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Abstract. With the introduction of the "carbon peak, carbon neutrality" action plan, it has become
an inevitable trend to invest in promoting supply-side structural adjustment and demand-side
response to achieve bilateral development. Therefore, the construction expansion and construction
cost assessment of key areas of power grid in the future are the focus of power enterprises. In this
paper, a comprehensive evaluation model of regional power grid construction cost suitable for
various environments is proposed. The ANP-CRITIC method, which combines the analytic
hierarchy process with the CRITIC objective evaluation method, is used to determine the subjective
and objective weights of the indicators. The comprehensive evaluation results are obtained by
calculating the combined weights based on Euclidean distance. In terms of model verification,
based on PEST theory, this paper constructs a regional power grid construction cost index system
from 4 levels: political environment, economic environment, social environment and technical
environment. Through the evaluation and analysis of regional examples, the rationality of the model
is verified, and the lowest expected construction cost area is selected to assist enterprise
decision-making and ensure the effective realization of power grid construction benefits.
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1. Introduction

With the gradual deepening of China 's electricity market reform, the current electricity market
reform mainly aims at reducing the cost of power supply, improving the economic benefits of the
power grid, and reducing risk investment[1,2]. Under the operation mechanism of vertically
integrated electricity market, the evaluation of the expected cost of power grid investment has
become a priority issue for power grid decision-making. At present, the evaluation of the cost of
power grid construction is based on the influence of the internal project management level and
project construction of the power grid, and does not take into account the possible cost increase
caused by the external factors of the construction area. However, in the construction environment,
in addition to the management level and construction of the power grid itself, the region will also
bring many other influencing factors to the cost assessment of power grid construction projects,
such as regional economic factors, regional social factors, etc. Under the premise of ensuring the
reliability and safety of the power grid, it is a new topic for power grid enterprises to seek the
maximum construction income with limited resource investment.

At present, China 's power grid construction evaluation is mainly from the economic point of
view to evaluate and select the evaluation index, including financial analysis, national economic
analysis and enterprise performance analysis, and focused on the benefit evaluation of a single
power grid construction project[3.,4,5], At the macro level, there are few studies on the evaluation of
the expected cost of power grid construction. This paper considers the macro expected construction
costs of power grid construction in different regions, and selects appropriate comprehensive
evaluation methods to analyze and evaluate the construction costs that may be brought about by
local policies, economy, society and technology.

About the evaluation methods, the mainstream subjective weighting methods mainly include
analytic hierarchy process [7], delphi technique [8], binomial coefficient method [9], etc. Among
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them, the analytic hierarchy process has the quantitative characteristics that can include all
decision-making elements, and can adapt to the comprehensive and flexible advantages of various
types of decision-making environments. At the same time, in terms of objective weighting, the
mainstream objective weighting methods mainly include the entropy weight method [10], TOPSIS
method [11], variation coefficient method and CRITIC method [12] and so on. The CRITIC method
can eliminate the influence of some indicators with strong correlation and reduce the information
overlap between indicators, which is more conducive to obtaining credible evaluation results. The
mainstream combination weighting methods generally use multiplicative synthesis and linear
weighting to combine methods. The combination weight calculation based on Euclidean distance
can effectively reflect the subjective preference of decision makers while maintaining the basic law
of objective data, thus ensuring the rationality of comprehensive evaluation results.

Based on the above research, this paper selects the analytic hierarchy process and CRITIC
method to determine the subjective and objective weights, and obtains the final evaluation results
through the combination weight calculation based on Euclidean distance, and constructs the
evaluation model of regional power grid construction cost. In the model verification, the index
system is constructed from the aspects of policy, economy, society and technical environment. With
the minimum cost of power grid construction as the basic goal, the possible cost of power grid
construction in each region is comprehensively evaluated. The case analysis proves the rationality
of the method proposed in this paper.

2. Regional Power Grid Construction Cost Evaluation Model

In order to ensure the scientificity and wide applicability of the evaluation model of regional
power grid construction cost, this paper uses the analytic hierarchy process (AHP) and CRITIC
objective evaluation method to carry out the subjective and objective weighting of the indicators
respectively. Finally, the final weight of each index is calculated by the combination weight based
on Euclidean distance, and the indicators are comprehensively analyzed and evaluated.

2.1 Analytic Hierarchy Process (AHP)

Analytic hierarchy process (AHP) decomposes the construction cost of regional power grid into
different levels, that is, index layer to criterion layer, criterion layer to target layer, and calculates
the weight value of each index. The steps are as follows:

(1) Determine the evaluation index of regional power grid construction cost, which is mainly
divided into target layer (A), criterion layer (B) and index layer (V).

(2) According to thel-9 scale method (see TABLE I), invite power grid construction related
experts, related people on the same level of construction cost evaluation index of pairwise
comparison and assignment.

Table 1. 1-9 scale method

Serial number important level Assignment
1 Indicator i is as important as indicator j 1
2 Indicator i and indicator j are slightly important 3
3 Indicator i and indicator j are obviously important 5
4 Indicator i and indicator j are strongly important 7
5 Indicator i and indicator j are extremely important 9
6 The value between the important levels of the above indicators 2, 4, 6, 8

According to the scale method, the judgment matrix of pairwise comparison evaluation index is
obtained, that is:
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(3) According to the Perron theorem, the corresponding weight vector W of the judgment matrix

is calculated:
W=[w,o, o,
157725 n (2)
(4) The consistency test of the judgment matrix is to test the rationality of the weight of the given
construction cost evaluation index, that is, the consistency index CR < 0.1, indicating that the
weight of the given construction cost evaluation index is reasonable, the consistency test effect is
satisfied, and the risk assessment can be carried out, and vice versa, the specific calculation

expression is:

AL
(n—1)RI 3)

In the formula, RI is the average random consistency index.

2.2 CRITIC Objective Evaluation Method

In order to obtain more objective and comprehensive weighting results, the CRITIC objective
weighting method is selected to correct the subjective weight. The main steps of the CRITIC
method are as follows:

(1) Index normalization, normalization formula is :

, a;,—min(a))

~ max(a,)—min(a,)

4
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In the formula, a; anda;jare the index values before and after normalization respectively;

max(a;) andmin(a;)are the maximum and minimum values of the index, respectively.
(2) Determine the contrast strengthS;, conflict correlation coefficient pj;
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In the formula, i and j are two sets of data ; Iand/ are the mean values of i and J, respectively. .
(3) Determine the comprehensive information content Cjof each index:

¢, =Sj2(1—,0,j),j=1,2,---,n
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(4) Calculate the weight coefficient w;:
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From the formula (7), it can be seen that the larger the Cj, the more information the index j has,
and the greater the weight value.

2.3 Combined Weight Calculation Based on Euclidean Distance

When calculating the combination weight, many scholars assume the preference coefficient of
subjective and objective weight according to the empirical value, which lacks objectivity and
rationality. In order to reflect the subjective preferences and opinions of decision makers, while
maintaining the basic laws of objective data, the degree of difference between subjective and
objective weights is matched with the distribution coefficient, in order to describe the deviation
between weighting methods, this paper adopts a combination weighting method based on Euclidean

distance, the subjective weight obtained by ANP is wj, the objective weight obtained by CRITIC
method is W}, and the function of Euclidean distance between subjective and objective weights is

defined as d(w;, wj).

J2

1
dlw., v )= |-
()= 33 )

The combined weight W; is determined by linear weighting, and the expression is:

W,=aw, + pw, 10)
In the formula, o and f are the distribution coefficients of subjective weight and objective weight

respectively.
There is the following relationship equation between subjective and objective weight and

distribution coefficient:
{(a—ﬂ)z =d(w,,w))

a+pf=1 (11
The distribution coefficients a and B are solved by combining Formulas (9) and (11), and the
combined weight W; of the evaluation index is obtained by using Formula (10).

3. Example Analysis

3.1 A.Construction of Regional Power Grid Construction Cost Evaluation Index System

The construction cost of the power grid in a certain area will be affected by a variety of factors in
the region. It is necessary to screen the factors that have the greatest impact on the construction cost
of the power grid. PEST analysis is a commonly used macro-environment analysis method. P is
politics, E is economy, S is society, and T is technology. When analyzing the external environment
of an enterprise, it is usually through these four factors to analyze the situation faced by the
enterprise group, which is also applicable to the cost evaluation of regional power grid construction.
Based on the PEST theory, this paper takes the cost evaluation system of regional power grid
construction as the target layer, and constructs the criterion layer of the cost evaluation index
system of regional power grid construction from 4 aspects: policy and regulatory environmental
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factors, economic environmental factors, social and natural environmental factors, and technical
environmental factors. The indicators at all levels are as follows:

Table 2. Construction cost evaluation index

Target layer Criterion layer Index layer
. Policy incentives and policy restrictions at the national level
Policy and Cl1
regu latory Local regional policy support or policy constraints C21
environment - . : :
Strategic development goals are consistent with local policy
factors B1 ) :
orientation C22
E . Growth rate of consumption C31
. envicrzrlll?rrlreltlrftal Regional GDP growth rate C41
Reglona_ld factors B2 Regional material prices C51
power g Development of regional competitors C61
construction .
. . Total population growth rate C71
cost evaluation | social and natural - —
. Growth rate of regional urbanization level C72
system (A) environmental : . : : - -
Feasible site selection for regional power grid construction
factors B3 C81
Power supply reliability C91
technical Grid securityC92
environmental Wind-solar grid-connected capacity CO1
factors B4 Renewable energy power consumption accounts for the
proportion of regional electricity consumption C02

In order to ensure the rationality of the data, 6 typical regions in China are selected as the
research objects, and the index data are selected with 2022 as the time node. The evaluation index
system and comprehensive evaluation method of regional power grid construction cost formed in
this paper are verified and analyzed. The selected areas include more developed cities, developing
cities and less developed cities, which can represent the average level of urban development in
China and can test the rationality of the evaluation method more scientifically.

3.2 Index Data Processing

Because there are subjective indicators that cannot be directly quantified in the indicators, the
average score of each indicator is obtained in the form of expert meeting scoring, which is used as
the indicator data. The maximum and minimum normalization of all index data is performed to
measure the distance from the minimum value in the distance index. After processing all the data,
the normalized index results shown in Table 3 are obtained.

Table 3.Index data processing results

Index Cl1 C21 C22 C31 C41
Region 1 0.667 1 0.909 1 0.833
Region 2 0.333 0.267 0 0.71 0.333
Region 3 0 0.133 0.364 0 0
Region 4 0.222 0 0.091 0.258 1
Region 5 1 0.667 1 0.452 0.5
Region 6 0.444 0.333 0.364 0.581 0.033

mean value 0.444 0.4 0.455 0.5 0.45
Index Cs51 Co61 C71 C72 C81

Region 1 0 0.8 0 0.24 0.6

Region 2 0.714 0.846 0.153 0 0.6
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Region 3 0.357 0 0.168 0.98 0.4
Region 4 0.857 0.585 0.536 0.4 0
Region 5 0.143 1 0.798 0
Region 6 1 0.631 1 1 0.6
mean value 0.512 0.644 0.443 0.437 0.533
Index Ca1 C92 Co1 C02
Region 1 1 0.097 1 0.477
Region 2 0.064 0.28 0 0.992
Region 3 0.106 1 0.599 0.191
Region 4 0 0.624 0.4 0
Region 5 0.042 0 0.595 1
Region 6 0.059 0.344 0.425 0.422
mean value 0.212 0.391 0.503 0.514

3.3 Subjective Empowerment of AHP Method

Invited 10 experts to score and sort each index, and investigated the quantitative index, so as to

obtain the weight of each risk evaluation index in the criterion layer and the index layer.

Table 4. Subjective Weight

Criterion layer Subjective weights Index layer Subjective weights
Cl1 0.087
Bl 0.438 C21 0.184
C22 0.167
C31 0.010
B2 0.194 C41 0.157
Csl 0.002
Cel 0.025
C71 0.002
B3 0.079 C72 0.035
C81 0.042
Ca1 0.157
B4 0.289 C92 0.035
Co1 0.010
C02 0.087

3.4 Objective Empowerment of CRITIC Method

According to the data in Table 3, combined with Formulas (5) to (8), the objective weights are

obtained as follows:

Table 5. Objective weight

Criterion layer

Objective weights

Index layer

Objective weights

Bl

0.213

Cl1 0.064
C21 0.075
C22 0.074
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C31 0.057
C41 0.074
B2 0.239
Cs1 0.064
Co1 0.044
C71 0.073
B3 0.207 C72 0.084
C81 0.050
Co1 0.148
C92 0.076
B4 0.342
Co1 0.053
C02 0.065

3.5 Solution of Combined Weights

According to Table 4 and Table 5, combined with Formulas (9) to (11), the combined weights of
each index are obtained as follows:

Table 6. Combined weight

Criterion layer Combined weights Index layer Combined weights
Cl11 0.075
Bl 0.325 C21 0.129
C22 0.120
C31 0.034
B2 017 C41 0.115
Csl 0.033
Col 0.035
C71 0.038
B3 0.143 C72 0.060
C81 0.046
Cal1 0.152
B4 0316 C92 0.056
Co1 0.032
C02 0.076

3.6 Evaluation Results and Analysis

After obtaining the combined weight, combined with the index data of Table 3, the index scores
and total scores of each region can be obtained as follows:

Table 7. Regional power grid construction cost level

Index Region 1 Region 2 Region 3 Region 4 Region 5 Region 6
Cl11 0.050353 0.025139 0 0.016759 0.075492 0.033518
C21 0.129461 0.034566 | 0.017218 0 0.086351 0.043111
C22 0.109505 0 0.04385 0.010963 0.120467 0.04385
C31 0.033517 0.023797 0 0.008647 0.01515 0.019473
C41 0.096187 0.038452 0 0.115471 0.057735 0.003811
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Cs1 0 0.023578 | 0.011789 0.0283 0.004722 0.033022
Co1 0.027605 0.029193 0 0.020186 0.034507 0.021774
C71 0 0.005741 0.006304 0.020113 0.029945 0.037525
C72 0.014284 0 0.058327 0.023807 0 0.059517
C81 0.027602 0.027602 | 0.018401 0 0.046003 0.027602
Co1 0.152497 0.00976 0.016165 0 0.006405 0.008997
C92 0.005385 0.015544 | 0.055514 0.034641 0 0.019097
Co1 0.031515 0 0.018878 0.012606 0.018752 0.013394
C02 0.036248 0.075384 | 0.014515 0 0.075992 0.032069
Total 0.714159 0.308755 | 0.260961 0.291493 0.57152 0.39676

From the table, the following conclusions can be drawn:

(1) The power grid construction cost of region 1 is the highest, and the indicators with the
highest expected cost are mainly concentrated in the local regional policy constraints, the
consistency of strategic development goals and local policy orientation, power supply reliability and
regional GDP growth rate. Region 1 itself is a poorly developed region in all regions, and it is at a
disadvantage in terms of economic development level and power grid facilities construction, which
leads to the high cost of power grid construction in region 1. At the same time, the related problems
of region 5 are similar to that of region 1, and the lack of local support policies and poor economic
development have increased the construction cost of the power grid in the region. Therefore, it
should not be given priority to promote the construction of power grid in region 1 and region 5.

(2) Region 3 is the region with the lowest expected construction cost of power grid in all regions.
Because region 3 is the most developed region in all regions, the regional economic development
degree is higher, and the supporting facilities for power grid construction are also relatively perfect.
The local government has formulated positive relevant policies, and the support for power grid
investment is greater. Therefore, region 3 is the most suitable region for power grid construction.

(3) It is worth noting that the expected cost of region 6 is also higher in policy and regulatory
environmental indicators, which indicates that although the overall environment of region 6 is close
to that of region 2 and region 4, region 6 does not actively carry out support for grid-related
investment. Compared with region 2 and region 4, region 6 has a lower priority for grid
construction.

(4) The indicators with large expected cost gap brought by the indicators in the figure are mainly
concentrated in the regional policy and legal indicators and reliability parts, which are also
indicators that directly affect the stable operation of power grid construction projects. In order to
absorb more power grid construction projects, the region should give priority to the establishment
of relevant active policies, while focusing on the supporting construction of local power
construction-related infrastructure to enhance the ability to attract investment.

4. Conclusion

In this paper, the regional power grid construction cost is divided into different levels of
indicators by combining the analytic hierarchy process and the CRITIC objective evaluation method,
and the subjective and objective weighting is carried out for each indicator. Based on the Euclidean
distance, the combined weight of each indicator is calculated to form a regional power grid
construction cost evaluation model. In the model verification analysis, based on the PEST theory,
from the 4 dimensions of policy and regulatory environment, economic environment, social and
natural environment and technical environment, the evaluation index system of regional power grid
construction cost is constructed to evaluate the expected cost of regional power grid investment.
Through the comprehensive evaluation of the actual cases in 6 different regions, it can be seen that
the regional power grid construction cost evaluation model constructed in this paper has certain
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advantages in dealing with large-scale index data, and can dynamically adapt to different evaluation
scenarios and needs. The rationality of the evaluation model constructed in this paper is verified,
and suggestions and planning opinions are put forward for typical regions.
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