics of the power grid from different angles. The reliability index SAIDI and
SAIFI characterize the time to eliminate power grid faults. Their characteristics can also be
used to evaluate the power grid’s resilience. Therefore, these two indices are added to the
disaster recovery phase of the resilience index system to assess the power grid’s resilience
more accurately.

The index system of the resilience of the main power grid is shown in Table 1 below:

Table 1. Resilience index system of main power grid under the background of energy transition.

First-Level Index Secondary Index

Pre-disaster prevention stage (T1)

Emergency resource regulation and control capability x1
Uniformity of important load distribution x2

Crisis early warning ability x3
Accuracy of new energy forecast x4

Coverage of regional standby power supply x5

Catastrophe development stage (T2)

The power loss of traditional thermal power units x6
The power loss of new energy units x7

Critical busbar load loss x8
Total loss of load x9

Outage loss x10

Post-disaster recovery stage (T3)

The recovery efficiency of traditional unit x11
The recovery efficiency of new energy units x12

SAIFI (System average interruption frequency index) x13

SAIDI (System average interruption duration index) x14

Generating side (S1)
Full stop check pass rate of substation x15

Traditional unit outage rate x16

Outage rate of new energy units x17

Transmission side (S2)
Transmission line strength x18
Critical bus load loss rate x19

Total load loss rate x20

The index system proposed in this paper includes, but is not limited to, the indices
mentioned in this paper. The index proposed in this paper is the most basic indices for
evaluating the power grid’s resilience with the gradual increase of new energy permeability.
According to the different extreme disasters suffered in different regions, some indices
related to disasters should be increased appropriately.

3. Calculation of Index Weight and Evaluation of Resilience of Main Power Grid

This section first introduces the calculation method of the subjective and objective
weight of the index and then combines the two to get the comprehensive weight of the
index. Then a model for evaluating the resilience of the main power grid based on TOPSIS
is constructed.

3.1. Subjective Weight of Indices

In this paper, the priority order comparison method is used to calculate the subjective
weight of the index, which mainly aims at the situation of multiple indices, compares the
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indices in pairs, and sorts the index in the index system. This method can be easily applied
to multi-index problems, and it can also deal with qualitative issues and quantitative issues.
This method depends on experts’ subjective experience and judgment and can reflect the
importance of indices in the actual power grid.

The specific steps of the priority order comparison method are as follows:

(1) The importance of assignment of indices

The importance judgment level is expressed by the five levels of 1, 2, 3, 4 and 5, and
the experts grade the importance of the index by pairwise comparison of the index; if one
index importance is 5, the other index importance is 0; if one index is 3, the other index
importance is 2.

(2) Calculate the score of each index

Suppose the important assignment of the index is obtained through step 1, as shown
in Table 2, and the score of each index is added to get the total score of the index.

Table 2. Index scores of the priority comparison method.

Index x1 x2 . . . xn Index Score

x1 a11 a12 . . . a1n
n
∑

j=1
a1j = A1

x2 a21 a22 a2n
n
∑

j=1
a2j = A2

. . . . . . . . .
xn an1 an2 ann

n
∑

j=1
anj = An

(3) Calculate the subjective weight of the index

According to the index score obtained in step 2, The score of the index x1, x2, x3, . . . ,
xn is A1, A2, A3, . . . . . . , An, respectively. Then the subjective weight of the ith index of the
sample is αi.

αi = Ai

/
∑n

j=1 Aj (1)

Then the subjective weight vector is α = [α1, α2, · · · , αn].

3.2. Objective Weights of Indices

The objective weights of the indices in this paper are calculated using the CRITIC
method. This method characterizes the objective weights of indices in terms of the contrast
of index data and the conflicting nature of indices. It uses the objective properties of the
data itself to assign weights to indices objectively. With m assessment samples and n
evaluation indices, the evaluation matrix X can be obtained as follows:

X =


x11 x12 · · · x1n
x21 x22 · · · x2n

...
...

. . .
...

xm1 xm2 · · · xmn

 (2)

The calculation steps of the CRITIC for calculating the objective weights are as follows:

(1) Positive indices

Since there are both benefit indices and cost indices in the resilience index system
constructed in this paper, the co-existence of the two indices will increase the amount of
calculation of the index system. To facilitate the follow-up quantitative evaluation, we
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forward the indicators, take the cost-based index will be converted into the benefit-based
index. The conversion mode is shown in Formula (3).

x′ ij = xjmax − xij i = 1, 2, · · · , m j = 1, 2, · · · , n (3)

where, xij is the maximum value of the ith index, that is, the maximum value of the ith
column of the matrix X.

After the above forwarding, we get the positive evaluation matrix X′:

X′ =


x′11 x′12 · · · x′1n
x′21 x′22 · · · x′2n

...
...

. . .
...

x′m1 x′m2 · · · x′mn

 (4)

(2) Calculate the index contrast and conflict

In the CRITIC, the contrast of the index is expressed by the standard deviation between
the indices, that is, the difference between the values of the same index in different schemes,
and the conflict between the indices is expressed by the correlation coefficient, indicating
the degree of difference between the index and other indices in the index system.

The formula for calculating the contrast of the index is shown in Formula (5):
x̃′j =

1
m ∑m

i=1 x′ ij

Sj =

√
∑m

i=1 (x′ ij−x̃′j)
2

m−1

j = 1, 2, · · · , n (5)

In the formula, x̃′j represents the mean value of each scheme of the jth index; Sj
represents the standard deviation of the jth index. The larger the Sj, the greater the
fluctuation of the index, the more information it reflects, and the more potent its evaluation
strength.

The formula for calculating the conflict of indices is shown in Formula (6):

Rj =
n

∑
i=1

(1− rij) j = 1, 2, · · · , n (6)

In the formula, rij represents the correlation coefficient between the evaluation index
i and j; Rj indicates the conflict between the j index and other indices. The smaller Rj
suggests that the information expressed by this index is similar to other indices, which
weakens the evaluation intensity of the index to a certain extent.

Calculate the amount of information and objective weight of the index.
The CRITIC calculates the amount of information contained in the index by analyzing

the contrast and conflict of the index. The formula is shown in Formula (7):

Cj = Sj × Rj j = 1, 2, · · · , n (7)

Cj indicates the amount of information contained in the index. The larger the Cj, the
greater the amount of information contained in the jth index, then the index is relatively
important, and the weight should be more significant.

To sum up, the objective weight βj calculation formula is shown in Formula (8):

β j =
Cj

∑n
k=1 Ck

j = 1, 2, · · · , n (8)

Then, the objective weight vector is β = [β1, β2, · · · , βn].
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3.3. Comprehensive Weight of Indices

The subjective weight vector α and objective weight vector β are calculated by using
the above priority comparison method and CRITIC. Because the subjective weight is
subjective, and the objective weight cannot reflect the importance of the index in the
actual power grid resilience evaluation, to obtain a more scientific comprehensive weight,
according to the principle of minimum discriminant information in information theory,
taking the minimum discriminant information as the optimization objective; getting the
comprehensive weight is not less than 0 and the sum is 1 as the constraint condition, the
objective function is established as shown in Formula (9):

minH(ω) =
n
∑

j=1

(
ωj ln

ωj
αj

+ ωj ln
ωj
β j

)
s.t.

n
∑

j=1
ωj = 1, ωj ≥ 0 j = 1, 2, · · · , n

(9)

By solving the mathematical optimization model, the comprehensive weight ωj is
obtained, as shown in Formula (10):

ωj =

√
αjβ j

n
∑

k=1

√
αkβk

j = 1, 2, · · · , n (10)

Then, the comprehensive weight vector isω = [ω1, ω2, · · · , ωn].

3.4. Evaluation of Resilience of Main Power Grid

After obtaining the comprehensive weight of the evaluation index through the above
calculation, the weighted index value of each evaluation sample can be obtained by
weighted calculation of the index data, and all sample schemes can be comprehensively
evaluated and calculated by the weighted index. In this paper, the TOPSIS is used to evalu-
ate the resilience of the main power network of each sampling scheme. The principle of the
TOPSIS is to select the optimal solution and the worst solution according to each evaluation
scheme and get the ranking results of each scheme by calculating the proximity between
the evaluation scheme and the optimal solution. It has the advantages of truthfulness,
intuition and reliability and can accurately consider the comprehensive influence of many
influence indices. It is a widely used comprehensive evaluation method.

The specific steps of TOPSIS are as follows:

(1) Standardization of indices

When using TOPSIS, to eliminate the influence of different attributes of each index
and get more intuitive results, the original index data were subjected to dimensionless
normalization.

Let the standardized matrix be X. The calculation of each element in X is shown in
Formula (11):

x′′ ij = x′ ij

/√
∑m

i=1 x′ ij j = 1, 2, . . . , n (11)

(2) Determine the weighting matrix

According to the standard matrix X′′ and the comprehensive weight of the index, the
weighted evaluation matrix is calculated, as shown in Formulas (12) and (13):

Zj = ωjX′′ j j = 1, 2, · · · , n (12)

Z = [Z1, Z2, · · · , Zn] (13)

In the formula: Zj is the j column of Z and Xj is the j column of X.
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(3) Calculate the relative distance

After the above indices are positive, standardized and weighted, the larger the value
of the calculation result, the better the evaluation result. Therefore, the optimal solution Z+

is composed of the maximum value of each index, and the worst solution Z− is composed
of the minimum value of each index.

Z+ = (z1
+, z2

+, · · · , zn
+)

=


max(z11, z21, · · · , zm1),
max(z12, z22, · · · , zm2),
· · ·
max(z1n, z2n, · · · , zmn)


(14)

Z− = (z1
−, z2

−, · · · , zn
−)

=


min(z11, z21, · · · , zm1),
min(z12, z22, · · · , zm2),
· · ·
min(z1n, z2n, · · · , zmn)


(15)

The formula for calculating the distance from the evaluation sample to the optimal
solution D+ and the distance to the worst solution D− is as follows:

Di
+ =

√√√√ n

∑
j=1

(zj
+ − zij)

2 i = 1, 2, · · · , m (16)

Di
− =

√√√√ n

∑
j=1

(zj
− − zij)

2 i = 1, 2, · · · , m (17)

In the formula: Di
+ is the distance from the ith solution to the positive ideal solution,

and Di
− is the distance from the ith solution to the negative ideal solution.

(4) Calculate the relative closeness

TOPSIS uses relative closeness to characterize the distance relationship between the
evaluation sample and the optimal or worst solution. The formula for calculating the
relative closeness Si is shown in the Formula (18):

Si =
Di
−

Di
+ + Di

− i = 1, 2, · · · , m (18)

4. Case Study

This section first shows the example analysis process in the form of a flow chart,
then takes a regional power grid as a sample to evaluate and analyze the resilience of its
main network.

4.1. Evaluation Process

According to the evaluation index system of the main network resilience under the
background of energy transformation, combined with the above evaluation methods, the
evaluation process of the main network resilience is shown in Figure 2.
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4.2. Case Analysis

To verify that the evaluation index system and method proposed in this paper can
effectively evaluate the resilience level of the main power grid in the context of the energy
transition, we take the power grids of four areas in one region as the evaluation samples.
The power grids of four areas in a region are taken as evaluation samples. This area is
located in a coastal city, and its extreme disasters are mainly typhoons. Taking the typhoon
disasters in this area as an example, we evaluated the area’s resilience level after external
shocks. The regional grid transmission network is shown in Figure 3.

According to the index system of the article, we organized experts to evaluate and
score the qualitative indices of the four sample areas and obtained quantitative indices data
through random production simulation and the SCADA (Supervisory Control And Data
Acquisition) system. SCADA system can store rich data types, such as digital, analogue,
etc. The relevant indices can collect typical data from a large number of historical data
and apply them to the evaluation and calculation of this paper. According to historical
experience and data statistics, area A performs relatively well in all aspects of extreme
disasters; area B performs better in post-disaster recovery and new energy recovery; area
C has more comprehensive measures in the pre-disaster prevention phase. However, the
performance in the post-disaster recovery of new energy is poor, and area D in the face of
extreme disasters needs to be improved in all aspects. In this paper, the model proposed in
this paper is realized by MATLAB programming. The obtained data are brought into the
model to evaluate the resilience of the main network in the sample area. The specific steps
are as follows:
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Figure 3. Transmission network diagram of a regional power grid.

(1) Calculation of subjective and objective weights of indices. Organize relevant experts
to score its importance by pairwise comparison of indices. Then calculate the subjective
weight of the indicator according to the scoring result. Then calculate the contrast coefficient
and conflict coefficient of the index, calculate the information amount of the index, and
obtain the objective weight of the index, as shown in Table 3 below.

Table 3. Subjective and objective weights of indices.

Index Subjective Weight Objective Weight

x1 0.0211 0.0404
x2 0.0379 0.0651
x3 0.0306 0.0564
x4 0.0306 0.0591
x5 0.0337 0.0687

x6 0.0506 0.0352
x7 0.0664 0.0876
x8 0.059 0.0352
x9 0.0516 0.0365
x10 0.0485 0.0332

x11 0.0717 0.0372
x12 0.0569 0.0377
x13 0.0653 0.0377
x14 0.0596 0.0382

x15 0.0411 0.0727
x16 0.0506 0.0403
x17 0.0643 0.0472

x18 0.0622 0.0727
x19 0.0548 0.0651
x20 0.0464 0.0335

(2) Combining the subjective weight and the objective weight, the final comprehensive
weight can be obtained by Formula (9), as shown in Table 4.
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Table 4. Comprehensive weight of indices.

First-Level Index Weight Secondary Index Comprehensive Weight

T1 0.2128

x1 0.03
x2 0.0475
x3 0.0423
x4 0.0436
x5 0.0494

T2 0.2542

x6 0.0433
x7 0.0783
x8 0.0468
x9 0.0446
x10 412

T3 0.2032

x11 0.050
x12 0.051
x13 0.0513
x14 0.0509

S1 0.1590
x15 0.0561
x16 0.0464
x17 0.0565

S2 0.1708
x18 0.069
x19 0.0613
x20 0.0405

Among them, the comprehensive weights of SAIFI and SAIDI in the resilience index
system are 0.0513 and 0.0509, respectively, which shows that the reliability index of fault
elimination time still plays an essential role in the resilience index proposed in this paper.

(3) Comprehensive assessment using TOPSIS. After standardizing the indices, they
are weighted in combination with Table 3, and the optimal solution and the worst solution
are obtained by Formulas (13) and (14). The relative distance of the worst solution is:

D+ = [0.2290, 0.3121, 0.2813, 0.4050];
D− = [0.4533, 0.3074, 0.2768, 0.2963].
According to Formula (17), calculate the relative closeness of each evaluation sample,

as shown in Table 5.

Table 5. The relative closeness of regional power grids.

Sample Relative Closeness

Area A 0.6644
Area B 0.4962
Area C 0.4959
Area D 0.4225

The greater the relative closeness, the higher the level of resilience of the main grid
in the region. From the calculation results in Table 4, it can be concluded that for the four
sample areas A, B, C, and D, the order of the main network resilience is A > B > C > D.
Among them, Region A has the highest level of resilience. Regions B and C have different
emphases on the actual disaster response and recovery measures, but the comprehensive
resilience level is close. Region B has slightly higher resilience than Region C due to
the better performance of post-disaster recovery and new energy-related indices. Region
D has a low level of resilience and needs to take measures to improve it further. The
assessment results align with historical data and disaster response simulations in each
region. The evaluation index system proposed in this paper can comprehensively and
effectively evaluate the resilience level of the main power grid in the context of the energy
transition and has a guiding role in improving the resilience of power grids in the context
of the energy transition.
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To verify the scientificity and superiority of the comprehensive index weight modelling
method based on the priority comparison method and CRITIC, we take the entropy weight
method to calculate the index weight and compare it with the article method, as shown in
Figure 4.
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As shown in Figure 4, the comprehensive weight of the index proposed in this paper
is more average, fully considering the influence of subjective and objective factors, and is
more in line with the actual power grid.

In Table 6, result 1 is the resilience score of the method proposed in this paper, and
result 2 is the resilience evaluation score obtained by using the entropy weight method and
grey relational analysis method to evaluate the example. It can be seen that the resilience
evaluation result of the latter is A > C > B > D. This indicates that due to the lack of
consideration of the increase in the permeability of new energy in the actual power grid, as
well as the subjective and practical effects such as the equipment and line strength on the
transmission side of the main network, it is concluded that the resilience of area B is lower
than that of area C, it is not in line with the performance of the actual power grid in the
face of extreme disasters. Therefore, by comparing the above two evaluation results, it is
proved that the evaluation method proposed in this paper is accurate and practical.

Table 6. Comparison of evaluation results.

Sample Result 1 Result 2

Area A 0.6644 0.6572
Area B 0.4962 0.4635
Area C 0.4959 0.4872
Area D 0.4225 0.4234

5. Conclusions

Aiming to evaluate the resilience of the main power grid under the background
of energy transformation, we propose a comprehensive evaluation method based on
comprehensive weight and TOPSIS and uses this method to evaluate and analyze the
resilience of the main power grid in four sample areas of a city. The conclusions are
as follows:

1. According to the time and space process of power grid disasters and considering the
improvement of new energy permeability of the power grid, we analyze the new
energy units and traditional units respectively and establish the disaster resistance
index system of the main network under the background of energy conversion;

2. Using the priority comparison method and the CRITIC method to calculate the
subjective and objective weights of the indices, consider the influence of the two
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weights, and combine the two weights to form a comprehensive weight. Then, the
comprehensive weights are integrated into TOPSIS to calculate the relative closeness
of the evaluation samples to the ideal samples and realize an effective evaluation of
the elasticity level of the main network through the ranking of relative closeness;

3. A numerical example is given to verify the effectiveness of the comprehensive evalua-
tion method of the main power network under the background of energy transfor-
mation. The example results show that the evaluation results are basically consistent
with the actual situation.

This paper puts forward the index system of power grid resilience for extreme disasters
and the evaluation method of resilience, which provides a train of thought for the research
of an elastic power grid. On this basis, the measures to improve the resilience of the
power grid need to be further studied, for example, the power side can plan the new
energy stations for the purpose of improving the resiliency, and the role of the microgrid
in improving the resilience of the power grid can be studied on the distribution network
side. in the future, we need to study further the measures to maximize the resilience of the
power grid at a reasonable cost.
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