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Abstract. Green transformation and development is an important issue of global
concern and one of the key paths for China's high-quality economic growth. This
paper, in combination with the national policies on green transformation and the
relevant requirements of State Grid Corporation of China, constructs a green
transformation and development index system covering three major dimensions:
energy structure optimization, industrial greening, and terminal electrification,
with 15 representative power indicators. Taking a certain province in central
China as an example, the index weights are determined through the Analytic
Hierarchy Process (AHP), and then the index is synthesized and the process of
economic green transformation is evaluated. The assessment results from 2015 to
2025 show that the long-term trend of economic green transformation is deter-
mined by the optimization of the energy structure, with terminal electrification
providing a stable increment, while the change in the pace of industrial greening
brings about phased fluctuations.

Keywords: Electric power data, Economy, Green transformation, Central re-
gion, Empirical analysis

1 Introduction

Green transformation is a key measure to implement the five development concepts. It
concerns resource security, ecological protection and high-quality development, and is
the core path to achieving the "dual carbon" goals and enhancing the capacity for
sustainable development. Liu Haoyu et al. (2024) constructed an evaluation index
system for the green transformation of the economic development mode, which in-
cludes four dimensions: innovation-driven, resource intensification, structural opti-
mization, and institutional guarantee. The research indicates that the improvement of
structural optimization and resource intensification levels is the main reason for the rise
in the level of green transformation of the economic development mode [1]. Jiang
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Jinhuo et al. (2022) compiled a provincial green economic transformation index based
on three dimensions: economic inclusion, environmental and resource quality, and
transformation potential. They pointed out that green innovation, FDI, and public
perception are the main causes of regional differences, and suggested making up for
shortcomings and strengthening innovation [2]. Tian Shizhong and Ren Xueqin (2025)
used the entropy method to measure the level of comprehensive green transformation,
analyzed the evolution law and development level transition characteristics of green
transformation by means of Kernel density, Gini coefficient, Markov transition prob-
ability matrix, etc., and then evaluated the correlation of subsystems by using the
coupling coordination degree model [3]. Meng Xiaogian and Wu Chuanging (2023)
proposed the spatio-temporal range entropy weight method to construct a three-in-one
index of economic green development, resource and environmental carrying capacity,
and transformation support. They found that the differences among the four major
sectors converged, but the inter-provincial differences remained significant [4]. Li
Xiaofei and Zhuang Shiying (2025) found that digitalization has a "U" -shaped effect
on green transformation, pointing out that the substitution of electric energy and the
accumulation of data elements determine the inflection point of carbon intensity, and
introducing dynamic nonlinear tools for monitoring and evaluation [5].Yu et al. (2024)
evaluated the 18-year green transformation of 288 cities in China from 2002 to 2019
based on the DPSIR framework and the entropy-weighted TOPSIS model, and ana-
lyzed the spatial correlations and obstructive factors [6]. Zhang et al. (2025) system-
atically investigated the transformation practices of typical resource-based cities such
as Zaozhuang, Zibo, and Dongying by constructing a multi-dimensional evaluation
system covering economic structure optimization, ecological environment governance,
and improvement of people's livelihood and well-being, and combining on-site re-
search and data analysis [7].

Electric power data, as a core and fundamental data reflecting the operation of the
economy and society has three significant advantages: First, it is highly correlated with
economic activities and can precisely map key links in economic operation such as
industrial production and consumer demand. Second, the statistical system is mature
and standardized, with extensive data collection coverage, strong timeliness and high
accuracy, providing a reliable foundation for quantitative analysis. Third, green de-
velopment is highly representative and can directly reflect core indicators of trans-
formation such as the consumption of new energy, energy consumption intensity, and
carbon reduction achievements. However, in the current assessment system for the
green transformation and development of China's economy, such high-quality data
have not yet been fully integrated into key links such as the design of assessment
indicators, dynamic monitoring, and effectiveness evaluation. Their potential value
remains to be further explored.
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2 The Construction of an Indicator System for Green
Transformation in the Power Industry

2.1  Policy Requirements

The core requirement is to be guided by carbon peaking and carbon neutrality, and to
promote carbon reduction, pollution reduction, green expansion and growth in a coor-
dinated manner, integrating into all aspects of economic and social development.
Promote industrial structure adjustment, green transformation of traditional industries,
and expansion of green and low-carbon industries; Promote the green transformation of
energy and increase the proportion of non-fossil energy; Promote green transformation
in multiple fields such as transportation, build a green, low-carbon and circular eco-
nomic system, and achieve modernization featuring harmonious coexistence between
humans and nature.

2.2 Principles for Index Selection

Drawing on the "White Paper on the Development of New Power Systems",
"High-Quality Development Index System of State Grid Corporation of China",
"Strategic Index System of State Grid Corporation of China", and related literature,
focusing on the three dimensions of energy structure optimization, industrial greening,
and terminal electrification, and following the principles of data availability, continu-
ity, comparability, simplicity, and operability, Screen the indicators for green trans-
formation in the power sector and construct an indicator system covering 15 indicators
for green transformation in the power sector (See Table 1).

Table 1. Green Transformation Index System for Electricity

Types Serial Indicator Name
1 Proportion of installed capacity of non-fossil energy
2 The proportion of newly installed capacity of wind and solar
Energy Structure - - -
T 3 The proportion of non-fossil energy power generation
optimization - - -
4 The proportion of newly added wind and solar power generation
5 Utilization rate of wind and solar new energy
6 The proportion of electricity consumption in the tertiary industry
. 7 The proportion of electricity consumption in high ener-
Industrial - . - - -
i 8 Changes in electricity consumption per unit of manufacturing

greening 9 The proportion of green electricity trading
10 The growth rate of carbon market trading volume
11 The proportion of electricity in terminal energy consumption

. 12 The number of air conditioners per 100 residential households
Terminal - - - -
) ) 13 The proportion of electric vehicle charging volume
clectrification 14 The proportion of demand side response load

15 Distributed photovoltaic coverage rate
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2.3  Synthesis Ideas

First, indicator processing. That is, dimensionless processing is carried out on dimen-
sionless indicators, such as the change in electricity consumption per unit of manu-
facturing added value and the number of air conditioners per 100 households, which are
processed by normalization methods. The specific gravity index has no dimensions and
can be used directly. Secondly, the determination of indicator weights. Common
methods for determining weights include entropy weight method, analytic hierarchy
process, factor analysis method, principal component analysis method, expert scoring
method, and fuzzy comprehensive judgment method, etc. Considering that this project
is for the analysis of a single province, here the Analytic Hierarchy process (AHP) is
mainly adopted and expert judgments are referred to assign weights to each indicator.
Among them, energy structure optimization, industrial greening, and terminal electri-
fication are each assigned a weight of 1/3.

3 Exponential Synthetic Analysis

3.1  Analytic Hierarchy Process

The Analytic Hierarchy Process (AHP) demonstrates significant advantages in deter-
mining the weights of each evaluation index and is particularly suitable for scenarios
with complex structures and a lack of complete data. Based on these characteristics,
this study selects the AHP method to determine the index weight system.

3.1.1 Build a Hierarchical Structure Model.

This study focuses on the green transformation and development situation of a cer-
tain central province and constructs a set of scientific and reasonable evaluation index
systems. Among them, energy structure optimization (A), industrial greening (B), and
terminal electrification (C) are selected as the first-level indicators. Given the equal key
roles of the three in the province's green transformation and development, an equal
weight distribution method is adopted. For the remaining secondary indicators, the
Analytic Hierarchy Process (AHP) is employed. Through steps such as constructing a
judgment matrix, calculating weights, and conducting consistency checks, the weights
of each secondary indicator relative to their respective first-level indicators are pre-
cisely determined. This approach comprehensively and objectively assesses the effec-
tiveness of Anhui Province's green transformation and development.

The first step in applying AHP to solve problems is to conduct hierarchical structure
modeling based on the established evaluation index system. This process requires
analyzing the intrinsic connections among various evaluation indicators based on the
nature of the problem and the overall goal, decomposing complex problems into
components at different levels, and forming a multi-level model with a clear structure.
The top-down levels are the target level, first-level indicators, and second-level indi-
cators. The specific hierarchical framework is shown in Table 2.
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Table 2. Hierarchical Framework Table

Target level first-level indicators

second-level indicators

A- Optimization of

energy structure

Al.Proportion of installed capacity of non-fossil

energy

A2.The proportion of newly installed capacity of
wind and solar power

A3.The proportion of non-fossil energy power

generation

A4.The proportion of newly added wind and
solar power generation

AS5.Utilization rate of wind and solar new energy

B- Greening of indus-
tries
The situation of
economic green
transformation and
development

B1.The proportion of electricity consumption in
the tertiary industry

B2. The proportion of electricity consumption in

high energy-consuming industries

B3. Changes in electricity consumption per unit
of manufacturing added value

B4. The proportion of green electricity trading

BS. The growth rate of carbon market trading

volume

C-terminal electrifica-
tion

C1. The proportion of electricity in terminal

energy consumption

C2. The number of air conditioners per 100
residential households

C3. The proportion of electric vehicle charging

volume

C4. The proportion of demand side response load

C5. Distributed photovoltaic coverage rate

3.1.2 Construct the Judgment Matrix.

As it is difficult to directly quantify the relative importance of each factor, the An-
alytic Hierarchy Process (AHP) adopts a pairwise comparison approach to establish a
judgment matrix. This process uses 17 values from 1 to 9 and their reciprocals as scales
to determine the values of matrix elements. This method is called the 9-scale method.
The specific meanings of the scales are shown in Table 3.

Table 3. 9 Scale method table

Serial Scale meaning Ratio
1 Compared with the latter element j, the former element i is as im- a;;=1
portant as j
2 Compared with the latter element j, the former element i is slightly ;=3
more important
3 When comparing the former element i with the latter element j, i and j ;=5
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are obviously more important

4 Compared with the latter element j, the former element i is more a;=7
important than j
5 When comparing the former element i with the latter element j, i and j ;=9

are absolutely important
6 It indicates that the importance of element i and element j lies be- 2;=2,4,6,8
tween the above judgment
7 If the relative importance scale of element i and element j is aij, then Countdown
the relative importance scale of element j and i is aji=1/ aij
Suppose the n factors associated with the upper-level factor z are xi, X2... Xn, where i,
j=1, 2,... n, denoted by a youdaoplaceholder9 youdaoplaceholder2, represents the ratio
of factor x <e:1> to factor x <e:1> relative to z in terms of importance. Based on these
ratios, a pairwise comparison judgment matrix A, ofthese n factors with respect to z
can be constructed.

3.1.3 Integrate Expert Judgments.

We adopt the geometric mean method to merge the expert matrix, which can effec-
tively ensure consistency check. The specific approach is to take m experts (m=1,2,...)
The scoring matrix formed by k) is multiplied bit by bit, and then the result is taken to
the power of m to obtain a unique integrated matrix. The calculation formula is as
follows:

A = ([T, am (M

3.1.4 Determine the Relative Weights of the Matrix.

Relative weight refers to the relative importance weight of a certain level of factor
relative to a specific factor at the upper level calculated based on the judgment matrix.
Based on matrix theory, we use the geometric mean method (root method) to calculate
the weights of the integrated unique matrix. The specific formula is as follows:

1
nao9n
Wiz(“#au)1 Ci=123...n ®)
2L 0l aipn

The sequential calculation steps include: multiplying the elements of the matrix
A row by row to obtain a new vector; Take the NTH power of each component of
the new vector; By normalizing the obtained vectors, the weight vectors can be
obtained.

3.1.5 Consistency Test of Judgment Matrix.

In the process of constructing the judgment matrix, due to the complexity of re-
al-world problems and the diversity of human cognition, it is impossible to precisely
provide the exact ratio between the two factors; only estimation and judgment can be
made. In the academic circle, the consistency ratio CR is usually adopted as the
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standard for evaluating the consistency of the judgment matrix. CR is the ratio of the
consistency index CI to the average random consistency index RI. When CR<0.1, it
indicates that the matrix has acceptable consistency and no adjustment is required.
Conversely, it is necessary to ask experts to re-correct the judgment matrix until the
calculation result meets the requirement of CR<0.1.

The calculation formula of the consistency index CI is shown in Equation (3).

_ Amax—n
Cl = "t 3)

The calculation formula of the consistency ratio CR is shown in Equation (4).

Cl _ Amax—n

CR = Rl (n—-1)RI

<0.1 4

Amax 18 the maximum eigenvalue of the judgment matrix, and its calculation for-
mula is shown in Equation (5). Ay, is the maximum eigenroot of the matrix, where A
is the judgment ensemble matrix, W is the weight vector, and W; represents the i-th
component of the weight vector W.

[AW];
Amax = in=1Wil (5)
In the formula, RI represents the average consistency index, and its value is related
to the order of the judgment matrix. The specific corresponding values are shown in
Table 4.

Table 4. Average consistency index table

Matrix 1 2 3 4 5 6 7 8 9 10 11 12
order
RI 0 0 052 089 1.12 126 136 141 146 149 152 1.54

3.2 Calculation of Weights for Secondary Indicators

The weights of the secondary indicators A1-A5 for energy structure optimization were
calculated. After ensuring that the judgment matrix of the 7 experts met the consistency
requirements (CR<0.1), the 7 judgment matrices were aggregated. The aggregated
matrix is shown in Table 5.

Table 5. The A1-AS indicator judgment integration matrix

A Al A2 A3 A4 A5

Al 1 1.1877 1.2917 1.2776 1.4361
A2 0.842 1 0.8773 1.5341 1.9955
A3 0.7742 1.1399 1 1.4106 1.5008
A4 0.7827 0.6518 0.7089 1 1.8832

AS 0.6963 0.5011 0.6663 0.531 1
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Based on the aforementioned calculation formula, the weights and consistency of the
A1-AS5 judgment integration matrix are calculated. The calculation steps are as follows:
According to the above table, it is judged that the integration is A, that is

1 1.1877 1.2917 1.2776 1.4361

0.842 1 0.8773 1.5341 1.9955

A=10.7742 1.1399 1 1.4106 1.5008

0.7827 0.6518 0.7089 1 1.8832
0.6963 0.5011 0.6663 0.531 1

Multiplying the elements of A by rows gives a new vector B, that is

2.8148
2.2613
B =11.8683
0.6811
0.1234

Take each component of the new vector B to the power of 5 to obtain the eigenvector
M, that is

1.23
1.1773
M =|1.1332
0.9261
0.6581

Normalizing the obtained vector M gives it the weight vector W, that is

0.24
0.2297
W =10.2211
0.1807
0.1284

Calculate the maximum eigenvalueAmax, that is

) 0.842 1 0.8773 1.5341 1.9955 0.2297 1.1593
AW = [0.7742 1.1399 1 1.4106 1.5008 0.2211|=(1.1165
0.7827 0.6518 0.7089 1 1. 8832 0.1807 0.9169

1 1.1877 1.2917 1.2776 1.4361 0.24 1.2138
‘ X l
0.6963 0.5011 0.6663 0.531 0.1284 0.654

_ Z [AW]; (1 2138 1.1593 4 1.1165 4 0.9169 4 0.654 )
Amax = £ 0.24 0.2297 0.2211  0.1807 0.1284
= 5.0637

Consistency test CI of the judgment matrix:
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_— Amax —n _ 5.0637 —5
~ (n—-1  5-1
Cl _ 0.01594

RI 112
Finally, the weight calculation results of the A1-A5 indicators are as follows in

Table 6.

= 0.01594

CR = =0.0142< 0.1

Table 6. The calculation results of the weights of the A1-A5 indicators

A weight Amax CI CR

Al 0.24

A2 0.2297 0.0142<0.1
A3 0.2211 5.0637 0.01594 consistency check
A4 0.1807 passed

AS 0.1284

The weight calculation results of the B1-B5 indicators for industrial greening and the
C1-C5 indicators for terminal electrification were calculated according to the same
process. Based on the calculation results of the integration matrix and weights for each
indicator, the weights among the indicators at each level are summarized as shown in
Table 7.

Table 7. Summary table of Indicator weights

relative relative Comprehensive
first-level indicator second-level indicator
weight W1 weight W2 weight WI*W2
A- Optimization of 0.3333 Al.Proportion of installed capacity of non-fossil energy 0.2400 0.0800
energy structure A2.The proportion of newly installed capacity of wind and solar 0.2297
power 0.0766
A3.The proportion of non-fossil energy power generation 0.2211 0.0737
A4.The proportion of newly added wind and solar power 0.1807 0.0602
generation
AS.Utilization rate of wind and solar new energy 0.1284 0.0428
B- Greening of 0.3333 B1.The proportion of electricity consumption in the tertiary 0.2325 0.0775
industries industry
B2. The proportion of electricity consumption in high ener- 0.2225 0.0742

gy-consuming industries

B3. Changes in electricity consumption per unit of manufactur- 0.2269
ing added value 00756
B4. The proportion of green electricity trading 0.1615 0.0538
BS5. The growth rate of carbon market trading volume 0.1566 0.0522
C-terminal 0.3333 Cl1. The proportion of electricity in terminal energy consump- 0.2445
electrification tion 00813
C2. The number of air conditioners per 100 residential 0.2045
households 0.0682
C3. The proportion of electric vehicle charging volume 0.2104 0.0701
C4. The proportion of demand side response load 0.1845 0.0615

C5. Distributed photovoltaic coverage rate 0.1562 0.0521
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3.3  Exponential Sum Calculation

Calculate the comprehensive score for economic green transformation each year (out of
100), and the formula is as follows:

15
Si = [z Yi/‘ X I/V/',Cumprehensive weight } %100 (6)
j=1

Table 8 and Figure 1 show that the comprehensive total score rose in a stepwise
manner from 2015 to 2024, among which it rapidly increased from 13.68 points in 2015
to 25.36 points in 2017. It fluctuated steadily from 2018 to 2020. In 2021, it rose to a
new platform of 35.6 points, and in 2024, it reached 44.2 points, with a cumulative
growth of 2.2 times over the past ten years. The score of energy structure optimization
has always been the highest, with the most stable increase, and has the highest corre-
lation coefficient with the comprehensive score. It is the "main engine" that continu-
ously drives up the score. The score base for terminal electrification is the smallest, but
it has increased by 7.1 times over the past ten years, with its contribution rate rising
from 12% to 30%. After 2020, it has become an accelerator for growth. The increase in
the score of industrial greening was second only to that of electrification, but it dropped
sharply to 7.03 points in 2022, resulting in a rare decline in the overall score for that
year, indicating that its fluctuations have an amplifying effect on the short-term trend.
In conclusion, the long-term trend of economic green transformation is determined by
the optimization of the energy structure. Terminal electrification provides a stable
increment, while changes in the pace of industrial greening bring about phased fluctu-
ations.

Table 8. The comprehensive score and sub-item score table of economic green transformation in
a certain central Province from 2025 to 2024

Year optimization of energy structure industrial greening terminal electrification total
2015 8.85 3.22 1.61 13.68
2016 10.32 4.81 2.85 17.99
2017 13.90 5.86 5.59 25.36
2018 11.12 6.68 7.84 25.64
2019 11.69 7.07 8.78 27.55
2020 10.89 7.58 8.85 2731
2021 14.56 10.68 10.36 35.60
2022 15.08 7.03 11.14 33.26
2023 16.65 10.10 12.36 39.11
2024 18.90 12.20 13.09 44.20
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Fig. 1. The changing trend of the economic green transformation index of this province from
2025 to 2024

4 Conclusions and Suggestions

This paper, in combination with the national policies on green transformation and the
relevant requirements of State Grid Corporation of China, constructs a green trans-
formation and development index system covering three major dimensions: energy
structure optimization, industrial greening, and terminal electrification, with 15 rep-
resentative power indicators. Taking a certain province in central China as an example,
the index weights are determined through the Analytic Hierarchy process Furthermore;
synthesize the assessment of the green transformation and development process
through power indicators. The assessment results from 2015 to 2025 show that the
long-term trend of economic green transformation is determined by the optimization of
the energy structure, with terminal electrification providing a stable increment, while
the change in the pace of industrial greening brings about phased fluctuations.

The next step is to study the dimensions of the scalable indicator system, add new
indicators such as cross-regional power flow and carbon footprint accounting, and
optimize the weight assignment in combination with machine learning. Deepen the
comparative analysis of provincial differences and extract the characteristic transfor-
mation paths of central provinces. Promote the sharing of power data with government
and environmental protection data, build a dynamic monitoring platform, incorporate
the assessment results into local green transformation evaluations, and provide data
support for precise policy implementation.
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