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Abstract
Renewable energy accommodation capacity is a core pillar of the transition to a 
low-carbon energy system, directly determining the achievement of emission-
reduction targets and the success of energy transformation. Scientifically evaluating 
this capacity is key to enhancing it. To address the limitations of the entropy-weight 
method, this paper proposes an improved variable-entropy model for determining 
indicator weights. To tackle the rank reversal problem of the classical Technique for 
Order Preference by Similarity to Ideal Solution (TOPSIS) method, a new weighted 
relative closeness degree is proposed. Using 31 provinces in China as research 
objects, an evaluation index system for renewable energy accommodation capacity 
was constructed, comprising 4 primary indicators and 10 secondary indicators, 
and the improved TOPSIS method was applied for comprehensive evaluation. The 
evaluation results verified the rationality and effectiveness of the proposed method 
from multiple dimensions. On this basis, policy recommendations are proposed from 
the perspectives of regional grid planning and cross-provincial accommodation 
coordination, providing theoretical support for enhancing the capacity for 
accommodating renewable energy.
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1. Introduction
Against the backdrop of deep global energy structure adjustment and the rigid constraints 
of the “dual carbon” goals, China’s renewable energy development has transitioned from 
a phase of “incremental expansion” to one of “stock accommodation.” Over the past 
decade, leveraging its resource endowment and policy incentives, China’s installed 
capacity of wind and photovoltaic power has ranked first in the world.1,2 According 
to data from the National Energy Administration, by the end of 2024, the national 
renewable energy installed capacity reached 1,889 GW, accounting for approximately 
56% of China’s total installed capacity. However, the power generation was only 3.46 
trillion kWh, accounting for about 35% of total electricity generation.3 This structural 
contradiction of “large installed capacity, small electricity output” is prominent. 
Furthermore, curtailment of wind and solar power exhibits new characteristics of 
“regional, temporal, and structural concentration.” In 2024, the national average wind 
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curtailment rate was about 4.1%, and the solar curtailment 
rate was about 3.2%, with some regions even reaching 
10%,4 exposing bottlenecks in China’s power system across 
technology, market, and institutional dimensions.

From the supply side, the randomness, volatility, and 
anti-peaking characteristics of renewable energy pose 
subversive challenges to the real-time balance of the power 
system. China’s flexible resource share is insufficient. 
According to the 2024 National Electric Power Industry 
Statistics5 released by the National Energy Administration, 
by the end of 2024, the combined installed capacity of 
regulating power sources, such as pumped storage and 
gas power generation, accounted for 5.9%, which still 
lags far behind the target required for high-proportion 
renewable energy integration. On the grid side, there is 
a “time lag” between the transmission capacity of ultra-
high-voltage (UHV) outgoing channels and the growth 
of new energy installation. The China Electric Power 
Development Report 20236 points out that the utilization 
rate of some UHV direct current channels is relatively 
low, and the willingness of receiving provinces to accept 
power during surplus periods continues to decline. On 
the demand side, the response potential has not yet been 
effectively released; the adjustable capacity of industrial 
loads is far below international advanced levels, and 
the existing peak–valley electricity price differential is 
insufficient to cover users’ adjustment costs. This three-
side (source–grid–load) coordination failure has turned 
the new energy accommodation problem into a systemic 
challenge. Therefore, evaluating the renewable energy 
accommodation capacity of 31 provinces is crucial 
for enhancing system regulation capacity, expanding 
market-oriented trading, improving accommodation and 
utilization levels, and achieving sustainable economic 
development.

However, the existing literature rarely examines 
China’s capacity for accommodating renewable energy. 
Therefore, based on previous studies, this paper proposes 
an evaluation index system for renewable energy 
accommodation capacity and an improved Technique for 
Order Preference by Similarity to Ideal Solution (TOPSIS) 
method combining the classical TOPSIS and entropy-
weight methods to evaluate China’s renewable energy 
accommodation capacity, providing necessary theoretical 
and practical support for formulating relevant policies.

The research objectives of this paper are as follows: (i) 
to propose an improved weighted relative closeness degree 
to avoid the rank reversal problem in the TOPSIS method; 
(ii) to construct a variance-minimization optimization 
model to achieve adaptive solving of the variable-entropy 
parameter; and (iii) to apply the proposed method to 

evaluate the renewable energy accommodation capacity 
of 31 Chinese provinces and verify its rationality and 
effectiveness.

The remainder of this paper is organized as follows. 
Section 2 reviews the relevant literature. Section 3 
presents the improved TOPSIS method and the modified 
entropy-weight method. Section 4 constructs the 
evaluation index system, assesses the renewable energy 
accommodation capacity of 31 provinces, conducts a 
sensitivity analysis, discusses the evaluation results, and 
proposes corresponding policy recommendations. Section 
5 concludes the paper.

2. Literature review
This section reviews the literature on renewable energy 
accommodation capacity and the TOPSIS method.

2.1. Renewable energy accommodation capacity

Current research on renewable energy accommodation 
capacity primarily focuses on three aspects: first, its 
connotation. Renewable energy accommodation is a 
major systematic engineering endeavor, resulting from 
the joint effects of factors such as coordinated planning 
of transmission network construction, improvements to 
market rules, and enhancements to grid operation levels 
and technologies.7 Some scholars point out from a micro-
perspective that renewable energy needs to be converted 
through devices such as wind turbines, photovoltaic 
systems, and hydro-turbine units. The process of generating 
electricity from power plants, transmitting it through grid 
lines, and delivering it to users for consumption is referred 
to as the accommodation of renewable energy.8

Second, the influencing factors of renewable 
energy accommodation capacity. Renewable energy 
accommodation capacity is a dynamic indicator 
constrained by multiple factors. Grid peak-shaving 
capacity and frequency stability have become major 
constraints on accommodating new energy sources.9 
Some studies indicate that market-based mechanisms 
can promote renewable energy accommodation.10 Other 
scholars have constructed a multi-level evaluation index 
system for constraints on new energy accommodation 
from four aspects: source, grid, load, and peak-shaving,11 
and have analyzed bottlenecks from various grid operation 
indicators.12 Some scholars have further explored and 
pointed out that environmental foundations and power 
facilities are key factors affecting the accommodation 
of non-hydro renewable energy electricity in China.13 
In addition, the poor scheduling flexibility of thermal 
power units and the lack of supporting mechanisms for 
flexible power sources are structural issues that urgently 

https://doi.org/10.36922/AJWEP026260182


Asian Journal of Water,Asian Journal of Water,
Environment and PollutionEnvironment and Pollution Evaluation of renewable energy accommodation capacity

Volume X Issue X (2026)	 3� doi: 10.36922/AJWEP026260182

need to be addressed in the process of renewable energy 
accommodation.14,15 Furthermore, China’s energy storage 
technology is plagued by issues such as the choice of 
technical direction and performance, and high research 
costs, easily leading to substantial waste of renewable 
energy resources.16 Lastly, some studies indicate that 
government penalty intensity is positively correlated with 
the completion of renewable energy quota accommodation 
by the grid,17 and that government policy preferences play 
a key role in promoting renewable energy development,18 
while foreign direct investment does not significantly cause 
changes in renewable energy consumption.19 Li et al.20 
pointed out that the “three-modification linkage” policy 
can facilitate renewable energy accommodation.

Third, the evaluation of renewable energy 
accommodation capacity. Li et al.21 established a multi-
period, coupled assessment model for renewable energy 
accommodation capacity based on time-series production 
simulation. Yu et al.22 proposed a hybrid evaluation 
model based on a variational autoencoder algorithm and 
an improved fuzzy comprehensive evaluation method to 
comprehensively evaluate the organizational performance 
of coal-fired power enterprises. Shi et al.23 proposed a 
comprehensive power quality evaluation method based on 
the Criteria Importance Through Intercriteria Correlation 
(CRITIC) method and dynamic coefficients. Zheng et 
al.24 proposed an assessment model for grid renewable 
energy accommodation capacity that considers wind–
solar–hydro–thermal multi-energy synergy, based on 
two-stage robust optimization. Li et al.25 constructed a 
day-ahead dispatching model that includes wind and 
photovoltaic power to separately assess renewable energy 
accommodation capacity during transitional seasons, 
summer, and winter. Zhang et al.26 evaluated renewable 
energy accommodation capacity using a time-segmented 
multi-objective real-time dispatching strategy for thermal 
power units.

2.2. TOPSIS method

The classical TOPSIS method was first proposed by Hwang 
and Yoon27 in 1981 as a finite-scheme multi-attribute 
decision analysis method that approximates the ideal 
solution. In practical applications, scholars have identified 
two main shortcomings of the TOPSIS method. First, a 
scheme with a close Euclidean distance to the ideal point 
may also have a close Euclidean distance to the negative 
ideal point, resulting in unreasonable ranking. To address 
this issue, different scholars have proposed solutions from 
various angles, such as substituting the Euclidean distance 
with the orthogonal projection method,28 the angle measure 
method,29 and the vector projection method.30 Although the 
rank reversal measure function was proposed to accurately 

quantify the degree of rank reversal for each method, it 
does not resolve the rank reversal problem itself.31 Some 
scholars have also proposed combined evaluation methods 
based on TOPSIS.32,33 Although these methods offer new 
ideas for solving the rank reversal problem, they suffer 
from issues such as difficulty in understanding and high 
computational complexity.

Second, the classical TOPSIS method assigns equal 
weights to all attributes. However, some scholars have 
pointed out that changes in attribute weights can directly 
affect decision outcomes.34 Therefore, accurately and 
reasonably determining attribute weights is crucial. The 
entropy-weight method is a commonly used objective 
weighting method that assigns weights based on the 
amount of information contained in each attribute value.35 
Sun et al.36 established a multi-criteria evaluation model 
for floating offshore wind turbine foundation schemes 
based on the entropy-weight–TOPSIS method. However, 
there are some unreasonable aspects in determining 
indicator weights using the entropy-weight method.37,38 
Liang et al.39 proposed a variable-entropy model to address 
the shortcomings of the existing entropy-weight method. 
However, it fails to address the situation where ln ijp  lacks 
mathematical significance when 0ijp = .40 Moreover, the 
parameter K in the variable-entropy model is artificially 
specified.40

In summary, based on existing research, this paper 
proposes an improved variable-entropy–TOPSIS 
comprehensive evaluation model to address the rank 
reversal problem of the TOPSIS method and the subjective 
parameter-setting issue of the variable-entropy-weight 
method. On the one hand, the model avoids rank 
reversal by introducing a weighted relative closeness 
degree; on the other hand, it achieves adaptive parameter 
determination by constructing an optimization model. 
This method was then used to evaluate the renewable 
energy accommodation capacity of 31 provinces in China. 
Through sensitivity analysis and comparison of evaluation 
results, the rationality and effectiveness of the proposed 
method were verified, providing theoretical support and 
a decision-making reference for formulating policies on 
renewable energy accommodation capacity.

3. Methods
Suppose a decision problem has m feasible alternatives 
ai (1 ≤ i ≤ m) and n decision criteria fj (1 ≤ j ≤ n), with 

corresponding indicator weights jω  satisfying 0 1jω≤ ≤  

and 
1

1
n

j
j
ω

=

=∑ . Let iju  denote the effectiveness evaluation 

value of alternative ai under criterion fj. The decision matrix 
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is thus obtained as ( )ij m n
U u

×
= . To eliminate dimensional 

differences and enhance comparability, the normalization 
method is adopted to standardize the original matrix:38

2
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ij
ij m

ij
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x
=

=

∑
 (positive indicators)	 (1)
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1

1

ij
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 
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∑
 (positive indicators)	 (2)

Thus, the normalized decision matrix is obtained as 
( )ij m n

X x
×

= .

The basic idea of the classical TOPSIS method is as 
follows: based on the constructed weighted normalized 
matrix, the positive and negative ideal solutions are 
determined: the positive ideal solution consists of the 
optimal values for each indicator, and the negative ideal 
solution consists of the worst values for each indicator. 
The Euclidean distances from each alternative to the 
positive and negative ideal solutions are then calculated, 
and the relative closeness degree of each alternative is 
subsequently obtained. Let { }

1
maxj iji m

x x+

≤ ≤
= , { }

1
minj iji m

x x−

≤ ≤
= ; 

then the positive ideal solution and negative ideal solution 
are 1 2( , , )nX x x x+ + + += ，  and 1 2( , , )nX x x x− − − −= ， .

The distances from alternative ai to the positive and 
negative ideal solutions are:

( ) 2

1

n

i j ij j
j

d x xω+ +

=

 = − ∑ 	 (3)

( ) 2

1

n

i j ij j
j

d x xω− −

=

 = − ∑ 	 (4)

Thus, the relative closeness degree of alternative ai is:

( 1, 2, , )i
i

i i

dC i m
d d

−

− += =
+

　　 	 (5)

where Ci is the relative closeness degree and 0 ≤ Ci ≤ 1. The 
larger the Ci, the better the alternative.

3.1. Improved TOPSIS method

Let A be the negative ideal point, and B be the positive ideal 
point. Let C, D, E, and F be the effectiveness evaluation 
values of four alternatives, as shown in Figure 1.

Using the classical TOPSIS method, the ranking of 
the four alternatives C, D, E, and F yields C 


 D, E   F, 

which is evidently unreasonable. Let H be the foot of the 

perpendicular from F to line AB. Denote AH = z, BH = h, 
FH = a, EF = b. Let dF and dE be the distance differences 
from E and F to the positive and negative ideal points. 
Then:

( ) ( )

2 2 2 2

2 22 2

F

E

d a h z a
d a b h z a b

+ − +
=

+ + − + +	 (6)

> ( )( )2 2 2 2 2 2 2 2

2 2

a h z a a h z a

h z

+ − + + + +

−
 = 1

Figure 1. Rank reversal analysis of the classical TOPSIS method

Thus, dF > dE, i.e., F   E, proving that the classical 
TOPSIS method produces a rank reversal phenomenon 
when ranking alternatives E and F. 

The conventional TOPSIS employs a nonlinear ratio 
form with 

i id d− ++  as the denominator, which is susceptible 
to the influence of extreme outliers or the perpendicular 
bisector effect. The traditional TOPSIS distance ratio is 
decomposed into a linear net benefit summation of the 
positive and negative deviations of each indicator, and 
the weighted relative closeness degree is constructed as 
follows:

( )
1

0

1

n

ij ij
j

i n

j
j

d d
z

d

+ −

=

=

−
=
∑

∑
	 (7)

where 0
jd  is the weighted distance between the positive 

and negative ideal solutions. Alternatives can then be 
ranked by the magnitude of zi; the smaller the zi, the better 
the alternative.

This paper assumes that Ejp+  and Ejp−  are the 
compatibility of the scheme E with the positive and the 
negative ideal points under the attribute bj; Fjp+  and Fjp−  are 
the compatibility of the scheme F; 0

jp  is the compatibility 
degree between the positive and negative ideal points 

https://doi.org/10.36922/AJWEP026260182


Asian Journal of Water,Asian Journal of Water,
Environment and PollutionEnvironment and Pollution Evaluation of renewable energy accommodation capacity

Volume X Issue X (2026)	 5� doi: 10.36922/AJWEP026260182

under the attribute bj; and ωj is the weight of the attribute 
bj. Then:

( )
0

Fj Fj j
Fj

j j

p p
z

p
ω

ω

+ −−
= 	 (8)
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Ej Ej j
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+ −

−
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−
	 (10)

This shows that Fj

Ej

z
z

 and F

E

d
d

 are consistent in form, 

indicating that the weighted relative closeness degree 
proposed in this paper is based on the above proof 
rationale.

3.2. Determination of indicator weights

The entropy-weight method calculates the entropy of 
each indicator based on the evaluation values of different 
alternatives for that indicator, and then determines the 
objective weights. For a given indicator, the greater the 
variation among alternative values, the lower the entropy, 
and the larger the assigned objective weight. The process 
of solving indicator weights using the entropy-weight 
method is as follows:

1

n

j j j
j

h hω
=

= ∑ 	 (11)

where 1j jh E= − , ( )
1

ln
m

j ij ij
i

E k p p
=

= − ∑ , 
1

m

ij ij ij
i

p x x
=

= ∑
, 1 lnk m= . To address the issue where ln pij is 
mathematically undefined when pij = 0, Zhang et al.38 
introduced a 10−4 correction to pij:

4

4

1

10

10

ij
ij m

ij
i

x
p

x

−

−

=

+
=

+∑ 	 (12)

This correction ensures the validity of the logarithmic 
operation while keeping the impact on the entropy value 
Ej within a reasonable range. Therefore, this correction 
method was adopted in this study for calculating pij.

Furthermore, Liang et al.39 and Wang40 pointed out that 
the weights determined by the entropy-weight method lack 
flexibility, i.e., hj = 1− Ej cannot adapt to different situations. 
To address this, they proposed a variable-entropy model, 
where the variable-entropy value of the j attribute is:

j jh Eρ= − 	 (13)

where ρ is a system parameter satisfying 
{ }1 2max , , nE E Eρ ≥ 

. However, the weight vectors 
obtained by previously established methods38,40 still require 
manual assignment of the variable coefficient ρ, introducing 
considerable subjectivity. Moreover, different values of ρ 
may cause significant fluctuations in weight allocation. To 
overcome this issue, following the principle of minimum 
uncertainty in statistics, we argued that minimizing 
the volatility of weights yields the most objective and 
credible ranking of indicator importance. Meanwhile, to 
circumvent the subjective bias inherent in the artificially 
specified parameter ρ, we adopted variance as a measure 
of weight volatility. Minimizing variance implies that the 
weight vector has the strongest resistance to perturbations 
in ρ (i.e., the most robust solution). Based on this rationale, 
we constructed the following optimization model:

( ) ( ) 22min ( )ω ω ω = = −  j j jVAR E E 	 (14)

where 1
1

. .
0

ω

ω
=

 =

 ≥

∑
n

j
j

j

s t .

From Equation 11, hj is normalized. Therefore, let hj = ρ 
− Ej, and the optimal ρ can be obtained from Equation 14.

The process of the improved TOPSIS-based evaluation 
model for provincial renewable energy accommodation 
capacity in China is shown in Figure 2.

4. Case study
This section first introduces the evaluation index system 
for renewable energy accommodation capacity. The 
proposed improved variable-entropy–TOPSIS method 
was then applied to assess the accommodation capacity 
of 31 provinces in China. The evaluation results were 
analyzed from three aspects: weight distribution, method 
comparison, and multi-dimensional performance, 
verifying the rationality and effectiveness of the proposed 
method.

4.1. Index system

Renewable energy accommodation capacity refers to the 
maximum capability of a power system to receive and 
accommodate variable renewable energy generation (such 
as wind and photovoltaic power) in real time, while ensuring 
safe and stable operation and qualified power quality. It is 
essentially the result of the “source–grid–load–storage” 
synergy. Based on a review of domestic and international 
literature and the State Grid’s Guidelines for Calculating 
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New Energy Accommodation Capacity,42 we developed an 
evaluation index system from four dimensions: resource 
endowment (source), power facilities (grid), energy 
consumption (load), and economic development (external 
support). These four primary indicators correspond to 
supply, transmission, demand, and external environment, 
respectively, forming a clear logical hierarchy that reflects 
the systemic nature of the issue. Furthermore, the lengths 
of 35 kV-and-above transmission lines and the capacity 
of 35 kV-and-above substation equipment were included 
to reflect the physical constraints of grid structure on 
accommodation. Gross regional product and per capita 
disposable income were selected to reflect the ability to pay 
for clean energy and the demand-pull effect of economic 
development. A total of 10 secondary indicators were 

constructed. All indicators have clear units, and the data 
were sourced from publicly available channels, such as the 
China Electric Power Statistical Yearbook 202443 and the 
China Statistical Yearbook 2024,44 ensuring accessibility 
and reproducibility. The indicator evaluation system for 
factors influencing renewable energy accommodation 
capacity is shown in Table 1.

4.2. Data sources

We used 31 provinces (excluding Hong Kong, Macao, 
and Taiwan) as research objects and selected relevant 
indicator data for 2024. The data were mainly sourced 
from the China Electric Power Statistical Yearbook 2024,43 
the China Statistical Yearbook 2024,44 the National Energy 
Administration, and announcements from the China 

Figure 2. Process of the improved TOPSIS evaluation model
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Meteorological Administration.

Table 1. Evaluation index system for renewable energy 
accommodation capacity

Influence 
factor Indicator name Unit Code

Resource 
endowment

Optimal tilted surface total 
irradiation kWh/m2

1X

Average wind speed m/s 2X

Average wind power density W/m2
3X

Power 
facilities

Renewable energy installed 
capacity 10,000 kW 4X

Length of 35 kV-and-above 
transmission lines km 5X

Capacity of 35 kV-and-above 
substation equipment 10,000 kVA 6X

Energy 
consumption

Total social electricity 
consumption

100 million 
kWh 7X

Electric power consumption 
growth rate % 8X

Economic 
development

Gross regional product 100 million 
RMB 9X

Per capita disposable income RMB 10X

4.3. Indicator weight analysis

First, the original data were normalized using Equations 
1 and 2 to obtain the normalized decision matrix 

( )ij m n
X x

×
= . The variable-entropy weights were solved 

using Equations 11–13. Using the Lingo software (Version 
11.0, LINDO Systems Inc., United States of America), the 
optimal value of the parameter ρ was 1.0607. The weights 
of each indicator are shown in Table 2.

From Table 2, the weights obtained by the proposed 
method (ρ = 1.0607) ranged from 0.0628 to 0.1441. Among 
them, the weights of renewable energy installed capacity 
(b4 = 0.1280), transmission line length (b5 = 0.1006), and 
substation equipment capacity (b6 = 0.1189) under the 
power facilities dimension all exceeded 0.1, reflecting that 
the robust backbone grid and cross-regional transmission 
channels serve as the “highway” for accommodation. The 
total social electricity consumption (b7 = 0.1293) under 
the energy consumption dimension and the gross regional 
product (b9 = 0.1441) under the economic development 
dimension also demonstrated relatively high weights, 
indicating that the broad electricity market provides 
economic impetus for accommodation. These results 
demonstrate that grid infrastructure and the electricity 

market are key factors affecting accommodation capacity, 
consistent with the actual situation.

To verify the rationality of the proposed weight-
determination method, the method by Wang40 was 
employed for comparison. The results are shown in Table 
3.

Table 2. Indicator weights and ρ values

Indicator Value

ρ 1.0607

b1 0.0644

b2 0.0628

b3 0.0774

b4 0.1280

b5 0.1006

b6 0.1189

b7 0.1293

b8 0.0971

b9 0.1441

b10 0.0773

Table 3. Weight distribution under different ρ values

Indicator E ρ = 1 ρ = 1.5 ρ = 2 ρ = 3

b1 0.9962 0.2763 0.1068 0.1035 0.1018

b2 0.9979 0.4842 0.1071 0.1036 0.1018

b3 0.9833 0.0621 0.1041 0.1022 0.1011

b4 0.9326 0.0154 0.0948 0.0973 0.0986

b5 0.9601 0.0260 0.0996 0.0999 0.1000

b6 0.9417 0.0178 0.0964 0.0981 0.0990

b7 0.9314 0.0151 0.0946 0.0972 0.0986

b8 0.9636 0.0285 0.1003 0.1002 0.1001

b9 0.9165 0.0124 0.0922 0.0959 0.0979

b10 0.9833 0.0622 0.1041 0.1022 0.1011

The differences in weight allocation among indicators 
for ρ = 1.5, 2, and 3 are shown in Figure 3.

From Table 3, when ρ = 1, the weights of b1 and b2 
were as high as 0.2763 and 0.4842, respectively, while the 
other indicators were generally below 0.07. The weight 
distribution is overly concentrated, making it difficult 
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to fully reflect the actual contributions of all indicators. 
From Figure 3, when ρ = 1.5, 2, and 3, the weights of all 
indicators converged toward 0.1, and the differentiation 
among indicators diminished rapidly as ρ increased, failing 
to reflect the differential effects of various indicators on 
accommodation capacity. This indicates that the method 
by Wang40 essentially loses its weight-differentiation 
function when ρ is large.

In summary, the proposed method effectively 
identified the core factors influencing renewable energy 
accommodation while maintaining a reasonable weight 
distribution, demonstrating greater rationality and 
practicality compared with the method by Wang.40

4.4. Evaluation results and analysis

The weighted distances from each alternative to the 
positive and negative ideal solutions under attribute bj 
were determined using Equations 3 and 4. The weighted 
closeness degree was calculated using Equation 7, and 
the rankings of 31 provinces are presented in Table 4. To 
further validate the rationality of the proposed method, 
the results were compared with those from the classical 
TOPSIS method and the improved TOPSIS method,41 as 
shown in Table 4.

From Table 4, the top three provinces in terms of 
renewable energy accommodation capacity were identical 
across the three methods: Guangdong, Jiangsu, and 
Shandong. Furthermore, comparing the proposed method 
in this paper with the improved TOPSIS method,41 the 

rankings of 10 cities (Beijing, Hebei, Shanxi, Shanghai, 
Zhejiang, Henan, Hubei, Guangxi, Shaanxi, and Gansu) 
were consistent, and the rankings for the remaining 
alternatives were also relatively similar, preliminarily 
indicating the rationality of the proposed ranking method.

From Table 4, it can also be observed that the three 
methods yielded inconsistent rankings for Xinjiang and 
Yunnan, two resource-rich regions. To further illustrate 
the rationality and effectiveness of the proposed method, 
Xinjiang and Yunnan were taken as examples for 
detailed analysis. The relevant data for renewable energy 
accommodation in Yunnan and Xinjiang in 2023 are 
shown in Table 5.

From Table 5, Xinjiang generally follows a “large-scale 
centralized development + long-distance transmission” 
model, primarily relying on wind and solar power. Yunnan 
follows a “multi-energy complementary, integrated 
development” model, primarily relying on hydropower, 
with wind and solar power supplementing it. Xinjiang’s 
wind and solar installed capacity is approximately 70 
GW, accounting for 45% of its total installed capacity, 
making it a typical wind- and solar-driven base. Yunnan’s 
renewable energy installed capacity exceeds 120 GW, of 
which hydropower accounts for about 75%, making it a 
clean energy province that synergizes “hydro–wind–solar–
storage.”

In terms of electricity consumption, although Yunnan’s 
total load was smaller, it has energy-intensive industries, 
such as green aluminum and silicon, providing a solid 

Figure 3. Indicator weight allocation at ρ = 1.5, 2, and 3
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foundation for local accommodation. Xinjiang’s total 
load was large, but it remained insufficient compared 
to its enormous generation capacity, making it heavily 
reliant on transmission. In terms of outgoing electricity, 
both provinces exported approximately 50% of their own 
generation, but Yunnan’s total clean energy generation 
(316 billion kWh) far exceeded that of Xinjiang (105.3 
billion kWh).

In terms of system flexibility, Xinjiang relied mainly 
on thermal power for peak shaving and faces difficulties 
during winter heating periods, with wind and solar 
curtailment rates of 3.5% and 2.2%, respectively, higher 
than the national average. Yunnan, with its large-
scale hydropower regulation resources, could smooth 
fluctuations in wind and solar power, offering a superior 
accommodation environment. Therefore, from the 

Table 4. Comparison of 2024 provincial renewable energy accommodation capacity rankings using different methods

Province Classical TOPSIS Ci Ranking Improved TOPSIS  Ci* Ranking Proposed method Zi Ranking

Beijing 0.3037 19 0.6187 21 0.5264 21

Tianjin 0.1951 30 0.5789 30 0.7178 31

Hebei 0.5255 6 0.7510 6 −0.0443 6

Shanxi 0.3371 14 0.6579 14 0.3676 14

Inner Mongolia 0.5488 4 0.7538 5 −0.0165 7

Liaoning 0.3481 13 0.6546 15 0.4075 17

Jilin 0.2733 23 0.6026 25 0.6214 26

Heilongjiang 0.2472 27 0.5934 27 0.6506 29

Shanghai 0.3136 18 0.6246 20 0.4696 20

Jiangsu 0.6698 2 0.8204 2 −0.5186 2

Zhejiang 0.5480 5 0.7644 4 −0.1659 4

Anhui 0.3792 11 0.6844 10 0.2451 12

Fujian 0.3341 15 0.6641 12 0.3155 13

Jiangxi 0.2330 28 0.6087 23 0.5378 22

Shandong 0.6514 3 0.8127 3 −0.4308 3

Henan 0.4362 8 0.7068 8 0.0843 8

Hubei 0.3628 12 0.6656 11 0.2354 11

Hunan 0.3028 20 0.6396 17 0.3847 15

Guangdong 0.6821 1 0.8283 1 −0.5420 1

Guangxi 0.3326 16 0.6518 16 0.4050 16

Hainan 0.2866 22 0.5790 29 0.6400 27

Chongqing 0.1767 31 0.5822 28 0.6464 28

Sichuan 0.5125 7 0.7402 7 −0.0610 5

Guizhou 0.2296 29 0.6015 26 0.5693 24

Yunnan 0.3973 10 0.6637 13 0.2148 9

Tibet 0.2658 25 0.5709 31 0.6876 30

Shaanxi 0.2704 24 0.6279 19 0.4644 19

Gansu 0.3290 17 0.6391 18 0.4499 18

Qinghai 0.2921 21 0.6138 22 0.5590 23

Ningxia 0.2636 26 0.6044 24 0.5981 25

Xinjiang 0.4283 9 0.6933 9 0.2216 10
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perspective of accommodation robustness, Yunnan is 
superior to Xinjiang, and the ranking obtained by the 
proposed TOPSIS method is more reasonable.

To further demonstrate the rationality of the proposed 
method, it was used to calculate the comprehensive scores 
of 31 provinces across the four dimensions of resource 
endowment, power facilities, energy consumption, and 
economic development, as shown in Table 6.

From Table 6, in terms of resource endowment, the top 
eight provinces in comprehensive score were, in descending 
order: Inner Mongolia, Liaoning, Jilin, Heilongjiang, 
Qinghai, Xinjiang, Gansu, and Tibet. This ranking is 
consistent with the raw data and highly aligned with the 
actual resource distribution in China. For example, Inner 
Mongolia has long ranked first in the country in terms of 
onshore wind energy resource potential, installed capacity, 
and electricity generation; Qinghai hosts the world’s largest 
photovoltaic industrial park and has the highest share of 
photovoltaic generation in China, serving as a leader in 
China’s solar energy sector; and Tibet possesses the richest 
solar energy resources in the country, with annual sunshine 
hours reaching 3,000 to 3,400 hours, making it one of the 
regions with the most abundant solar resources in the 
world. In terms of economic development, the top eight 

provinces were Guangdong, Jiangsu, Shandong, Zhejiang, 
Sichuan, Henan, Shanghai, and Fujian, which align with 
their gross regional product and per capita disposable 
income levels. The above results validate the rationality 
and effectiveness of the proposed evaluation method from 
both resource and economic dimensions.

The ranking results reveal a notable regional 
differentiation in accommodation capacity. The top‑ranked 
eastern coastal provinces, such as Guangdong, Jiangsu, 
and Zhejiang, scored relatively high on the dimensions 
of “power infrastructure” and “energy consumption,” 
indicating that their well‑developed grid infrastructure 
and large electricity markets provide strong support for 
renewable energy accommodation. In contrast, western 
provinces, such as Xinjiang, Gansu, Qinghai, and Inner 
Mongolia—despite their abundant wind and solar 
resources—scored lower in the “power infrastructure” 
dimension due to insufficient transmission capacity and 
limited local consumption space, exhibiting a typical 
pattern of “strong resource endowment but weak grid 
connectivity.” This finding is highly consistent with the 
national policy direction of accelerating the construction 
of supporting UHV transmission corridors for large‑scale 
wind and solar bases in deserts, such as the Gobi 
Desert, and barren areas, suggesting that upgrading grid 

Table 5. Renewable energy accommodation-related data for Yunnan and Xinjiang in 2023

Indicator Xinjiang Yunnan Advantage

Resource endowment
Extremely strong, primarily wind and solar; 
nationally top-tier wind and solar resource 
base

Extremely strong, primarily hydropower, supplemented 
by wind and solar: hydropower technically developable 
capacity ranks second nationally, along with high-quality 
wind and solar resources

Comparable

Renewable energy 
installation structure 45% (wind + solar) 25% (wind + solar); 85% (including hydropower) Comparable

Total social electricity 
consumption 403.1 billion kWh 247.5 billion kWh Xinjiang

Outgoing electricity 126.2 billion kWh (50% of its own 
generation) Over 160 billion kWh (50% of its own generation) Yunnan

Renewable energy 
generation 105.3 billion kWh 316 billion kWh (of which hydropower exceeds 300 

billion kWh) Yunnan

System flexibility

Major challenge: primarily reliant on 
thermal power for peak-shaving, severe 
shortage of flexible regulation resources, 
peak-shaving difficulties during winter 
heating period

Significant natural advantage: large-scale hydropower 
(especially with annual regulation capacity) provides 
excellent flexible regulation resources, offering high-
quality peak-shaving services for regional wind and solar 
generation

Yunnan

Accommodation 
effectiveness

Bottlenecks exist: wind curtailment rate 
3.5%, solar curtailment rate 2.2%, higher 
than the national average

Generally good: mainly seasonal hydro curtailment risk, 
relatively low wind and solar curtailment rates Yunnan

Note: Sources: National Energy Administration and State Grid (https://www.nea.gov.cn/2024-01/26/c_1310762246.htm, https://m.bjx.com.cn/
mnews/20241105/1408953.shtml#2)
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Table 6. Evaluation results of 2024 provincial renewable energy accommodation capacity across four dimensions

Region

Resource endowment Power facilities Energy consumption Economic development

Composite 
score Ranking Composite 

score Ranking Composite 
score Ranking Composite 

score Ranking

Beijing 0.0695 9 0.8080 28 0.6209 26 0.2569 10

Tianjin 0.3117 17 0.8166 29 0.6676 28 0.7066 22

Hebei 0.1027 12 −0.4438 4 −0.0974 6 0.4039 13

Shanxi 0.2392 15 0.1371 13 0.3610 14 0.6619 21

Inner Mongolia −0.9274 1 −0.4135 5 −0.2137 5 0.6572 20

Liaoning −0.8252 2 0.3480 18 0.4563 19 0.5812 16

Jilin −0.6857 3 0.6704 26 0.5499 24 0.8334 26

Heilongjiang −0.5960 4 0.6216 24 0.7376 31 0.8012 25

Shanghai 0.7642 28 0.6769 27 0.5449 23 0.2035 7

Jiangsu 0.4384 19 −0.4806 2 −0.4288 2 −0.7501 2

Zhejiang 0.8004 29 −0.1534 8 −0.2361 4 −0.2107 4

Anhui 0.4964 21 0.1219 12 0.2514 10 0.3562 12

Fujian 0.7050 26 0.3798 20 0.3029 12 0.2282 8

Jiangxi 0.6178 25 0.4379 22 0.6392 27 0.5636 15

Shandong 0.1001 11 −0.6563 1 −0.4236 3 −0.2676 3

Henan 0.5900 24 −0.1477 9 0.1954 9 0.2018 6

Hubei 0.8184 30 −0.0009 11 0.5128 21 0.2349 9

Hunan 0.5231 22 0.2885 15 0.6002 25 0.3129 11

Guangdong 0.2815 16 −0.3439 6 −0.5942 1 −0.7939 1

Guangxi 0.1952 14 0.3304 16 0.2593 11 0.6440 19

Hainan 0.0900 10 0.9536 31 0.3056 13 0.8995 28

Chongqing 1.0000 31 0.6445 25 0.7046 30 0.5832 17

Sichuan 0.4419 20 −0.4591 3 0.1530 8 0.1819 5

Guizhou 0.3214 18 0.3795 19 0.6816 29 0.7367 23

Yunnan 0.7172 27 −0.2353 7 0.4557 18 0.6070 18

Tibet 0.0673 8 0.8753 30 0.4174 16 0.9755 31

Shaanxi 0.5276 23 0.3415 17 0.5293 22 0.5466 14

Gansu −0.1036 7 0.2032 14 0.4199 17 0.8670 27

Qinghai −0.1933 5 0.4029 21 0.4712 20 0.9655 30

Ningxia 0.1436 13 0.5562 23 0.3965 15 0.9330 29

Xinjiang −0.1652 6 −0.0723 10 0.0630 7 0.7578 24
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infrastructure and inter‑regional transmission capacity 
is a key breakthrough for improving the accommodation 
capacity of western provinces.

To further visualize disparities in accommodation 
capacity across provinces, Figure 4 presents a comparison 
of the comprehensive scores of the top‑10 and bottom‑10 
provinces.

As shown in Figure 4, the comprehensive scores of 
the top‑10 provinces ranged from −0.5420 to 0.2216, 
while those of the bottom‑10 provinces ranged from 
0.5378 to 0.7178, indicating a clear score gap between 
the two groups. Among them, Guangdong (−0.5420), 
Jiangsu (−0.5186), and Shandong (−0.4308) demonstrated 
markedly lower scores than the other provinces, suggesting 
that their accommodation capacity has a clear advantage. 
In contrast, provinces such as Tibet (0.6876) and Tianjin 
(0.7178) demonstrated relatively high positive scores, 
reflecting notable deficiencies in grid infrastructure 
or local consumption markets. Combined with the 
four‑dimensional scores in Table 6, it can be observed that 
the top‑10 provinces generally demonstrated lower scores 
in the dimensions of “power infrastructure” and “energy 
consumption” (indicating better performance), while the 
bottom‑10 provinces reported higher scores in these two 

dimensions (indicating poorer performance), further 
confirming that grid infrastructure and electricity markets 
are the key factors determining accommodation capacity.

4.5. Recommendations

Based on the evaluation results, policy recommendations 
are proposed from two perspectives: regional grid planning 
and cross-provincial accommodation coordination.

4.5.1. Regional grid planning

It involves two aspects:

(i)	 Differentiate the grid development priorities of 
each province according to their characteristics. 
For provinces with strong resource endowments 
but weak accommodation capacity (e.g., Inner 
Mongolia, Xinjiang, Gansu, Qinghai, and Tibet), 
Table 2 shows that both “transmission line length” (b5) 
and “transformer equipment capacity” (b6) weights 
exceeded 0.1, while Table 4 shows that these provinces 
ranked low due to their relatively poor performance 
in the “power infrastructure” dimension, suggesting 
that weak grid connectivity is the core bottleneck; 
planning efforts should focus on strengthening UHV 
transmission channel construction and supporting 

Figure 4. Comparison of comprehensive scores of the top‑10 and bottom‑10 provinces. A smaller comprehensive score (i.e., a larger negative value) 
indicates stronger accommodation capacity.
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the development of flexibility resources, such as 
pumped storage and electrochemical energy storage, 
to enhance local peak-shaving capacity and effectively 
alleviate wind and solar curtailment. For provinces 
with strong accommodation capacity and large local 
markets (e.g., Guangdong, Jiangsu, Shandong, and 
Zhejiang), Table 4 shows that these provinces ranked 
among the top, and Table 2 shows that the weight of 
“total electricity consumption” (b7) was as high as 
0.1293, suggesting that electricity demand is the core 
driver of accommodation; efforts should focus on 
accelerating the construction of smart distribution 
grids and demand response systems to improve the 
capacity to receive variable renewable energy and 
encourage distributed photovoltaic and offshore 
wind power integration. For provinces with moderate 
resources and markets but poor coordination (e.g., 
Henan, Hubei, Hunan, and Sichuan), efforts should 
focus on optimizing the provincial power supply 
structure, promoting coordinated scheduling of 
hydropower and wind/solar power, and enhancing 
the flexible interconnection capability of grids across 
voltage levels.

(ii)	 Enhance the grid resilience of provinces with weak 
power facilities. For load-center provinces with 
low scores in the power facilities dimension (e.g., 
Tianjin, Beijing, and Shanghai), efforts should focus 
on expanding and upgrading 35 kV-and-above 
transmission lines and substation equipment to 
improve “last-mile” access capacity. At the same 
time, new regulatory resources, such as virtual power 
plants and energy storage stations, should be actively 
promoted to compensate for the shortage of flexible 
regulating power sources, thereby enhancing the 
overall resilience of the grid and its renewable energy 
accommodation capacity.

4.5.2. Cross-provincial accommodation coordination

It involves three aspects:

(i)	 Establish a resource–market matching cross-
provincial accommodation mechanism. To address 
the resource–market mismatch between resource-
rich provinces (e.g., Inner Mongolia and Xinjiang) 
and load-center provinces (e.g., Guangdong and 
Jiangsu), it is recommended to establish a cross-
provincial renewable energy accommodation 
responsibility weighting mechanism, clarifying the 
minimum accommodation ratio for receiving-end 
provinces and incorporating it into local government 
performance assessment. Simultaneously, the “wind–
solar–thermal–storage” integrated transmission 
model should be promoted, with energy storage 

and regulation facilities built at both ends of UHV 
channels to enhance transmission stability. A cross-
provincial green electricity trading market should 
also be established, allowing resource-rich provinces 
to sell green electricity to load-center provinces 
through market mechanisms, creating effective price 
incentives. 

(ii)	 Optimize cross-provincial dispatch strategies to 
alleviate concentrated curtailment issues. For 
provinces with high wind and solar curtailment 
rates (e.g., Xinjiang and Yunnan), dispatch priorities 
can be dynamically adjusted to prioritize renewable 
power during low-load periods and reduce thermal 
power output. A cross-provincial reserve-sharing 
mechanism should be established, allowing provinces 
to share peak-shaving reserve capacity and enhance 
overall system flexibility. The “hydropower + wind/
solar” cross-provincial collaborative dispatch model 
should be promoted—for example, by using Yunnan’s 
abundant hydropower resources to provide regulatory 
services for neighboring provinces’ wind and solar 
generation—to achieve optimal accommodation at 
the regional level. 

(iii)	Identify key node provinces for cross-provincial 
coordination. Provinces with moderate comprehensive 
capacity but stable rankings, such as Henan, Hubei, 
and Anhui, have the potential to become hub nodes for 
cross-provincial power exchange. It is recommended 
to strengthen inter-provincial interconnection line 
construction in these provinces and build provincial-
level power market transfer platforms to facilitate 
the efficient flow of electricity between the east and 
the west, thereby enhancing the overall efficiency of 
renewable energy accommodation nationwide.

4.6. Limitations

This study has certain limitations. Due to data availability 
constraints and variations in statistical standards, factors 
such as energy storage penetration, demand response 
capability, and electricity market maturity are not included 
in the current evaluation system. While these factors 
primarily affect the operational and dispatching aspects of 
renewable energy accommodation and have limited impact 
on our structural capacity assessment, future research may 
incorporate them as data become available to construct a 
more comprehensive evaluation framework.

5. Conclusion
Renewable energy accommodation capacity serves as a 
core benchmark for achieving the “dual carbon” goals, as 
it directly determines whether installed wind and solar 
capacity can be effectively converted into actual electricity 
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output. Insufficient accommodation capacity implies that 
already installed wind and solar capacity faces the risk of 
curtailment, which may lead to investment inefficiency 
and hinder the substitution of fossil fuels (i.e., the “carbon 
lock-in” risk). Therefore, identifying weaknesses in each 
province’s accommodation capacity holds significant policy 
implications, while balancing the objectives of security, 
economy, and green development. Taking 31 provinces 
as the research objects, we have fulfilled all three research 
objectives: (i) To address the rank reversal problem of the 
classical TOPSIS method, the proposed weighted relative 
closeness effectively avoids the rank reversal phenomenon 
in alternative ranking; (II) To overcome the shortcomings 
of the entropy-weight method, the variance minimization 
optimization model successfully achieves an objective 
solution for the variable-entropy parameters, eliminating 
the influence of subjective parameter assignment; and 
(iii) An evaluation index system is constructed from 
four dimensions: resource endowment, power facilities, 
energy consumption, and economic development, and 
the case study verified the effectiveness of the proposed 
method while identifying the key shortcomings in the 
accommodation capacity of each province.
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