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Abstract 

In recent years, China's wind power industry has developed rapidly. However, there are 
also problems such as high dependence on foreign core technologies for wind power 
equipment manufacturing, lacking of competitive enterprises, and blind pursuing the 
scale expansion. Based on the financial data of 15 wind power equipment manufacturing 
listed companies in China, this paper uses Data Envelopment Analysis (DEA) to conduct 
empirical evaluation on the financial performance of these companies from 2017 to 
2019. According to the evaluation data, Cluster Analysis is adopted to conduct effective 
classification, and relevant suggestions for improving financial performance are put 
forward. The research in this paper provides reference for wind power enterprises to 
improve financial performance and realize sustainable development. 
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1. Introduction 

In recent years, China's wind power industry has achieved leapfrog development. Both in terms 
of wind power installation and power generation, China has become the world's largest wind 
power country [1]. However, at present, China's wind power listed companies generally appear 
problems of unreasonable allocation of resources such as high cost, low output and so on. In 
addition, listed wind power companies are highly dependent on policy subsidies [2], with low 
technical level [3] and limited earnings. Therefore, studying the financial performance of listed 
wind power equipment manufacturing companies is helpful for internal and external investors 
to effectively evaluate their financial status and operating results, government departments to 
formulate relevant policies, operators to analyze the future development direction and 
formulate appropriate strategies, and other enterprises in the industry to learn from the 
development experience. 

At present, there are few researches on the financial performance of listed companies engaged 
in wind power equipment manufacturing in China. Some scholars have studied the financial 
performance of listed companies involved in new energy industry including wind power. The 
reference [4] introduced the new variables that link the type of renewable resource (solar, wind) 
with financial performance, which effectively explained the return on assets (ROA) and return 
on equity. Based on the regression analysis, the reference [5] studied the relationship between 
the growth of renewable energy and the financial performance of electric power companies 
using two estimation methods of fixed effect and random effect and Granger causality test. The 
reference [6] analysed the relationship between the subsidy mode of the new energy company 
and its financial performance. The results showed that both indirect subsidy and non-
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innovative subsidy had significant effects on the financial performance of renewable energy 
enterprises. The reference [7] studied the maintenance activities of wind farms in Spain in an 
attempt to find the economic optimal scheme from the commercial operation and maintenance 
of wind farms. The reference [8] assessed the impact of UK tariffs on household small wind 
power. The relationship between the financial performance of micro-generation wind power 
projects and the feed-in tariff effect in urban areas of The United Kingdom is analyzed. 

In addition, some scholars also used DEA model to study the new energy industry. The 
reference [9] applied a bootstrapped Data Envelopment Analysis (DEA) formulation aiming to 
evaluate the financial performance of the firms operating in the Greek renewable energy sector. 
The results showed that higher assets and lower liabilities have a positive effect on corporate 
financial performance. Based on the importance of evaluating energy projects, a renewable 
energy project evaluation method based on Data Envelopment Analysis (DEA) and interval-
valued intuitionistic fuzzy set (IVIFSs) fuzzy simulation was proposed in reference [10]. Based 
on the U.S. manufacturing industries’ eco-efficiency, considering renewable and nonrenewable 
energy use and economic output, the reference [11] developed data envelopment analysis (DEA) 
models, and proposed two benchmarking (eco-efficiency) measures, namely: renewability ratio 
(RR) and economic-output-induced renewability ratio (E-RR). Based on the data envelopment 
method, the reference [12] evaluated and analyzed the efficiency of 71 offshore wind farms in 
Northern Europe. It provides reference for offshore wind power benefit assessment from 
economy, environment, technology and other aspects. A two-stage method for comprehensive 
evaluation and structural optimization of renewable energy schemes is proposed in the 
reference [13]. After that, an example is given to prove that the model has a certain accuracy 
and can provide reference for the formulation of renewable energy strategies. In the reference 
[14], multiple indexes were selected, and the index system was established by combining DEA 
model. Finally, the validity of the model was proved by an example. The research [15] used the 
super-efficiency DEA model, and drawed the conclusion that in order to achieve maximum 
efficiency, the weight of social and environmental standards must be greater than that of 
ecological standards 

In addition, some scholars focus on wind power industrial policy. The reference [16] analyzed 
the advantages and disadvantages of Nordic offshore wind power systems and pointed out a 
series of related policy challenges. The reference [17] quantitatively analyzed the wind energy 
policies in China's provinces and assessed the impact of these policies on China's wind energy 
development. The research results showed that provincial wind energy policies have a positive 
impact on the growth of wind power installed capacity in various provinces. The reference [18] 
pointed out that different energy policies and regulatory frameworks in different countries lead 
to different economic and social outcomes. On this basis, they conducted a comparative study 
of wind energy policies in major countries in Europe, Asia, and the United States. Thus it can be 
seen that there are relatively few researches on the financial efficiency of listed wind power 
equipment manufacturing companies, and less quantifiable researches. 

The research in this article hopes to make the following contributions in practice and academic. 
Firstly, DEA model is used to construct the financial performance evaluation index system, so 
as to analyze the financial performance, input redundancy and output deficiency of wind power 
equipment manufacturing enterprises in the recent three years. Secondly, the sample 
companies are classified according to their performance based on effective clustering with 
Cluster Analysis. Finally, the paper puts forward some development suggestions on the existing 
problems. The research in this paper has enriched the quantitative analysis of the performance 
of wind power equipment manufacturing enterprises, and provided reference for wind power 
enterprises to improve financial performance and realize sustainable development. 

The research structure of this paper is organized as follows. Section 2 introduces the theories 
and methods used in this paper and explains the data sources. Section 3 draws the detailed 
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empirical analysis process and result, and carries on the comparative study. Section 4 expounds 
the conclusion and puts forward some pertinent suggestions according to the research 
conclusion. 

2. Methods and materials 

2.1. Data Envelopment Analysis (DEA) 

Data Envelopment Analysis (DEA) is a famous efficiency evaluation method, which was 
proposed in 1978 by famous American operational research scientists Charnes, Cooper and 
Rhodes. This method needs to select multiple input indexes and multiple output indexes, using 
linear programming and convex analysis to evaluate the relative efficiency of several decision 
units with the same type of input and output, and evaluating and analyzing the operation results 
to some extent [19]. Because it overcomes the disadvantages of the traditional single input yield 
per unit area analysis method, it is very popular in economics and management. In this paper, 
the BCC input-oriented model with variable scale return is used for analysis. 

This model assumes that the evaluation object has N decision making units (DMU). Each 
decision unit in DMUj (j=1,2,…,n) has m kinds of inputs and s kinds of outputs respectively. The 
corresponding input and output indicators are respectively Xj=(X1j,X2j,X3j,…,Xmj)T, 
Yj=(Y1j,Y2j,Y3j,…,YSJ)T. The model also introduces the relaxation variable Sj

-=(S1j
-,S2j

-,…,Smj
-), the 

remaining variables Sj
+=(S1j

+,S2j
+,…,Smj

+). Based on the CCR model, plusing the constraint 
∑ 𝜆𝑛
𝑗=1 j=1, the basic form of BCC model for evaluating j0th DMU is obtained. In the following BCC 

model formula, θ  represents the technical efficiency value of DMU, ε  takes an Archimedes 
positive infinitesimal here. λ1, λ2, λ3,…,λj are the decision variables. Xj0 and Yj0 respectively 
represent input and output index vectors of J0 th DMU.  
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Figure 1. Comparison diagram of effective frontier between BCC model and CCR model 
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Figure 1 shows the effective front face ratio of BCC model and CCR model. The straight line OFH 
and the curve ABD are the effective production fronts under CRR and BCC models respectively. 
For DMU whose output level is at point G, its comprehensive technical efficiency is 
SE(θ)=EF/EG, the pure technical efficiency is STE=EC/EG, and the scale efficiency is SE=EF/EC. 
It can be seen that (1) Comprehensive technical efficiency (SE) is equal to the product of pure 
technical efficiency (STE) and scale efficiency (SE); (2) When θ=1, DMU is effective, and its 
corresponding technology and scale of production activities are effective [20]. STE represents 
the distance between the enterprise under investigation and the effective frontier when the 
scale return is variable. SE=1 means that the evaluated enterprise is in the optimal position of 
scale, while less than 1 means that it is in the state of scale inefficiency; (3) For DMU on ABD, 
the effective frontier of BCC, segment AB is the stage of increasing return to scale (irs), segment 
BD is the stage of decreasing return to scale (drs). 

2.2. Cluster Analysis 

The basic idea of Cluster Analysis is to classify the samples [21]. Based on multiple indicators 
in the samples, the samples or indicators can be aggregated into different categories by 
analyzing the statistics that can measure the degree of similarity between the indicators [22,23]. 
In this paper, Ward method (sum of squares by deviation) in system Cluster Analysis is adopted, 
and square Euclidean distance is selected in the interval. In this method, each sample or index 
is regarded as an independent group at first, and then the number of groups is reduced by 
merging. At this time, the sum of squared deviation appears and increases gradually, then 
selecting the two groups that have the smallest increase in the sum of squared deviations and 
merging them, until all the samples or indicators are grouped together. The advantage of cluster 
analysis model is that it is intuitive and the conclusion form is concise. The model has been used 
in many fields. 

2.3. Dimensionless processing of data 

In economic management, dimensionless method is one of the steps of comprehensive 
evaluation. Since the statistical original indicators have data of different unit dimensions, it is 
impossible to obtain the required solution by directly substituting the data into the model. So 
it is necessary to conduct dimensionless processing of the original data. At present, the common 
dimensionless treatment methods mainly include extremization, standardization, meanization 
and standard deviation. In this study, the extremization method is used to normalize the 
original data. 

That is: 

𝑋𝑖
’ =

𝑋𝑖−𝑋𝑚𝑖𝑛

𝑋𝑚𝑎𝑥−𝑋𝑚 𝑖𝑛
                                                                       (3) 

In the formula above, 𝑋𝑖
’  is the normalized score of the ith listed company, 𝑋𝑖   is the raw data of 

the ith listed company before transformation, 𝑋𝑚𝑖𝑛  is the minimum of all 𝑋𝑖  values, 𝑋𝑚𝑎𝑥  is the 
maximum of all 𝑋𝑖  values, and i is the serial number of the evaluated listed company (i= 1,2..., 
15). 

3. Results and discussions 

3.1. Samples selection 

With the help of Sina Financial website, due to the limited number of listed companies of China's 
wind energy concept stocks and the main business of some listed companies isn't wind power 
equipment manufacturing, only 15 major companies were selected as the final research 
samples after excluding ST enterprises, and enterprises with incomplete data. In the process of 
application, in order to highlight variability and comparability, three consecutive years of data 
were selected for analysis. 
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3.2. Data Envelopment Analysis (DEA) 

3.2.1. Indicators selection 

DEA model has certain requirements for the selection of input and output indicators, and 
corresponding principles should be followed in the selection. Specific principles mainly include 
comprehensiveness, importance, weak correlation, conciseness and source reliability. In other 
words, the selection of indicators must be representative and reasonable for the evaluation of 
financial performance. According to the above selection principles, the input-output indicators 
selected in this paper are shown in Table 1. 

 

Table 1. Input-output indicators 
Input indicators (X) Output indicators (Y) 

Total assets (X1) Net profit (Y1) 
Main business cost (X2) Main business income (Y2) 

Total shareholder's equity (X3) Earnings per share (Y3) 

 

Here, the research chose total assets, main business cost and total shareholder's equity as input 
indicators. 

(1) Total assets 

Total assets refer to all assets owned or controlled by an enterprise that can bring economic 
benefits. That is, the resources that an enterprise can utilize and profit from. The change of total 
assets belongs to the change of development ability, and also reflects the enterprise's allocation 
of resources. Therefore, the rationality of total asset allocation will affect the utilization 
efficiency of assets, that is, the profitability of enterprises. 

(2) Main business cost 

Main business cost refers to the cost generated in the regular activities of the enterprise, such 
as selling goods or providing services, which reflects the input necessary for the enterprise to 
maintain normal operation. This index is closely related to the profit level of the enterprise. 
Only by controlling the cost of the enterprise can the profit space be expanded. In addition, this 
index belongs to the operating capacity index of an enterprise, which can reflect the daily 
operating capacity of the enterprise. Corresponding to the main business income in the output 
index, it jointly reflects the efficiency of asset input and measures the profitability. 

(3) Total shareholder's equity 

Total shareholder's equity, also known as net assets, is the remainder of the total assets of an 
enterprise after deducting liabilities. This index reflects the input of shareholders or owners, 
that is, the enterprise's own capital. To a certain extent, the total shareholders' equity can 
reflect the strength of the enterprise and whether it has enough self-owned capital to make 
profits. 

The study selected three indicators of net profit, main business income and earnings per share 
as output indicators. 

(1) Net profit 

Net profit is the final operating result of the enterprise, namely the part after total profit deducts 
income tax. This index can be the most direct and clear measure of the enterprise's operating 
conditions, so it is chosen as one of the indicators of output capacity. 

(2) Main business income 

Main business income refers to the income obtained in the daily business activities of an 
enterprise, such as the sales income of goods in the retail industry. This index reflects the 
profitability and development ability of the main business. The improvement of the main 
business income is often the most important driving force for the growth of the enterprise's 
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profit, which is in line with the cost of the main business, and reflects the profit level of the 
enterprise. 

(3) Earnings per share 

Earnings per share refers to the ratio of after-tax profits and share capital, which reflects the 
net profits or net losses that ordinary shareholders should enjoy, namely the operating results 
of their own capital, corresponding to the total amount of shareholders' equity. This index is 
often used to measure the profitability of enterprises, and it is also an important index for 
investors to consider when they invest. 

3.2.2. Empirical results 

In this paper, the DEA model is used to effectively process the financial data of the selected 15 
listed companies engaged in equipment manufacturing in the wind power industry. In the 
process of application, in order to highlight variability and comparability, three consecutive 
years of data are selected for analysis, and the following results are obtained. 

 

Table 2. Calculation results of financial efficiency DEA for the period of 2017-2019 

 Decision making units(DMU) 
The comprehensive technical 

efficiency 
The pure technical 

efficiency 
The scale efficiency 

2017 2018 2019 2017 2018 2019 2017 2018 2019 

1 
Xinjiang Goldwind 

Science&Technology Co.,Ltd. 
1.000 0.990 0.938 1.000 1.000 1.000 

1.000 
- 

0.990  
drs 

0.938  
drs 

2 
MingYang Smart Energy Group 

Limited 
0.873 0.922 0.922 0.879 0.998 1.000 

0.994  
drs 

0.924  
drs 

0.922  
drs 

3 Jinlei Technology Co.,Ltd. 0.159 0.830 0.723 1.000 0.951 1.000 
0.159  

drs 
0.873  

drs 
0.723  

drs 

4 Titan Wind Energy (Suzhou) Co.,Ltd. 0.889 0.888 1.000 0.953 0.918 1.000 
0.933  

drs 
0.968  

drs 
1.000  - 

5 Zhejiang Windey Co.,Ltd. 1.000 1.000 1.000 1.000 1.000 1.000 1.000  - 1.000  - 1.000  - 

6 
Xiangtan Electric Manufacturing 

Co.,Ltd. 
0.929 0.791 0.795 1.000 0.799 0.795 

0.929  
drs 

0.990  
drs 

1.000  - 

7 
Shanghai Taisheng Wind Power 

Equipment Co.,Ltd. 
0.959 0.863 0.923 1.000 0.863 0.932 

0.959  
drs 

1.000  - 1.000  - 

8 
Jiangsu Tongda Power Technology 

Co.,Ltd. 
1.000 1.000 1.000 1.000 1.000 1.000 1.000  - 1.000  - 1.000  - 

9 
Shandong Shuangyi Technology 

Co.,Ltd. 
1.000 1.000 1.000 1.000 1.000 1.000 1.000  - 1.000  - 1.000  - 

1
0 

Dongfang Electric Corporation Limited 0.920 0.919 0.959 1.000 1.000 1.000 
0.920  

drs 
0.919  

drs 
0.959  

drs 
1
1 

Cecep Wind-power Corporation 0.581 0.719 0.591 0.827 0.837 0.880 
0.703  

drs 
0.858  

drs 
0.671  

drs 
1
2 

Jiangsu New Energy Development 
Co.,Ltd. 

0.717 0.706 0.499 1.000 1.000 0.662 
0.717  

drs 
0.706  

drs 
0.754  

drs 
1
3 

Alliance New Energy Group Co. Ltd. 0.377 1.000 1.000 0.434 1.000 1.000 
0.867  

drs 
1.000  - 1.000  - 

1
4 

Huadian Fuxin Energy Co. Ltd. 1.000 1.000 1.000 1.000 1.000 1.000 1.000  - 1.000  - 1.000  - 

1
5 

Qingdao Tianneng Heavy Industries 
Co.,Ltd. 

0.390 0.931 0.976 0.390 0.931 1.000 
0.998  

irs 
1.000  - 

0.976  
drs 

 Average 0.786 0.904 0.910 0.899 0.953 0.964 0.879 0.948 0.944 

 

According to DEA calculation results, on the whole, only Zhejiang Windey Co.,Ltd., Jiangsu 
Tongda Power Technology Co.,Ltd., Shandong Shuangyi Technology Co.,Ltd.and Huadian Fuxin 
Energy Co. Ltd., four listed companies, have been in the effective production frontier for 3 years. 
The mean value of comprehensive technical efficiency of the overall data in the 3 years presents 
an upward trend, but the potential for improvement is still large. At the same time, it can be 
found that the gap between enterprises at the same time is large, and the gap between 
enterprises at different times is also large. This paper will be from the comprehensive technical 
efficiency analysis, pure technical efficiency analysis and scale efficiency analysis three aspects. 
Then projection analysis is carried out to put forward the improvement direction from the 
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angle of input redundancy and output deficiency. Finally, Cluster Analysis is carried out to 
provide further development suggestions for different categories. 

(1) Comprehensive technical efficiency analysis 

The comprehensive technical efficiency is a comprehensive evaluation of the decision unit in 
terms of resource allocation and technical input. It is expressed as the ratio of the actual output 
to the maximum production capacity and consists of pure technical efficiency and scale 
efficiency. When the comprehensive technical efficiency value is 1, it shows that the decision 
unit is effective. When the comprehensive technical efficiency value is less than 1, it indicates 
that the decision unit does not reach the optimal state. At this point, the pure technical efficiency 
and scale efficiency should be analyzed in detail so as to find the further improvement direction. 
The average comprehensive technical efficiency of 15 listed companies for three consecutive 
years calculated by DEA model is shown in Figure 2. 

 

 
Figure 2. Average value variation chart of comprehensive technical efficiency from 2017 to 

2019 

 

It can be seen from Figure 2 that the average value of comprehensive technical efficiency from 
2017 to 2019 is generally at an increasing level, indicating that the industry develops well and 
presents a trend of optimization year by year. As can be seen from Table 2, the enterprises with 
an average annual comprehensive technical efficiency of 1 are Zhejiang Windey Co.,Ltd., Jiangsu 
Tongda Power Technology Co.,Ltd., Shandong Shuangyi Technology Co.,Ltd. and Huadian Fuxin 
Energy Co. Ltd., accounting for 26.67% of the total number of decision making units. In other 
words, these four enterprises achieve the optimal resource utilization in terms of scale and 
technology, while the rest enterprises are non-DEA enterprises. These four enterprises are 
enterprises with long development time and rich development experience in the industry. In 
addition, although some of the selected enterprises fail to reach the standard of comprehensive 
technical efficiency of 1 in 3 years, they are also in the stage of rapid development from the 
perspective of operation results and actual situation. For example, Xinjiang Goldwind 
Science&Technology Co., Ltd., MingYang Smart Energy Group Limited, Titan Wind Energy 
(Suzhou) Co.,Ltd., etc., their comprehensive technical efficiency is in a state of steady rise within 
three years. In addition, the large horizontal gap between enterprises in the industry is an 
obvious feature reflected in the calculation results, such as Cecep Wind-power Corporation, 
Alliance New Energy Group Co. Ltd., Qingdao Tianneng Heavy Industries Co.,Ltd. and other 
enterprises. The overall efficiency of these enterprises is low at the early stage, but now it has 
been improved. Although their input-output efficiency is low, there is great potential for 
improving efficiency. 

In general, the three-year average of comprehensive technical efficiency of the 15 decision 
making units is 0.87, indicating that in terms of financial efficiency, nearly 13% of the input 
factors have not achieved effective output, resulting in waste. Through further analysis, it can 
be seen that in the invalid enterprises with DEA, low scale efficiency is often the main reason 
leading to poor comprehensive technical efficiency, which needs to be paid attention to by the 
majority of enterprises in the industry to achieve the optimal state. 

0.786

0.904 0.91

2017 2018 2019

The average of comprehensive technical efficiency
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(2) Pure technical efficiency analysis 

In order to further analyze the reason why the comprehensive efficiency is less than 1, it is 
divided into pure technical efficiency and scale efficiency to examine the financial performance 
of enterprises. Pure technical efficiency reflects the non-economies of scale caused by the 
different mechanism of operation and management level and technology level. It can be seen 
from Table 2 that the pure technical efficiency of six enterprises, including Xinjiang Goldwind 
Science & Technology Co.,Ltd., Zhejiang Windey Co., Ltd. and Jiangsu Tongda Power Technology 
Co.,Ltd., has been 1 for three consecutive years, accounting for 40% of the total number of 
decision making units. The results show that less than half of the enterprises in the decision 
making units can effectively ensure the output efficiency for three consecutive years with their 
technical and management level. This indicates that the investment of these enterprises in 
technology research and development is effective, that is, the technology level and equipment 
advanced degree of enterprises in China's wind power industry are at a development level. In 
addition, for example, the pure technical efficiency of six enterprises, such as MingYang Smart 
Energy Group Limited, Titan Wind Energy (Suzhou) Co., Ltd. and Cecep Wind-power 
Corporation, shows a trend of steady increase year by year in the recent three years, indicating 
the deficiencies in the continuous improvement of technology and management of these 
enterprises. However, the pure technical efficiency of a few enterprises is declining, such as 
Xiangtan Electric Manufacturing Co.,Ltd., Shanghai Taisheng Wind Power Equipment Co.,Ltd. 
and Jiangsu New Energy Development Co., Ltd.. It indicates that some enterprises in the 
industry still need to increase investment in scientific research, introduce advanced technology 
and equipment, and improve their management level with the development of technology, so 
as to further improve the efficiency of input and output, and thus maintain market share and 
occupy a favorable position. 

(3) Scale efficiency analysis 

Scale efficiency reflects the effective degree of enterprise production scale, which can be 
divided into three kinds: increasing, invariable and decreasing. The increasing scale efficiency 
indicates that the increase of the output level of an enterprise is higher than the increase of the 
input factors, that is, the expansion of production scale reduces the average cost. The invariable 
scale efficiency indicates that the production scale has reached the optimal state, both of which 
are economies of scale. As can be seen from Table 2, in 2017, there are 9 enterprises in the state 
of diseconomies of scale with low scale efficiency. In 2018 and 2019, there are 8 and 7 
enterprises in the state of diseconomies of scale, the number decreased, and the scale efficiency 
value increased, indicating that the industrial scale gradually realized the optimal. But most 
enterprises are still in the state of decreasing scale efficiency, which should be paid attention 
to. The average scale efficiency from 2017 to 2019 is 0.92, indicating that the overall average 
scale of the wind power industry is effective. However, many enterprises are still in the state of 
diseconomies of scale, and almost all show the trend of diminishing returns to scale, such as 
Jinlei Technology Co.,Ltd., Cecep Wind-power Corporation, etc. It indicates that these 
enterprises should not continue to blindly expand the scale, but should make full and 
reasonable use of the existing production factor resources to improve the scale efficiency value. 

From the above analysis and Figure 3, it can be seen that the pure technical efficiency of China's 
wind power equipment manufacturing enterprises is 0.94, which is better than the scale 
efficiency of 0.92. From 2017 to 2019, the number of enterprises with the best pure technical 
efficiency is basically higher than the number of enterprises with the best scale efficiency. 
Therefore, the main reason for the low comprehensive technical efficiency of wind power 
enterprises is the poor scale efficiency. It shows that enterprises should pay attention to the 
control of scale while investing a lot in scientific research and management. They should adjust 
and plan the scale based on their actual situation, rather than blindly expanding, which results 
in the mismatch between the enterprise scale and the input and output. At the same time, it can 



Volume 2 Issue 9, 2021 

DOI: 10.6981/FEM.202109_2(9).0022 

167 

Frontiers in Economics and Management 

ISSN: 2692-7608 

also be seen that such an unbalanced state has been improved year by year, and the number of 
enterprises with poor scale efficiency has been decreasing year by year, indicating that 
enterprises have gradually realized the low efficiency caused by the poor scale. But the number 
of enterprises whose scale efficiency does not reach the optimal level is still too large, which 
still needs to be improved in the following development. In addition, some enterprises also have 
some problems in pure technical efficiency, which can be further optimized and improved to 
achieve the improvement of comprehensive technical efficiency. 

 

 
Figure 3. Optimal number change table of scale efficiency and pure technical efficiency from 

2017 to 2019 

 

(4) Projection analysis  

Projection analysis is aimed at enterprises with invalid DEA to analyze their input redundancy 
and output deficiency. Through projection analysis, the use efficiency of enterprise resources 
and operation efficiency can be intuitively understood, and effective suggestions can be 
provided for enterprises in the following development. Table 3 selects the main DEA invalid 
enterprises among 15 enterprises for analysis. 

 

Table 3. Summary of 2017-2019 input redundancy and output deficiency of enterprises with 
invalid DEA 

Number The name of the company 
Input index redundancy 

rate (%) 
Output index deficiency rate 

(%) 

𝑆1
−/𝑋1  𝑆2

−/𝑋2 𝑆3
−/𝑋3 𝑆1

+/𝑌1 𝑆2
+/𝑌2 𝑆3

+/𝑌3 
2 MingYang Smart Energy Group Limited 3.14 3.03 3.47 3.98 0 9.18 
3 Jinlei Technology Co.,Ltd. 0 0 1.05 0 0 6.49 

4 Titan Wind Energy (Suzhou) Co.,Ltd. 4.3 3.91 6.23 0 0.92 31.61 
6 Xiangtan Electric Manufacturing Co.,Ltd. 12.5 11.19 9.41 0 0 0 
7 Shanghai Taisheng Wind Power Equipment Co.,Ltd. 7.25 7.14 6.67 4.54 0 28.87 

11 Cecep Wind-power Corporation 15.15 15.38 15.13 0 10.2 38.33 
12 Jiangsu New Energy Development Co.,Ltd. 11.35 8.93 11.68 0 0 9.23 
13 Alliance New Energy Group Co. Ltd. 15.18 8.05 20 0 0 0 

15 Qingdao Tianneng Heavy Industries Co.,Ltd. 12.16 8.64 39.8 1.35 0 20 

Note: 𝑆𝑖
−  represents the three-year average redundancy value of the input index of item 

i; 𝑋𝑖 represents the three-year average of the ith input indicator; 𝑆𝑖
+represents the three-year 

average deficiency of the output index of item i; 𝑌𝑖 is the three-year average of the ith output 
index. 

On the whole, DEA invalid enterprises generally have large input redundancy, and there is a big 
gap between enterprises, among which enterprises such as Cecep Wind-power Corporation and 
Jiangsu New Energy Development Co.,Ltd. have particularly serious input redundancy. The 
main problems in investment are as follows: firstly, the unreasonable allocation of assets. The 
assets cannot be fully utilized, resulting in low efficiency. Enterprises should pay attention to 
the management level and rationally allocate assets. Secondly, the cost input is relatively large, 
which is reflected in the higher production cost, the higher management cost and the higher 
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salary amount of employees, resulting in the non-matching of input and output, and the smaller 
profit space. Enterprises should change the concept of focusing on input rather than output, 
and control the cost to improve the profit space. In terms of output, enterprises with invalid 
DEA generally show insufficient earnings per share, which indicates that enterprises cannot 
make rational and efficient use of capital to realize value-added. Take Alliance New Energy 
Group Co. Ltd. as an example. From 2017 to 2019, all inputs are redundant, and the degree of 
redundancy in the total shareholder's equity is the highest among the input factors. It shows 
that there is a surplus of input resources, but almost no output is insufficient, which shows that 
the effective output of Alliance New Energy Group Co. Ltd. can be guaranteed, but the input 
resources need to be further streamlined. 

To sum up, the main problems of wind power equipment manufacturing enterprises at present 
are unreasonable resource allocation, non-effective cost control and low profitability. 

3.3. Cluster Analysis 

3.3.1. Indicators selection 

Cluster Analysis effectively classifies samples to reveal the differences between different 
categories and the similarities between enterprises of the same category. The study uses SPSS 
software to effectively classify the selected 15 enterprises, so as to provide reference for the 
further development of similar enterprises. 

3.3.2. Empirical results 

According to the Cluster Analysis method, Figure 4 below is the Cluster Analysis diagram of 15 
enterprises. 

 

Table 4. Cluster Analysis results of listed companies in wind power equipment manufacturing 
industry 

Category The name of the company 

Category 1 (optimal) 

Xinjiang Goldwind Science&Technology Co.,Ltd., 
Zhejiang Windey Co.,Ltd., 

Jiangsu Tongda Power Technology Co.,Ltd., 
Shandong Shuangyi Technology Co.,Ltd., 

Huadian Fuxin Energy Co. Ltd. 

Category 2 (Suboptimal) 

MingYang Smart Energy Group Limited, 
Titan Wind Energy (Suzhou) Co.,Ltd., 

Shanghai Taisheng Wind Power Equipment Co., Ltd., 
Dongfang Electric Corporation Limited 

Category 3 (General) 
Xiangtan Electric Manufacturing Co.,Ltd., 

Alliance New Energy Group Co. Ltd., 
Qingdao Tianneng Heavy Industries Co.,Ltd. 

Category 4 (Poor) 
Jinlei Technology Co.,Ltd., 

Cecep Wind-power Corporation, 
Jiangsu New Energy Development Co., Ltd. 

 

Combined with Table 2, Table 3 and Table 4, it can be seen that the financial efficiency of most 
wind power equipment manufacturing listed companies in China is at a high level, and only a 
few companies are inefficient, but they also show a trend of improvement year by year. 
According to the Cluster Analysis results, Xinjiang Goldwind Science&Technology Co.,Ltd., 
Zhejiang Windey Co.,Ltd., Jiangsu Tongda Power Technology Co.,Ltd., Shandong Shuangyi 
Technology Co.,Ltd. and Huadian Fuxin Energy Co. Ltd. have the best performance in recent 
three years, and their comprehensive technical efficiency has been close to the effective 
production front for three consecutive years. It indicates that their technology and management 
level have been optimized and matured in the industry. Especially, Xinjiang Goldwind 
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Science&Technology Co.,Ltd has taken a leading position in the field of wind power equipment 
manufacturing. In addition, these enterprises also achieve the optimal state in terms of scale, 
high input and output efficiency, and stable subsequent development.  

The second category of enterprises includes MingYang Smart Energy Group Limited, Titan 
Wind Energy (Suzhou) Co.,Ltd., Shanghai Taisheng Wind Power Equipment Co.,Ltd., Dongfang 
Electric Corporation Limited. The average of their comprehensive technical efficiency in three 
years is between 0.9 and 1. This indicates that, on the whole, these enterprises are close to the 
optimal state, but there is still a gap. In particular, the relatively low scale efficiency of these 
enterprises is the main reason why their comprehensive technical efficiency does not reach the 
optimal state. In the following development, such enterprises should focus on the streamlining 
and adjustment of scale to achieve the optimal state. 

The third category is made up of Xiangtan Electric Manufacturing Co.,Ltd., Alliance New Energy 
Group Co. Ltd. Qingdao Tianneng Heavy Industries Co., Ltd.. The comprehensive technical 
efficiency value of this category is between 0.75 and 0.85, which is generally low. The pure 
technical efficiency of these three enterprises is generally low, which is the main reason for 
lowering the comprehensive technical efficiency, indicating that there are many deficiencies in 
technical investment and management, and the core competitiveness is low. These three 
companies all have redundant input factors. It can be seen that their resource use efficiency is 
low and resources have not been invested in the field of technology research and development. 
Therefore, enterprises should pay attention to them, especially in terms of the total investment 
of shareholders' equity.  

The financial efficiency at the end of the selected companies are Jinlei Technology Co.,Ltd., 
Cecep Wind-power Corporation and Jiangsu New Energy Development Co., Ltd.. The 
comprehensive technical efficiency value is below 0.7, and the overall efficiency is low. The 
common characteristic of these three enterprises is that both pure technical efficiency and scale 
efficiency are very low, but the main reason for the low comprehensive efficiency is that scale 
efficiency is not good. For this category, enterprises should strengthen technology and 
management investment in research and development, reduce costs through technological 
progress, expand profit space, and improve the utilization efficiency of resources. At the same 
time, enterprises should simplify the scale and avoid blind scale expansion. At present, the 
research and development expenses of the three enterprises have all increased, indicating that 
they have realized the low level of technology and made optimization, but the research and 
development investment is still insufficient. Take Cecep Wind-power Corporation as an 
example, R&D investment increased from 1.6 million in 2018 to 4.1 million in 2019. Xinjiang 
Goldwind Science&Technology Co.,Ltd., a well-developed company in the industry, spent 1 
billion on R&D in 2018. In comparison, R&D expenditure on Cecep Wind-power Corporation is 
a drop in the bucket. Therefore, the research and development should be intensified to improve 
the pure technical efficiency and finally achieve the optimal state. 

4. Conclusions and suggestions 

Through data analysis, the following conclusions can be drawn in this paper: 

(1) In general, the comprehensive technical efficiency average of the selected wind power 
equipment manufacturing enterprises is on the trend of increasing year by year, rising from 
0.78 in 2017 to 0.91 in 2019, indicating that the wind power industrial structure is gradually 
optimizing and the input-output efficiency is gradually improving. This is closely related to the 
efforts of the government and wind power enterprises over the years. At the same time, it 
should be noted that the comprehensive technical efficiency of enterprises in the early stage is 
quite different from each other. Although it is shrinking year by year in recent years, some 
enterprises' comprehensive technical efficiency is still lower than the average level. These 
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enterprises should actively absorb the development experience of other enterprises and strive 
to realize the optimal efficiency of the whole industry as soon as possible. 

(2) Chinese wind power equipment manufacturing enterprises pay more and more attention to 
the investment of scientific research and technology and the creation of achievements. Almost 
all the selected enterprises invest a lot of resources in research and development. The average 
pure technical efficiency in the three years from 2017 to 2019 has been improved year by year, 
indicating that the wind power industry as a whole attaches great importance to R&D. However, 
it should be noted that almost half of the enterprises are still not fully optimized in terms of 
pure technical efficiency, which is greatly related to the immaturity of core fan manufacturing 
technologies. Enterprises tend to pay more attention to profitability rather than the depth of 
technology research and development. Therefore, even with a large amount of resource 
investment, it is often difficult to achieve the optimization of key technologies. 

(3) Through data analysis, it can be found that the main reason for low comprehensive technical 
efficiency is low scale efficiency. In 2019, nearly 47% enterprises' production scale is not in the 
optimal position. In addition, in the three years from 2017 to 2019, most enterprises are in a 
state of decreasing scale efficiency, indicating that blind expansion and scale mismatch between 
enterprises and market demand have occurred at this stage. The decline of scale efficiency will 
lead to the decline of profit level, which needs to be paid attention to. From the data, the scale 
efficiency is also in the trend of slight decline year by year, indicating that the industry scale is 
being continuously optimized, which should still be paid attention to in the future development. 

(4) The cost of most enterprises is too high, the profit level is difficult to improve, the asset 
allocation is unreasonable, and the input-output is seriously mismatched. This is related to the 
high manufacturing cost, employee compensation and management expense of the enterprise. 
The enterprise should pay attention to the cost compression and the effective allocation of 
resources, so as to enhance the profit space. 

This paper proposes the following suggestions: 

(1) Enterprises should actively innovate. At present, product prices in the wind power market 
have stabilized, and enterprises need to increase R&D investment in core technologies rather 
than stop at the learning of common technologies. In addition, enterprises should not only focus 
on homogeneous product research and development, but should put forward new ideas in 
terms of product types and performance and put them into practice. In this way, the product 
price decline in order to broaden the profit space. 

(2) Enterprises should learn more from experience. Many enterprises in the industry are in 
good condition, such as Xinjiang Goldwind Science&Technology Co.,Ltd. and Shandong 
Shuangyi Technology Co.,Ltd.. Other enterprises can conduct research and study on high-
quality enterprises to gain experience and knowledge. Of course, the most important thing is to 
pay attention to the combination of their own conditions, tailored to the local development to 
achieve the ultimate goal. 

(3) Enterprises should properly control the scale. At present, the trend of blind expansion is 
prevalent in the industry, leading to the uneconomical scale of most enterprises, and the growth 
range of cost is much higher than the growth of input. Enterprises should pay ate  ntion to the 
current environment and policy changes, and expand appropriately to match their own 
circumstances. At present, the profit level of product production and sales links tends to be 
stable. Enterprises should take the industrial chain as the guide, extend the upstream and 
downstream, and gain new profit growth, especially the research and practice of the energy 
storage part. 

(4) Enterprises can introduce activity-based cost, standard cost and other management 
accounting ideas and methods to effectively reduce costs and expand profit space. At present, 
the investment, construction and maintenance costs of wind power industry are still relatively 
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high, and effective cost control is the key to win. Controlling cost is also an important content 
and performance of improving efficiency. How to achieve the maximum output with the least 
resources is worth thinking deeply by wind power equipment manufacturers. 
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