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Abstract 14 

Currently, China's renewable energy power generation industry is facing problems such as mismatch 15 

between output and input, and regional imbalance in power generation efficiency. Measuring power 16 

generation efficiency and identifying the key constraints to improving it is an important way of exploring 17 

measures to improve power generation efficiency from a management perspective. This paper constructs 18 

a system of input-output assessment indicators for the efficiency of renewable energy generation in China, 19 

and evaluates and analyses the efficiency of hydro, wind and solar power generation in each province of 20 

China for the period 2016-2020 using the DEA game cross-efficiency model. The results show 21 

widespread inefficiencies and uneven regional development in the three renewable energy generation 22 

industries. The hydropower generation efficiency changed little, the wind power generation efficiency 23 

decreased slightly, and the solar power generation efficiency gradually increased. On this basis, the key 24 

factors affecting the efficiency of hydro, wind and solar power generation in China were analyzed 25 

separately through the Tobit model. The results show that natural resources, grid conditions, and inter-26 

provincial power transmission are important factors in improving the efficiency of renewable energy 27 

generation. This paper also makes recommendations for improving the efficiency of renewable energy 28 

generation in China in terms of policy formulation, technology promotion and grid construction. 29 

Keywords  Renewable energy; Hydropower; Wind power; Solar power; Power generation 30 

efficiency; DEA game cross-efficiency model; Tobit model 31 

Introduction 32 

Background 33 

According to the Statistical Review of World Energy 2021, global carbon emissions amounted to 34 

32.28 billion tons in 2020. With 9.98 billion tons of carbon emissions, accounting for 30.9% of global 35 

carbon emissions(BP 2022), China has become the world's largest emitter of greenhouse gases. In China's 36 

carbon emission industry structure, the power sector, which is dominated by coal-fired power generation, 37 

generates about 41% of the total carbon emissions(Anser et al. 2020). Compared to coal-fired power 38 

generation methods, renewable energy generation methods such as hydro, wind and solar have the 39 

advantages of being low-carbon, clean, efficient and sustainable. Therefore, the vigorous development 40 

of renewable energy has become a key initiative to reduce carbon emissions in the power sector and 41 
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promote a clean energy transition(Liu &Chu 2018). 42 

Driven by technological progress and policy support, China's cumulative installed renewable energy 43 

generation capacity and its share continue to increase. By the end of 2021, the cumulative installed 44 

capacity of renewable energy generation in China exceeded 1 billion kilowatts, accounting for 43.2% of 45 

the country's installed electricity capacity(China Electricity Council, 2022). With the construction of the 46 

national unified electricity market, the construction of the carbon emission trading market, the 47 

environmental value of renewable energy generation will be further reflected, which will further promote 48 

China's renewable energy generation from the " the era of reduced subsidies " into the " the era of non-49 

subsidy access to power grid ". The renewable energy sector is set to lead to a new period of rapid 50 

development.  51 

However, by the end of 2021, the cumulative installed capacity and annual renewable energy power 52 

generation in China were 1.03 billion kilowatts and 2.3 trillion kilowatt-hours, respectively, accounting 53 

for 43.2% and 27.7% of the country's total installed capacity and total power generation(China Electricity 54 

Council, 2022). The output of renewable energy generation does not match the input of installed capacity, 55 

and there is significant scope for improving the efficiency of generation. In this paper, renewable energy 56 

generation efficiency is defined as the relative efficiency of each region compared to other provinces for 57 

a given set of inputs (including cumulative installed capacity, equipment utilized hours and electricity 58 

consumption by generators) and outputs. The efficiency of renewable energy generation is strongly 59 

influenced by stochastic factors such as climate, resources, economics, policy, technology and manpower. 60 

Therefore, improving the efficiency of power generation requires identifying the key factors that 61 

constrain the efficiency of power generation. In addition, there are obvious regional differences in the 62 

efficiency of renewable energy generation in China, and there are also significant differences between 63 

provinces in terms of resource endowment, energy structure and economic level, which poses a huge 64 

challenge to the formulation of regional renewable energy generation policies and strategies.  65 

Literature review 66 

The evaluation of the efficiency of renewable energy generation is an important way to address the 67 

current problems of inadequate and unbalanced development of China's renewable energy generation 68 

industry from a management decision-making perspective. The DEA (Data envelope analysis) model has 69 

been widely used in efficiency evaluation studies in the energy and power industry. As the research 70 

questions continue to be studied, the relevant research methods and research content are being enriched 71 

and refined. The first DEA model proposed by Charnes et al.(1978) was based on the premise of constant 72 

returns to scale. However, in practice, many production units may be in a situation of increasing or 73 

decreasing returns to scale. Gloria et al.(2021) used the BCC (Babker-Charnes-Cooper) model with 74 

variable returns to scale in their analysis of renewable and non-renewable energy generation efficiency 75 

in 126 countries. Traditional DEA models can measure the relative efficiency of different DMUs 76 

(Decision-making units), but decision units with an efficiency value of 1 on the same frontier cannot be 77 

adequately compared. Liang et al.(2020) measured the energy efficiency of Chinese provinces from 2006 78 

to 2018, and further measured and analyzed regions with an efficiency value of 1 using the SE-DEA 79 

(Super-efficiency) model. To avoid the shortcomings of traditional DEA models that make DMUs tend 80 

to exaggerate their advantages when selecting weight combinations due to the characteristics of self-81 

assessment, Liu et al.(2019) developed the DEA cross model using a combination of self-assessment and 82 

mutual assessment to analyze the environmental efficiency of China's provincial power industry. As 83 

environmental issues become more and more of a concern, the focus of the energy and power industry is 84 
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gradually shifting from the pursuit of economic efficiency to the pursuit of energy conservation and 85 

emission reduction in tandem with economic efficiency(Xie et al. 2012). Much of the literature considers 86 

the environmental impact of undesirable outputs such as carbon dioxide and industrial effluent in 87 

efficiency evaluations. Papiez et al.(2019) consider environmental, economic and energy security outputs 88 

when assessing the efficiency of wind power investments in EU countries based on the two-stage bias-89 

corrected DEA approach. Barros(2017), Yan(2017), Yang(2018), et al. based on the SBM (Slack-based 90 

measure) model with undesirable outputs, assessed the efficiency of thermal power plants in Angola, 91 

thermal power in the Chinese provinces and the energy sector, respectively. In addition to desirable 92 

outputs such as electricity generation and GDP, they also consider undesirable outputs such as carbon 93 

dioxide, sewage and harmful gases. Regional differences in the efficiency of power generation in China 94 

are not only determined by the level of technology and scale of production but also the differences in 95 

climatic conditions and economic level of each region cannot be ignored(Shui et al. 2015). Renewable 96 

energy generation such as hydro, wind and solar power is susceptible to stochastic factors such as climate, 97 

resources and geographical conditions(Balali et al. 2017). In their study, Yu(Yu et al. 2021), Zhao(2019), 98 

Shen(Shen et al. 2015), Zhang(2022), et al. found that environmental and stochastic factors have an 99 

impact on efficiency assessment, and used the stochastic frontier analysis method, a three-stage DEA 100 

model, and a three-stage SBM-DEA model to assess the provincial renewable energy generation 101 

efficiency in China, the provincial energy efficiency in China and the energy efficiency in 13 RCEP 102 

countries. In addition, static cross-sectional comparisons using the relative efficiency of different DMUs 103 

over the same period do not reflect the dynamics of the generation sector over time. Xie(2021), Wu(2020), 104 

Meng (2022), Woo(2015),et al. used the Malmquist index, GML (index combined with different DEA 105 

models to assess the environmental efficiency of Chinese power generators, the green economic 106 

efficiency of Chinese regions, the environmental efficiency of renewable energy in 31 OECD countries 107 

and its dynamics over time.  108 

The above studies have evaluated the efficiency of the energy and power sector based on different 109 

perspectives. Most of them consider that the DMUs evaluated are independent and have no influence on 110 

each other. The demand for electricity in the Chinese power market is not infinite, and with limited 111 

resources and demand, there is often direct or indirect competition between DMUs(Xie et al. 2018). 112 

Liang et al(2008). combined the idea of the non-cooperative game in the DEA cross model and proposed 113 

the DEA game cross-efficiency model. Xie(2018, 2021) and Yang et al(2019). studied the energy and 114 

environmental efficiency of 18 Chinese power generators, 26 prefecture-level cities and 30 provinces in 115 

a competitive market based on the DEA game cross-efficiency model.  116 

The ultimate aim of the provincial renewable energy generation efficiency evaluation is to explore 117 

the key factors affecting efficiency and thus provide direction for improving generation efficiency. 118 

Electricity construction and electric power structure are closely related to the development of the 119 

renewable energy generation sector. Yu et al(2021). argue that electricity investment, power structure, 120 

and technological innovation in power generation can have varying degrees of impact on the efficiency 121 

of renewable energy generation. In addition, relevant policies and regulations issued by the government 122 

can also have an impact on the efficiency of the energy and power sector. Related studies have found that 123 

government subsidies(Lu et al. 2022, Yang &Wei 2019), electricity reforms(Mohsin et al. 2021), 124 

renewable energy policies(Papiez et al. 2019b) and other government regulation tools can have an impact 125 

on power generation efficiency and energy efficiency. Technological innovation is generally considered 126 

to have a positive impact on energy efficiency(Miao et al. 2018, Wang &Wang 2020, Yu 2020). However, 127 

the overall level of innovation across the industry hardly has a direct impact on the efficiency of the 128 
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energy and power sector. Some studies have shown that the number of patents granted related to 129 

hydropower, wind power and solar power has a positive impact on the generation efficiency of the three 130 

renewable energy sources(Yu et al. 2021). In addition, there are direct or indirect effects of economic 131 

level(Adom et al. 2018, Xie et al. 2018, Yang &Wei 2019), industrial structure(Guang 2020, Yang &Wei 132 

2019), urbanization(Adom et al. 2018, Lv et al. 2020) and population(Adom et al. 2018) on regional 133 

energy and power generation efficiency.  134 

In summary, current research on the evaluation of efficiency in the energy and power industry 135 

focuses on energy efficiency based on the national, regional and enterprise levels, environmental 136 

efficiency, and the efficiency of individual power generation methods such as thermal power and solar 137 

power. There is less literature dealing with the efficiency of regional renewable energy generation. In 138 

addition, previous studies have addressed various aspects of the factors influencing the efficiency of 139 

power generation, including economic development, industrial structure, population, urbanization, and 140 

the level of technological innovation across the industry. However, most of these factors have an indirect 141 

effect on the efficiency of power generation. Previous studies have given less consideration to the factors 142 

that directly impact the efficiency of renewable energy generation, such as natural condition factors, the 143 

level of grid construction, power supply investment intensity, electricity transmission, and electricity 144 

demand.  145 

Contribution of this article 146 

Considering the imbalance between electricity supply and demand in China's electricity market and 147 

the fact that the renewable energy generation sector is in a competitive market environment, this paper 148 

assesses and analyses the efficiency of hydropower, wind power and solar power generation in China's 149 

provinces for 2016-2020 based on the DEA game cross-efficiency model. On this basis, the Tobit model 150 

was used to explore the main drivers of efficiency in hydro, wind and solar power generation respectively. 151 

Factors such as the economy and the industry-wide level of technological innovation have not had a 152 

direct impact on the renewable energy generation sector. This paper, therefore, focuses on the impact of 153 

factors more relevant to the power sector, such as natural conditions, power structure, grid construction, 154 

power supply investment, inter-provincial power transmission and per capita electricity consumption, on 155 

the efficiency of power generation. Specifically, this paper attempts to address the following questions. 156 

1. What is the performance of the three renewable energy sources in China's provinces in terms of 157 

generation efficiency? 2. What are the regional differences in power generation efficiency across China's 158 

provinces? 3. What are the key factors that affect the efficiency of electricity generation from the three 159 

renewable sources and contribute to regional efficiency differences? 4. What targeted measures should 160 

be taken to improve the efficiency of the three types of renewable energy generation in each province? 161 

The resolution of the above issues is conducive to improving the efficiency of renewable energy 162 

generation in each region and provides a theoretical basis for the formulation of renewable energy 163 

development strategies.  164 

Structure of this paper 165 

The rest of this study is divided into three sections. The second section describes the models and 166 

methods used in this paper and their characteristics. The third section provides an empirical analysis. 167 

First, the selected variables and data sources are described. Then, three types of renewable energy 168 

generation efficiency and their influencing factors in China's provinces for 2016-2020 are analyzed. 169 

Finally, recommendations for the development of renewable energy strategies and policies in China are 170 
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given. The fourth section summarizes the conclusions of the paper. 171 

Methods 172 

The DEA game cross-efficiency model 173 

The principle of DEA is based on marginal efficiency theory and linear programming theory to 174 

define whether DMUs with the same type of inputs and outputs are located on the production frontier to 175 

compare the relative efficiency values between them. Traditional DEA models would not have the ability 176 

to differentiate and rank DMUs (especially those with an efficiency value of 1). In addition, its self-177 

assessment makes it easy for DMUs to exaggerate their strengths and avoid their weaknesses when 178 

choosing weight combinations, making it difficult to produce objective and reasonable results.  179 

To address these issues, Sexton et al.(Sexton et al. 1986) proposed the DEA cross model. The main 180 

idea of the DEA cross model is to combine the optimal weights of other DMUs when measuring the 181 

efficiency value of a DMU, and to use a combination of self-and mutual evaluation to find the average 182 

cross-efficiency value. The method is capable of adequately ranking all DMUs and can address the 183 

problem of overly extreme and unrealistic weighting factors in traditional DEA methods. 184 

Liang et al.(Liang et al. 2008) proposed the DEA game cross-efficiency model based on the DEA 185 

cross model and confirmed that the method can obtain a unique Nash equilibrium solution. The DEA 186 

game cross-efficiency model incorporates the idea of a non-cooperative game based on the DEA cross 187 

model, taking into account the direct or indirect competitive relationships that exist between the decision-188 

making units involved in the evaluation. In addition, the method addresses the shortcoming that the 189 

optimal weights in the DEA cross model are not unique. The method converges to the optimal solution 190 

through continuous iterative calculations, reflecting the validity and objectivity of its results. 191 

Suppose that there are k DMUs in the power market, and each has m inputs and n outputs. 192 

( 1,2,..., )itx i m  and refer to ith input and rth output of the tDMU . 
jt

  and 
it

  refer to the 193 

weights of ith input and rth output of the tDMU . We consider that there is a competitive relationship 194 

between the DMUs and therefore each DMU can be seen as a participant in the game. The efficiency 195 

value of dDMU  is set to de . In the event that the efficiency value ( de ) of dDMU  is not reduced, 196 

tDMU  can choose an optimal set of weights to maximize its efficiency value.  197 

The game cross-efficiency value of tDMU  with respect to dDMU  can be defined by formula1: 198 
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 (1) 199 

where f

jd  and f

id
  represent the feasible weights for the outputs and inputs of dDMU  in the 200 

traditional CCR (Charnes-Cooper-Rhodes) model. dte   denotes the efficiency value of tDMU  201 
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derived by selecting an optimal set of feasible weights, provided that the efficiency value ( de  ) of 202 

dDMU  is not reduced. The difference between the game cross-efficiency value and the cross-efficiency 203 

value is that it is not necessary for the weights in the game cross-efficiency value to be optimal, only that 204 

they are a feasible solution to the CCR model. Based on these considerations, we can calculate the game 205 

cross-efficiency value by using formula 2: 206 
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 (2) 207 

where 1de   is a parameter which initially takes the traditional average cross-efficiency value of 208 

dDMU . When the algorithm finally converges, it becomes the optimal average game cross-efficiency 209 

value. For tDMU  , the model is calculated k times for each relative unit ( , 1,2,...,dDMU d k ). 210 

Assuming that f

jd   and f

id
   are the optimal weights of the model and 

dt
e

  is the optimal efficiency 211 

value of tDMU   with respect to dDMU  , the average game cross-efficiency value of tDMU   is 212 

expressed as formula 3: 213 

 

1

1 k

t dt

d

e e
k





    (3) 214 

te  is used as the parameter for the next iteration of the calculation, and the other units can choose 215 

the optimal set of weights to maximize their efficiency values without reducing the efficiency value ( te ) 216 

of tDMU  . The algorithm terminates when the average game cross-efficiency value of all units 217 

eventually converges to a certain value.  218 

The Tobit model 219 

The Tobit model is suitable for situations where there are restrictions on the values of the 220 

independent variables. In this paper, the value of renewable energy generation efficiency is taken as the 221 

independent variable and its range of values is restricted to 0-1. Therefore, it is reasonable to choose the 222 
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Tobit model for the impact factor analysis. The model is defined by formula 4: 223 

 
T 2~

it i it it it
y x N        ， （0， ）  (4) 224 

where the value of 
it

y
  is given by formula 5: 225 

 
       0

        1

0

1

it

it

it
y

y

y

 
  

，

，
  (5) 226 

where i represents the region, t represents the year, 
it

y
  is the dependent variable which represents 227 

the renewable energy efficiency value in year t for region i, itx  is the independent variable, i  is the 228 

individual effect and it  is the random error term. 229 

Empirical study 230 

Variables and data sources 231 

As mentioned earlier, the game cross-efficiency model is chosen to measure the efficiency of 232 

renewable energy generation in this paper. Therefore, the selection of input and output indicators should 233 

follow the following criteria. 1. The input and output variables must be positive. 2. Input and output 234 

indicators have a strong correlation. 3. The number of DMUs is at least twice as high as the number of 235 

input and output indicators. Given the availability of data, this paper measures the efficiency of hydro, 236 

wind and solar power generation in each of China's provinces (excluding Hong Kong, Macao and Taiwan) 237 

separately for the period 2016-2020. The installed capacity and generation of hydropower in Shanghai is 238 

minimal and data is lacking, so only the hydropower generation efficiency in the remaining 30 provinces 239 

has been measured. In addition, due to the lack of data on wind power in Tibet, this paper only measures 240 

the efficiency of wind power generation in the remaining 30 provinces. In this paper, the cumulative 241 

installed capacity, annual equipment utilization hours, and electricity consumption of power generation 242 

companies are selected as input variables. The data on cumulative installed capacity and annual 243 

equipment utilization hours are obtained from the China Electric Power Yearbook 2021 published by the 244 

China Electricity Council(China Electricity Council 2021). Electricity consumption by generating 245 

companies is equal to the electricity consumption rate of generating companies multiplied by the amount 246 

of electricity generated. And the data on electricity consumption rates of power generating enterprises 247 

are obtained from the National Electricity Price Regulatory Bulletin issued by the National Energy 248 

Administration(National Energy Administration 2019). The output indicator for renewable energy 249 

generation is electricity generation and the output data is obtained from the China Electric Power 250 

Yearbook 2021(China Electricity Council 2021). 251 

In this paper, the Tobit model is used to analyze the factors influencing the efficiency of renewable 252 

energy generation. The results of the DEA game cross-efficiency model assessment are used as the 253 

dependent variable to explore the factors influencing the efficiency of renewable energy generation. 254 

Natural conditions, power structure, power construction, power transmission and electricity consumption 255 

have a large impact on the efficiency of renewable energy generation. Therefore, surface water resources, 256 

annual sunshine hours, the share of thermal power generation in total electricity generation, length of 257 
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transmission lines 35 kV and above, the generation investment other than thermal power generation as a 258 

share of GDP, the share of inter-provincial electricity transmission in total power generation, and per 259 

capita electricity consumption are chosen as independent variables. In addition, economic structure, 260 

technological innovation and carbon emissions also have an indirect impact on the efficiency of 261 

renewable energy generation. In addition, economic structure, science and technology innovation, and 262 

carbon emissions also have an indirect impact on the efficiency of renewable energy generation. The 263 

share of value-added of the second industry in GDP, the share of R&D expenditure in GDP and per capita 264 

CO2 emissions are selected as control variables. The specific indicators selected and their data sources 265 

are shown in Table 1. 266 

Table 1 Variables used in the Tobit model. 267 

In the analysis of impact factors, the independent and control variables were standardized because 268 

the magnitudes of the indicators varied considerably. To eliminate the effect of heteroskedasticity, 269 

logarithms were taken for all variables.  270 

Results of the renewable energy generation efficiency assessment  271 

In this paper, a competition mechanism is introduced in the renewable energy generation efficiency 272 

assessment session, and the provincial hydropower, wind power, and solar power generation efficiencies 273 

are measured separately from 2016 to 2020 using MAXDEA software. The efficiency and statistics of 274 

the rankings are shown in Tables 2-4. 275 

Table 2 Provincial hydropower generation efficiency and ranking in China, 2016-2020 276 

Province 
Efficiency (Year) Ranking 

2016 2017 2018 2019 2020 Mean Max Min 

Beijing 0.2789 0.4892 0.4123 0.4483 0.3503 24.8 28 22 

Tianjin 0.2061 0.4644 0.5622 0.4465 0.3254 24.8 30 17 

 影响因素 Variables Symbol 单位 Data source 

Dependent 

variables 
Generation efficiency 

Hydropower generation efficiency HE \ Obtained from the DEA model 

Wind power generation efficiency WE \ Obtained from the DEA model 

Solar power generation efficiency SE \ Obtained from the DEA model 

Independent 

variables 

Natural condition 
Surface water resources WS 108m3 State statistical bureau 

Annual sunshine hours SH h China Statistical Yearbook 

Electric power structure 
thermal power generation/total power 

generation 
EPS % China Electric Power Yearbook 

Power grid construction length of transmission lines 35 kV and 

above 
PGC km China Electric Power Yearbook 

Power supply 

construction 

the generation investment other than 

thermal power generation/GDP 
PSC % China Electric Power Yearbook 

Power transmission 
Inter-provincial electricity transmission/ 

total power generation 
PT % China Electric Power Yearbook 

Electricity consumption Per capita electricity consumption EC kW·h China Electric Power Yearbook 

Control 

variables 

Economic structure 
the value-added of the second 

industry/GDP 
ES % China Statistical Yearbook 

Science and technology 

investment 
R&D expenditure/GDP STI % 

National Science and Technology 

Investment Statistics Bulletin 

Carbon emission Carbon emissions per capita CE 102t CEADs 
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Hebei 0.2980 0.4846 0.3973 0.4238 0.2921 26.2 29 24 

Shanxi 0.3292 0.6276 0.4820 0.7201 0.7149 16 25 8 

Inner Mongolia 0.2361 0.3531 0.4350 0.5086 0.4595 23.8 29 18 

Liaoning 0.3833 0.3302 0.3315 0.3643 0.4352 26 30 20 

Jilin 0.4668 0.5184 0.4906 0.3983 0.3827 21.8 26 19 

Heilongjiang 0.4386 0.4050 0.3863 0.3154 0.3502 26.4 30 21 

Jiangsu 0.4323 0.6507 0.5769 0.6528 0.4534 16.8 23 13 

Zhejiang 0.5169 0.5755 0.4317 0.5143 0.3916 19.8 24 16 

Anhui 0.4351 0.5867 0.4152 0.4596 0.3817 22.2 25 18 

Fujian 1.0000 0.7623 0.5885 0.6420 0.4299 12.2 21 1 

Jiangxi 0.6592 0.5909 0.5221 0.6650 0.5822 14.4 18 10 

Shandong 0.2908 0.3794 0.3093 0.3411 0.2940 28.2 30 27 

Henan 0.4630 0.4729 0.5965 0.5033 0.4988 19.2 25 13 

Hubei 0.8699 1.0000 0.9994 0.9588 0.9407 2 3 1 

Hunan 0.7544 0.6251 0.4994 0.5096 0.5390 15.4 19 7 

Guangdong 0.6372 0.4871 0.6480 0.8266 0.6739 13 23 8 

Guangxi 0.7732 0.9173 0.7844 0.7283 0.6621 7.8 11 4 

Hainan 0.5047 0.5433 0.4363 0.3240 0.2542 23.8 30 18 

Chongqing 0.7429 0.7698 0.6834 0.6089 0.6015 11.6 17 8 

Sichuan 0.9120 0.9566 0.9299 0.9997 0.9999 2 3 1 

Guizhou 0.7728 0.9123 0.8331 0.8159 0.7527 6.8 9 5 

Yunnan 0.8530 0.9624 0.9053 0.8823 0.7932 4 6 2 

Tibet 0.5889 0.7860 0.7940 0.8423 0.6820 8.8 13 6 

Shaanxi 0.5117 0.6352 0.5658 0.6132 0.5698 15.6 17 14 

Gansu 0.7224 0.8166 0.8792 0.8400 0.8606 6.6 9 5 

Qinghai 0.5375 0.7622 0.9625 0.9084 0.8911 7 15 2 

Ningxia 0.5730 0.7036 0.8364 0.8733 0.9411 7.8 14 2 

Xinjiang 0.6484 0.8255 0.7316 0.7162 0.6184 10.2 12 6 

 277 

 278 

Fig 1 Box plot of provincial hydropower generation efficiency in China, 2016-2020 279 

As can be seen from Fig1, the national hydroelectric power generation situation was relatively stable 280 
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from 2016 to 2020, with the mean and median power generation efficiency varying less between 0.5 and 281 

0.7. Compared to other renewable energy sources, hydropower is a more mature technology with a long 282 

history of development, and as a result, China's overall power generation efficiency has been less volatile 283 

in the last five years. In terms of the provinces, there are significant regional differences in the efficiency 284 

of hydropower generation in China. Sichuan, Hubei, Yunnan, Gansu, Guizhou and Qinghai have high 285 

hydroelectric efficiency and their average ranking, with their five-year average efficiency values all 286 

greater than 0.8. These six provinces are rich in water resources and have a large topographic relief, 287 

providing excellent conditions for the development of hydropower generation. Shandong, Liaoning, 288 

Hebei, Heilongjiang, Beijing and Inner Mongolia have low hydroelectric efficiency and their average 289 

ranking, all with an average efficiency of less than 0.4. These six regions have scarcer water resources 290 

and less installed hydropower capacity and generation capacity. In addition, the efficiency rankings of 291 

Shanxi, Qinghai, Ningxia, Inner Mongolia and Henan show a year-on-year trend of improvement. Both 292 

Fujian and Hainan have increased their capital investment in hydropower generation year on year without 293 

a significant increase in their generation capacity. As a result, the efficiency rankings of the two regions 294 

show a decreasing trend year on year. 295 

Table 3 Provincial wind power generation efficiency and Ranking in China, 2016-2020 296 

Province 
Efficiency (Year) Ranking 

2016 2017 2018 2019 2020 Mean Max Min 

Beijing 0.6867 0.8462 0.7741 0.7015 0.4419 18.2 26 7 

Tianjin 0.7598 0.8373 0.6116 0.6143 0.3889 21.2 30 10 

Hebei 0.9415 0.9549 0.8511 0.7832 0.7657 6.8 9 2 

Shanxi 0.9395 0.8324 0.8285 0.6825 0.6239 12.4 18 7 

Inner Mongolia 0.9492 0.9466 0.9980 0.9904 0.9636 2.6 5 1 

Liaoning 0.8746 0.8389 0.9723 0.8523 0.8154 6.8 10 4 

Jilin 0.6283 0.7193 0.9636 0.9423 0.9484 13 29 3 

Heilongjiang 0.7271 0.7637 0.9414 0.8686 0.7959 12.4 24 4 

Shanghai 0.7602 0.9156 0.9197 0.7411 0.5687 11.6 20 4 

Jiangsu 0.9228 0.8566 0.8296 0.6976 0.6719 10.4 16 6 

Zhejiang 0.8136 0.7776 0.8017 0.7042 0.5689 15.6 19 12 

Anhui 0.9074 0.8433 0.8403 0.6732 0.5269 13.8 23 8 

Fujian 0.9981 0.9058 0.9865 0.7978 0.8083 4.6 7 1 

Jiangxi 0.7351 0.7456 0.7937 0.6909 0.5556 19.2 22 15 

Shandong 0.9538 0.7912 0.7735 0.6514 0.6573 14.8 21 4 

Henan 0.7353 0.6624 0.5716 0.4964 0.4505 26.6 30 20 

Hubei 0.7329 0.7351 0.6935 0.6094 0.5657 22.8 25 21 

Hunan 0.7888 0.8100 0.7283 0.7093 0.6233 15.4 22 12 

Guangdong 0.7975 0.7302 0.6939 0.5925 0.6374 20.2 26 13 

Guangxi 0.8032 0.7390 0.7817 0.7098 0.6050 16.2 22 12 

Hainan 0.6582 0.7123 0.5696 0.5691 0.4101 27.6 30 26 

Chongqing 0.6316 0.7998 0.6063 0.5678 0.3982 25.4 29 14 

Sichuan 0.7571 0.7099 0.8614 0.7782 0.6904 14.4 27 8 

Guizhou 0.8244 0.7968 0.7425 0.6593 0.6231 16.8 21 11 

Yunnan 0.9755 1.0000 0.9980 1.0000 1.0000 1.6 3 1 

Shaanxi 0.9806 0.8040 0.7608 0.6043 0.4725 16.8 25 2 
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Gansu 0.6248 0.7983 0.7739 0.7512 0.8170 15.6 30 5 

Qinghai 0.7318 0.6323 0.6206 0.5477 0.4335 27 30 23 

Ningxia 0.6944 0.6917 0.7195 0.6056 0.6088 23.4 28 17 

Xinjiang 0.7556 0.7954 0.8092 0.8069 0.8380 11.8 19 4 

 297 

Fig 2 Box plot of provincial wind power generation efficiency in China, 2016-2020 298 

As can be seen from Fig 2, the national wind power generation situation was relatively stable from 299 

2016 to 2018 and the efficiency of wind power generation is high, with the average value of efficiency 300 

varying between 0.79 and 0.81. Starting in 2019, the national wind power efficiency showed a slight 301 

downward trend, with its mean and average decreasing year by year, from 0.7939 to 0.6425. In addition, 302 

the area of the box plot (determined by subtracting the value at the 25% position from the value at the 303 

75% position) has increased, which suggests that the gap between provinces is increasing. In recent years, 304 

many provinces in China have increased their investment in wind power and installed capacity is growing 305 

at a fast rate. However, as wind power generation is affected by exogenous factors such as climate 306 

variability, immature technology and the lack of long-term development planning, the growth rate of 307 

power generation is relatively slow and the efficiency of wind power generation has not improved. In 308 

terms of the provinces, 76% of the 150 samples had wind power efficiency values greater than 0.65, and 309 

70% of the 30 provinces had a five-year average wind power generation efficiency value greater than 310 

0.7. This indicates that the wind power generation efficiency is close to the production frontier in each 311 

region, with less variation between regions. Among them, Yunnan, Inner Mongolia, Fujian, Liaoning and 312 

Hebei have higher wind power generation efficiency and their average ranking, with their five-year 313 

average efficiency greater than 0.85. Henan, Hainan, Qinghai, Chongqing, Tianjin, Ningxia and Hubei 314 

have low wind power efficiency and their average rankings, with their average efficiency values below 315 

0.67. 316 

Table 4 Provincial solar power generation efficiency and Ranking in China, 2016-2020 317 

Province 
Efficiency (Year) Ranking 

2016 2017 2018 2019 2020 Mean Max Min 

Beijing 0.5342 0.4844 0.4212 0.5068 0.5555 25.2 28 19 

Tianjin 0.4489 0.5387 0.4087 0.5877 0.7052 23.4 29 20 

Hebei 0.7199 0.7320 0.8568 0.8926 0.8439 8.4 11 3 

Shanxi 0.8318 0.7443 0.8142 0.8458 0.9819 6.8 10 4 

Inner Mongolia 1.0000 0.8428 0.9872 0.9835 0.9916 2.8 7 1 
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Liaoning 0.5285 0.3673 0.6852 0.6944 0.7190 20.8 31 17 

Jilin 0.3581 0.4085 0.5800 0.7503 0.6559 22.8 28 15 

Heilongjiang 0.4402 0.3813 0.5872 0.6476 0.7278 22.2 30 17 

Shanghai 0.2781 0.4002 0.5031 0.4534 0.5510 28.6 30 26 

Jiangsu 0.9936 0.7250 0.7897 0.7935 0.7741 10 15 2 

Zhejiang 0.6476 0.8221 0.9094 0.8363 0.8376 9.2 15 3 

Anhui 0.6686 0.9606 0.7849 0.8141 0.8467 9.4 14 2 

Fujian 0.3657 0.5596 0.6374 0.5952 0.7196 21.4 27 18 

Jiangxi 0.4934 0.6912 0.6918 0.6136 0.6439 19.8 25 14 

Shandong 0.5987 0.6729 0.8551 0.8149 0.7852 12.6 17 7 

Henan 0.4433 0.6926 0.7579 0.7639 0.8517 14.4 24 9 

Hubei 0.5350 0.6687 0.6763 0.6193 0.6779 19.6 23 18 

Hunan 0.4133 0.4083 0.6050 0.6310 0.6932 22.6 26 20 

Guangdong 0.5497 0.8506 0.5332 0.6057 0.7683 17.2 24 6 

Guangxi 0.5094 0.4068 0.4612 0.5787 0.5593 25.6 27 21 

Hainan 0.6880 0.5092 0.3339 0.5776 0.6904 22.6 30 13 

Chongqing 0.3450 0.4009 0.3057 0.2745 0.3899 30 31 28 

Sichuan 0.8121 0.6736 0.7377 0.7828 0.7860 12.4 16 7 

Guizhou 0.2285 0.4096 0.5785 0.3239 0.4223 27.6 31 23 

Yunnan 0.8212 0.6885 0.6956 0.7906 0.9245 11 15 6 

Tibet 0.8305 0.5054 0.5169 0.6311 0.6256 19.4 26 5 

Shaanxi 0.7103 0.9432 0.7272 0.7238 0.8567 10.6 16 3 

Gansu 0.7894 0.8599 0.8375 0.8716 0.9971 5.2 8 1 

Qinghai 0.9673 1.0000 1.0000 1.0000 0.9854 1.8 3 1 

Ningxia 0.7767 0.8164 0.8685 0.8701 0.9792 6.6 9 5 

Xinjiang 0.7232 0.8763 0.8925 0.8573 0.9272 6 10 4 

 318 

Fig 2 Box plot of provincial solar power generation efficiency in China, 2016-2020 319 

As can be seen from the spit, China's solar power efficiency steadily improved from 2016 to 2020, 320 

with its mean and median increasing each year, with the mean efficiency increasing from 0.6145 to 321 

0.7572 and the median increasing from 0.5987 to 0.7683. In addition, there is an overall decreasing trend 322 

in the size of the box plots, which indicates a decreasing disparity between regions. In recent years, the 323 
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cost of solar power generation in China has continued to fall, basically achieving "grid parity". This 324 

provides an important basis for increasing the efficiency of solar power generation. In terms of the 325 

provinces, there are significant regional differences in the efficiency of solar power generation in China. 326 

Qinghai, Inner Mongolia, Gansu, Ningxia, Xinjiang, Shanxi, Jiangsu, Zhejiang, Anhui and Hebei have 327 

high solar power efficiency and their rankings, with five-year average values of power generation 328 

efficiency greater than 0.8. These provinces are concentrated in northern, eastern and northwestern China. 329 

The northern region is rich in solar resources and has a high total annual horizontal radiation of light, 330 

which is conducive to the development of solar power generation. The three provinces in eastern China 331 

are located in the middle and lower reaches of the Yangtze River plain and have relatively flat terrain, 332 

providing excellent conditions for the construction of solar power plants. Chongqing, Guizhou, Shanghai, 333 

Beijing, Guangxi and Tianjin have low solar power generation efficiency and ranking, with a five-year 334 

average generation efficiency below 0.55. The solar power industry in these five regions is still at an 335 

early stage of development, with Chongqing, for example, has gradually gone from strength to strength 336 

since 2016. The solar power industry in these regions has not yet reached a certain scale and the 337 

technology for power generation is not yet mature. Therefore their solar power efficiency still needs to 338 

be improved. 339 

Results of the analysis of factors influencing the efficiency of 340 

renewable energy generation 341 

In this paper, the factors influencing the efficiency of hydro, wind and solar power generation are 342 

analyzed separately, so three Tobit regression models have been developed. In addition, surface water 343 

resources are only included in the model for the analysis of factors influencing the efficiency of 344 

hydropower generation, annual sunshine hours are only included in the model for factors influencing the 345 

efficiency of solar power generation, and other explanatory and control variables are included in the three 346 

models for analysis.  347 

The variables were first analyzed for correlation using Stata software and the correlation coefficient 348 

matrix is shown in Tables 5-7.  349 

Table 5 Correlation matrix for model 1 350 

Variables HE WS EPS PGC PSC PT EC ES STI CE 

HE 1.000 

        

 

WS 0.422*** 1.000 

       

 

EPS -0.458*** -0.487*** 1.000 

      

 

PGC 0.154* 0.455*** 0.055 1.000 

     

 

PSC 0.343*** 0.439*** -0.444*** 0.409*** 1.000 

    

 

PT 0.315*** 0.000 -0.232*** 0.154* 0.291*** 1.000 

   

 

EC -0.072 -0.450*** 0.342*** 0.010 0.133 0.147* 1.000 

  

 

ES 0.089 0.114 0.018 0.432*** 0.400*** 0.138* 0.107 1.000 

 

 

STI -0.262*** -0.376*** 0.541*** -0.035 -0.542*** -0.183** 0.100 -0.006 1.000  

CE -0.198** -0.410*** 0.138* 0.062 0.308*** 0.351*** 0.668*** 0.254*** -0.273*** 1.000 

*, **, and *** denote the statistical significance at 10%, 5%, and 1% levels, respectively 351 

For hydropower generation efficiency, surface water resources, length of transmission lines 35 kV 352 

and above, the generation investment other than thermal power generation as a share of GDP, and the 353 

share of inter-provincial electricity transmission in total power generation have a positive relationship 354 
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with them and are significant at least at the 10% level. This suggests that when these variables are 355 

increasing, the efficiency of hydropower generation also increases. In contrast, the share of thermal 356 

power generation in total electricity generation has a negative correlation with the efficiency of 357 

hydropower generation, significant at the 1% level. The increase in the share of thermal power generation 358 

in total power generation is not conducive to the increase in the efficiency of hydroelectric power 359 

generation. The correlation between per capita electricity consumption and hydropower generation 360 

efficiency is not significant. 361 

Table 6 Correlation matrix for model 2 362 

Variables WE EPS PGC PSC PT EC ES STI CE 

WE 1.000 
        

EPS -0.058 1.000 
       

PGC 0.283*** -0.231*** 1.000 
      

PSC 0.122 -0.444*** 0.545*** 1.000 
     

PT 0.227*** -0.279*** 0.126 0.245 1.000 
    

EC 0.013 0.132 -0.112 0.191** 0.182** 1.000 
   

ES 0.149* -0.004 0.469*** 0.437*** 0.121 0.088 1.000 
  

STI -0.120 0.282*** -0.293*** -0.553*** -0.152* -0.066 -0.070 1.000 
 

CE 0.195** 0.364*** 0.067 0.265*** 0.341*** 0.755*** 0.244*** -0.243*** 1.000 

*, **, and *** denote the statistical significance at 10%, 5%, and 1% levels, respectively 363 

For wind power generation efficiency, length of transmission lines 35 kV and above, and the share 364 

of inter-provincial electricity transmission in total power generation have a positive relationship with 365 

them and are significant at the 1% level. It follows that an increase in these two variables is likely to 366 

contribute to an increase in the efficiency of wind power generation. The correlation between the share 367 

of thermal power generation in total electricity generation, the generation investment other than thermal 368 

power generation as a share of GDP, per capita electricity consumption and the wind power generation 369 

efficiency is not significant. 370 

Table 7 Correlation matrix for model 3 371 

Variables SE SH EPS PGC PSC PT EC ES STI CE 

SE 1.000 

         

SH 0.389*** 1.000 

        

EPS -0.073 -0.077 1.000 

       

PGC 0.395*** -0.146* -0.008 1.000 

      

PSC 0.399*** 0.068 -0.460*** 0.477*** 1.000 

     

PT 0.141* 0.128 -0.233*** 0.111 0.255*** 1.000 

    

EC 0.457*** 0.332*** 0.345*** -0.043 0.089 0.145* 1.000 

   

ES 0.216*** -0.087 -0.010 0.461*** 0.425*** 0.121 0.079 1.000 

  

STI -0.103 -0.292*** 0.544*** -0.165** -0.587*** -0.169** 0.118 -0.066 1.000 

 

CE 0.370*** 0.593*** 0.132 0.046 0.284*** 0.346*** 0.664*** 0.243*** -0.268*** 1.000 

*, **, and *** denote the statistical significance at 10%, 5%, and 1% levels, respectively 372 

For solar power efficiency, annual sunshine hours, length of transmission lines 35 kV and above, 373 

the generation investment other than thermal power generation as a share of GDP, the share of inter-374 

provincial electricity transmission in total power generation and per capita electricity consumption are 375 

all positively correlated with them and are significant at least at the 10% level. It can therefore be assumed 376 

that an increase in these variables will have a positive impact on the efficiency of solar power. The 377 
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correlation between per capita electricity consumption and the share of thermal power generation in total 378 

electricity generation and solar power efficiency is not significant. 379 

According to the results of the correlation analysis, there was a high correlation between certain 380 

variables. Therefore, the independent and control variables of the three models were tested separately for 381 

multicollinearity. The results of the test are shown in table 8. The VIF values for all independent and 382 

control variables were less than 10 and did not exceed the critical values, allowing them to be included 383 

in the Tobit model for regression analysis.  384 

Table 8 Multicollinearity test results 385 

Variables WS SH EPS PGC PSC PT EC ES STI CE 
Mean 

VIF 

Model 1 3.54 \ 2.30 2.12 2.73 1.32 2.39 1.50 2.63 3.84 2.49 

Model 2 \ \ 2.98 1.72 2.86 1.68 3.42 1.56 1.79 6.05 2.76 

Model 3 \ 1.91 2.29 1.65 2.88 1.33 2.40 1.61 2.40 3.95 2.27 

The DEA gaming cross-efficiency model measures generation efficiency between 0 and 1. In 386 

practice, there are efficiency values equal to 1, but not equal to 0. Therefore, the actual range of values 387 

for the generation efficiency is (0,1]. In the previous section, logarithms were taken for all variables, so 388 

that the range of values of the dependent variable becomes (-∞,0]. The right merge point of the Tobit 389 

model is 0. Tobit regression analysis was carried out in this paper using Stata software and the regression 390 

results are shown in Table 9. 391 

Table 9  392 

Variables Model 1 Model 2 Model 3 

WS 0.0444 (0.0604) \ \ \ \ 

SH \ \ \ \ 0.1245*** (0.0307) 

EPS -0.1093** (0.0529) -0.0273 (0.0671) -0.0971** (0.0376) 

PGC 0.0318 (0.0541) 0.0256 (0.0328) 0.1504*** (0.0308) 

PSC 0.0175 (0.0366) -0.0525* (0.0273) 0.0468 (0.0302) 

PT 0.1020** (0.0404) 0.0259 (0.0303) -0.0094 (0.0285) 

EC 0.1311** (0.0539) -0.0785* (0.0456) 0.1788*** (0.0389) 

ES -0.0005 (0.0251) 0.0219 (0.0194) -0.0190 (0.0215) 

STI -0.0622 (0.0522) -0.0577 (0.0416) 0.0771 (0.0360) 

CE -0.1702** (0.0663) 0.0737 (0.0568) -0.0501 (0.0474) 

*, **, and *** denote the statistical significance at 10%, 5%, and 1% levels, respectively, and the values 393 

in brackets represent standard errors. 394 

Model 1 demonstrates the role of each variable in influencing the efficiency of hydropower 395 

generation. Surface water resources, length of transmission lines 35 kV and above, the generation 396 

investment other than thermal power generation as a share of GDP, the share of inter-provincial electricity 397 

transmission in total power generation and per capita electricity consumption have a positive contribution 398 

to the hydropower generation efficiency to varying degrees. Hydroelectricity is more dependent on 399 

regional water resources than coal-fired power generation methods. When surface water resources are 400 

abundant in the region and the water level drop is large, it can provide good preconditions for regional 401 

hydropower generation. In addition, good grid conditions can improve the efficiency of electricity 402 

transmission, which not only helps to increase the amount of grid-connected electricity generated by 403 

hydropower, but also facilitates the transmission of electricity across provinces. This is conducive to 404 

increased hydroelectricity and more efficient power generation. Electric power structure is also one of 405 
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the most important factors affecting hydropower generation. The share of thermal generation in total 406 

generation has a negative impact on the efficiency of hydro generation and is significant at the 5% level. 407 

As the share of thermal power generation in total power generation increases, the share of hydropower 408 

generation will be squeezed, which will have a negative impact on the efficiency of hydropower 409 

generation. 410 

Model 2 demonstrates the role of each variable in influencing the efficiency of wind power 411 

generation. There is a positive relationship between the length of transmission lines 35 kV and above, 412 

and the share of inter-provincial electricity transmission in total power generation on the efficiency of 413 

wind power generation. There may be a negative relationship between the share of thermal power 414 

generation in total generation, the generation investment other than thermal power generation as a share 415 

of GDP and per capita electricity consumption to varying degrees on the efficiency of wind power 416 

generation. This suggests that the impact of provincial electricity demand on wind power efficiency is 417 

not significant. Instead, the improvement of wind power efficiency is more focused on grid transmission 418 

capacity and inter-provincial electricity transmission. The construction of China's ultra-high voltage 419 

transmission grid will facilitate the conversion of the abundant wind energy resources in Northwest and 420 

North China into electricity for transmission to the eastern regions where the demand for electricity is 421 

greater. In addition, investments in power supply construction for wind power may not translate well into 422 

output, and blind investment in wind power projects may lead to a reduction in the efficiency of wind 423 

power generation.  424 

Model 3 demonstrates the role of each variable in influencing the efficiency of solar power 425 

generation. There is a significant positive relationship between annual sunshine hours, length of 426 

transmission lines at 35 kV and above, and per capita electricity consumption on solar power efficiency 427 

at the 1% level. It shows that abundant solar resources are an important prerequisite for solar power 428 

generation. In addition, there has been continued development of distributed solar power in China in 429 

recent years. Of the new solar power grid-connected capacity in 2021, distributed solar power will add 430 

about 29 million kilowatts, accounting for about 55% of all new solar power installations. It makes the 431 

impact of grid conditions and provincial electricity demand on the efficiency of solar power generation 432 

significant. The share of thermal power generation in total electricity production has a negative impact 433 

on the efficiency of solar power at the 1% level. This indicates that there is a 99% certainty that an 434 

overweighting of thermal generation will inhibit the efficiency of solar generation. 435 

In this paper, the share of value-added of the second industry in GDP, the share of R&D expenditure 436 

in GDP and per capita CO2 emissions are selected as the control variables of the model. Economic, 437 

technological and other factors may have a role to play in the efficiency of renewable energy generation. 438 

The inclusion of control variables can improve the overall reliability of the regression model. As these 439 

variables have no direct impact on renewable energy inputs and outputs, their effect on the efficiency of 440 

renewable energy generation is not significant. 441 

Conclusions and suggestions 442 

Conclusions 443 

This paper aims to assess the efficiency of hydro, wind and solar power generation in China's 444 

provinces and analyze their influencing factors, to provide targeted advice on the development of the 445 

three regional renewable energy sources and to promote the improvement of the efficiency of renewable 446 

energy generation in China. The main work and conclusions of this paper are as follows. 447 
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This paper constructs a provincial renewable energy power generation efficiency input-output 448 

assessment index system in China to measure the efficiency of hydro, wind and solar power generation 449 

in each province of China from 2016 to 2020 respectively. The assessment revealed that inefficiencies 450 

and uneven regional development prevail in the three renewable energy generation industries. China's 451 

hydropower generation efficiency was relatively stable overall from 2016 to 2020, with relatively small 452 

changes in the national average generation efficiency values. There are still large differences in power 453 

generation efficiency between regions, for example, provinces such as Sichuan, which are rich in hydro 454 

energy resources and have large terrain drop-offs, have higher hydropower generation efficiency. Instead, 455 

regions such as Shandong, where water resources are relatively poor, are less efficient. Regional 456 

differences in China's wind power efficiency from 2016-2018 were small and the national efficiency 457 

average was relatively stable. However, the average power generation efficiency has decreased in the last 458 

two years. The installed capacity of wind power in many provinces is growing at a faster rate, but the 459 

growth in electricity generation is not as fast as it should be, and the differences between regions have 460 

increased. China's solar power generation efficiency has steadily improved over the 2016-2020 period, 461 

and the regional differences in generation efficiency have decreased in recent years. In addition, areas 462 

such as Qinghai are rich in solar resources and have relatively high solar power generation efficiency. 463 

Instead, areas such as Chongqing, where the solar power industry is still in its early stages of development, 464 

have low solar power generation efficiency.  465 

This paper develops three regression models to analyze the factors influencing the efficiency of 466 

hydro, wind and solar power generation in China respectively, and to explore the reasons for the uneven 467 

development of the renewable energy generation industry in each region. The correlation analysis as well 468 

as the regression results show that the share of thermal power generation in total power generation has a 469 

negative impact on the efficiency of all three renewable energy sources. Conversely, the abundance of 470 

natural resources, good grid conditions and the transmission of electricity across provinces can have a 471 

positive impact on the efficiency of electricity generation from the three renewable energy sources. 472 

Policy suggestions 473 

1 The results of the study show that the share of thermal power generation in total electricity 474 

generation has a negative effect on the efficiency of renewable energy generation and that thermal power 475 

generation is environmentally damaging. Therefore, full use should be made of clean energy, increasing 476 

the share of renewable energy generation in total power generation and reducing the environmental 477 

impact of thermal power generation. In addition, as renewable energy is influenced by natural resources 478 

and climatic conditions, traditional thermal power generation cannot be completely abandoned and 479 

should be used as a complementary, regulating means. 480 

2 Formulate long-term development plans for renewable energy in each province to avoid blind 481 

investment in renewable energy power projects, which could result in overcapacity and reduced 482 

efficiency in power generation. 483 

3 The length of transmission lines at 35 kV and above and the share of inter-provincial electricity 484 

transmission in total power generation have a positive effect on the efficiency of renewable generation. 485 

In addition, there are regional differences in China's renewable energy generation industry and electricity 486 

demand. The western and northern regions of China are rich in wind and solar power and have a large 487 

amount of renewable energy generation, while the eastern regions have a high economic level and high 488 

demand for electricity, resulting in an imbalance between supply and demand. Therefore, emphasis 489 

should be placed on the construction of power grids to facilitate the inter-provincial transmission of 490 
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electrical energy. This helps to balance the supply and demand for electricity in the regions and to 491 

improve the efficiency of renewable energy generation. 492 

4. Each region formulates a targeted renewable energy development strategy based on its resource 493 

endowment, energy structure, economic level, etc. For example, coastal areas such as Shandong and 494 

Jiangsu, which are rich in offshore wind energy resources, should focus on developing the development 495 

potential of offshore wind power generation and increase investment in capital, technology and 496 

manpower. More developed areas such as Beijing, Tianjin and Shanghai are highly urbanized and have 497 

a high demand for electrical energy. These areas can vigorously develop distributed solar power 498 

generation and make rational use of urban building rooftops to increase power generation to meet the 499 

demand for power generation within the region and improve power generation efficiency. 500 
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