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Abstract 

In recent years, the development of new energy vehicles has promoted the rapid growth 
of the energy storage battery market. This paper takes 25 listed battery storage 
companies in China from 2018 to 2020 as the research object, uses the data envelopment 
method DEA to evaluate their financial performance, and the cluster analysis method to 
divide the battery production listed companies into four categories to help investors to 
make in-depth understanding of the battery industry and make accurate investment 
decisions. 
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1. Introduction 

As one of the three core components of new energy vehicles, the energy storage battery has 
high technical complexity and high cost, which brings huge benefits in its rapid development 
process. As a good carrier, it has become a key factor for the large-scale popularization of new 
energy vehicle industry to a certain extent. In 2018, after the State issued the Guiding Opinions 
on Promoting the Development of Energy Storage Technology and Industry, more than 13 
provinces and regions have successively launched relevant energy storage policies based on 
their actual conditions, stimulating the market vitality of the energy storage industry. 

As manufacturers of high-capacity and low-cost energy storage batteries, domestic listed 
battery storage companies represent the development level of China's energy storage field and 
contribute to the development of global clean energy. Since the cost of energy storage batteries 
is the key factor for the company's profit, and the energy storage batteries are updated quickly, 
China is gradually standardizing the energy storage battery products, and the energy storage 
battery market is facing fierce competition. Effectively analyze and evaluate the financial 
operation efficiency of battery energy storage listed companies based on the financial reports 
of battery energy storage companies, which will help financial report users to have a further 
understanding of the company's operation and help managers to propose improvement 
methods for the problems existing in the company. At the same time, the internal management 
level of the enterprise can be improved to adapt to the pressure brought by the external market 
environment change on the development of the company, which provides a research 
perspective for the development of China's energy storage battery industry. 

Since the establishment of scientific management theory, enterprise financial performance 
capability evaluation has become one of the hot topics in the field of economic management. 
Alexander Wall [1] (1928) was a pioneer of comprehensive financial assessment, he combined 
seven financial ratios with a linear relationship to assess a company's financial 
creditworthiness. On the basis of Wall scoring method, scholars put forward a comprehensive 
scoring method, which allocates the profitability, solvency and growth capacity of the financial 
situation in a ratio of 5:3:2. Since 1990, with the increasing enrichment and perfection of 
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financial evaluation indexes and comprehensive evaluation methods, foreign research on 
enterprise financial evaluation has been developing rapidly. In 2003, Hobbs. Benjamin F [2] 
preliminarily studied the method of multi-indicator evaluation. Based on various types of 
studies abroad, domestic researchers also began to study and analyze financial evaluation 
issues. 

Wang Lei [3] (2000), Weihua Hu combined analytic hierarchy process and fuzzy comprehensive 
evaluation method to conduct financial evaluation of listed companies. Rongfang Shen and Yi 
Zhang [4] (2004) used data envelopment analysis (DEA) to construct an evaluation model, and 
studied the financial situation of 50 listed companies with examples.  Qiang Chen et al. [5] (2007) 
used principal component analysis and cluster analysis to evaluate the financial performance 
of enterprises by using financial indicators representing operating capacity, development 
capacity, profitability and solvency. Xuesong Gu [6] (2009), based on entropy weight TOPSIS, 
constructed a financial evaluation index model to analyze and evaluate the financial 
performance of enterprises by using the four indexes of operation ability, development ability, 
profitability and solvency. Xuhua Liu [7] (2008) studied a large number of financial indicators 
of listed companies and adopted partial least squares (PLS) path analysis method to build a 
comprehensive evaluation system. Jianhua Wang et al. [8] (2009) evaluated the overall financial 
performance of domestic listed companies by using listed companies in Henan Province as the 
research object on the basis of Wall's proportion score. Zhenfen Guo [9] (2018) used the PCA-
DEA model to study the listed logistics enterprises, repeatedly screened the evaluation 
indicators of such enterprises with the principal component analysis method, and then 
reprocessed the data through the data envelopment analysis method to calculate whether each 
index could affect the operating efficiency of enterprises to evaluate the financial performance 
of enterprises. 

A comprehensive review of the development of financial performance evaluation systems and 
evaluation methods at home and abroad has gradually formed a relatively perfect and highly 
applied evaluation system that integrates profitability, development ability, operation ability 
and debt paying ability. This paper comprehensively evaluates the operation of the company 
from the aspects of profitability, debt paying ability, operation ability and growth potential, and 
expands and establishes a financial performance evaluation system in line with the research 
object in this paper on the basis of the data envelopment method (DEA). Through the 
comparison between horizontal and vertical companies and understand the market 
development dynamics, investors can adjust strategic decisions according to the company 
situation. Considering the impact of internal and external factors on the operation of the 
company is helpful to understand the development state of domestic battery energy storage, 
which has a certain theoretical significance. 

 

Table 1. List of 25 Battery Production Listed Companies 
Serial Security Code Abbreviation of securities Serial Security Code Abbreviation of securities 

1 000049 DESAY BATTERY 14 300593 BEIJING RELPOW TECHNOLOGY 
2 002074 GOTION 15 300693 SINEXCEL ELECTRIC 
3 002227 ATC 16 300713 INCREASE 
4 002364 ZHONGHENG ELECTRIC 17 300750 CATL 
5 002518 KSTAR 18 600241 SDWH 
6 002580 SACRED SUN 19 600405 DPC 
7 002733 VISION GROUP 20 600525 CYG 
8 300014 EVE 21 600847 WANLI NEW ENERGY 
9 300068 NARADA 22 600884 NBSS 

10 300153 COOLTECH POWER 23 603799 HUAYOW COBALT 
11 300376 EAST GROUP 24 000839 CITIC GUOAN ZNTO 
12 300393 JOLYWOOD 25 002684 MSKJ 
13 300491 TONHE TECH    
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2. Sample selection and index system construction 

2.1. Sample selection 

According to the industry classification benchmark of Shenwan Industry Classification 
Standards, representative listed companies with power production equipment within their 
main business scope are selected as the sample enterprises of this paper for research. The 
research time interval is from 2018 to 2020. The selected listed companies are shown in Table 
1. 

Since Lion Technology did not disclose the return rate on net assets in 2020, the final sample is 
24 listed companies. 

2.2. Introduction of DEA 

Data Envelopment Analysis (DEA) was proposed by A. Barnes and W.W.Cooper, which selects 
input and output indexes to build a linear programming model to evaluate the effectiveness of 
the same type of Decision Making Unit (DMU) with certain comparability. The data 
envelopment method mainly includes two standard models, CCR and BCC. The difference 
between the two models lies in that the CCR model assumes that the scale efficiency is fixed, 
and only the technical efficiency value reflects whether the input-output level of the decision-
making unit is at the effective frontier. In the BCC model, it is assumed that the scale efficiency 
is variable, and the technical efficiency value is the product of pure technical efficiency and scale 
efficiency. 

BCC model is adopted in this paper, which is constructed as shown in (3-1): 
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In this model, there are m decision making units, each of which contains one input variables 
and three output variables. Θ denotes the technical efficiency value of the decision unit, and ε 
is taken as an Archimedes infinitesimal. λ represents the weight ratio of a decision unit. U and 
v represent the u input index and the v output index of the decision-making unit respectively. 
SU

- and SV
+ respectively represent the redundancy of the U input index and the deficiency of the 

V output index. 

When θ= 1 and S+=S-=0, it represents that the DEA of the current decision making unit is valid. 
When θ= 1, S+, S- either one or neither of them are 0, it indicates that the DEA of the current 
decision making unit is weakly effective. When θ<1, it indicates that the current decision unit 
is invalid DEA. 

Based on the characteristics of BCC model, there are several explanations for the calculated 
technical efficiency value as follows: 

(1) When the technical efficiency value is 1, it indicates that the DEA of the decision making unit 
is effective; 

(2) When the technical efficiency value is less than 1, the pure technical efficiency value is 1, 
which indicates that the DEA of the decision making unit is invalid because the scale does not 
meet the requirements; 
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(3) When the technical efficiency value is less than 1, the scale efficiency value is 1, which 
indicates that the reason for the invalidity of the DEA of the decision making unit is that the 
management level does not meet the expectation; 

(4) When the technical efficiency value is less than 1, both the pure technical efficiency and the 
scale efficiency are less than 1, which indicates that the reason for the invalidity of the DEA of 
the decision making unit is that both the scale and management fail to meet the expectations. 

2.3. Decision making unit (DMU) and input and output index selection 

The Rules for Enterprise Performance Evaluation (Amendment) requires that the performance 
evaluation of non-financial companies should be carried out from four dimensions: solvency, 
operating capacity, profitability and development capacity. Based on this, this paper selects 8 
indicators and uses the BCC model of data envelopment analysis to obtain the comprehensive 
technical efficiency, pure technical efficiency, scale efficiency, and the increase and decrease of 
return to scale of battery production listed companies from 2018 to 2020, as well as the 
projection analysis in 2018. 

 

Table 2. This paper selects input and output indexes 
Input indexes Name of index Symbol Output indexes Name of index Symbol 

Operating 
capacity 

Accounts receivable 
turnover rate 

X1 
Growth capacity 

Main business income 
growth rate 

Y1 
Inventory turnover rate X2 

Debt paying 
ability 

Asset-liability ratio X3 
Profitability 

Net asset return rate Y2 
Liquidity ratio X4 

Quick ratio X5 Operating margin Y3 

 

In the input index, inventory turnover reflects the liquidity of inventory and whether the 
circulating capital of inventory is reasonable. Accounts receivable turnover is a measure of the 
average number of days from the beginning of sales to cash recovery and the index of 
management efficiency. Current liability ratio measures the listed company's ability to use the 
funds provided by creditors to carry out production and business activities. The current ratio 
is used to measure the ability of the listed company's current assets to be turned into cash for 
repayment of debts before the short-term debt matures. Quick ratio is a measure of the current 
assets of the enterprise can be immediately turned into cash for the repayment of current 
liabilities. 

Among the output indicators, the growth rate of main business income is the main 
comprehensive index reflecting the growth ability of listed companies. The rate of return on net 
assets is an indicator that reflects the size of the return on investment received by the owner of 
an enterprise. Operating profit margin can comprehensively reflect the operating efficiency of 
an enterprise or an industry. 

3. Empirical analysis of the financial performance of China's listed battery 
energy storage companies based on DEA model 

3.1. Dimensionless original data 

In DEA analysis, because the original indicators of input and output have different dimensions 
and there is a large difference between different indicators due to industry differences in the 
actual financial situation, the direct use of the original financial indicators may lead to a large 
error difference in the model results. Because the raw data of output indicators will inevitably 
appear negative numbers, such as operating profit margin, main business revenue growth rate. 
However, the input and output index data of the data envelopment model must be non-negative, 
so the original data of the index must be processed, and the influence relationship of the data 
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and the original attribute of the data should not be changed. Therefore, this paper chooses the 
dimensionless method to process the index. This method of normalization and standardization 
of dimensionless data only makes the whole shift and scale according to the corresponding 
proportion, without changing the shape of decision making unit, so that the relative 
relationship of decision making unit will not be changed and the final evaluation result will not 
be affected. 

minmax

min9.01.0
XX

XX
Y

−

−
+=

 
Note: X is the original value, Y is the adjusted value. Xmin is the minimum value of the variable 
and Xmax is the maximum value. 

3.2. DEA efficiency analysis 

According to the data of 24 selected battery listed companies, the comprehensive efficiency, 
pure technical efficiency and scale efficiency were obtained by using DEAP2.1 software and BCC 
model, as shown in Table 3. According to the efficiency value calculated by DEAP2.1 software, 
it is divided into four regions in the range [0,1]. An efficiency value of 1 indicates that financial 
operation is effective, and an efficiency value between 0.8 and 1 indicates that it is relatively 
effective. A value between 0.5 and 0.8 indicates less effective. Less than 0.5 means invalid. 

 

Table 3. Input and output efficiency of battery listed enterprises in 2018-2020 

Stock code 
2018 2019 2020 

TE PTE SE RTS TE PTE SE RTS TE PTE SE RTS 
DESAY BATTERY 0.860 1 0.860 Irs 1 1 1 - 1 1 1 - 

GOTION 1 1 1 - 1 1 1 - 1 1 1 - 
ATC 1 1 1 - 1 1 1 - 1 1 1 - 

ZHONGHENG ELECTRIC 1 1 1 - 1 1 1 - 1 1 1 - 
KSTAR 0.967 1 0.967 Drs 0.962 0.963 0.977 Irs 0.937 0.962 0.974 Drs 

SACRED SUN 0.882 0.882 1 - 0.836 0.808 0.924 Irs 0.780 0.836 0.934 Irs 
VISION GROUP 0.962 0.965 0.996 Irs 0.933 0.963 0.956 Irs 0.843 0.933 0.903 Irs 

EVE 1 1 1 - 1 1 1 - 1 1 1 - 
NARADA 0.903 0.934 0.967 Irs 1 0.950 0.965 Irs 1 1 1 - 

COOLTECH POWER 1 1 1 - 0.951 0.973 0.860 Irs 0.699 0.951 0.736 Irs 
EAST GROUP 1 1 1 - 1 1 1 - 1 1 1 - 
JOLYWOOD 0.786 0.803 0.979 Irs 1 0.859 0.969 Irs 1 1 1 - 

TONHE TECH 1 1 1 - 1 1 1 - 1 1 1 - 
BEIJING RELPOW 

TECHNOLOGY 
1 1 1 - 1 1 1 - 1 1 1 - 

SINEXCEL ELECTRIC 1 1 1 - 1 0.948 0.979 Irs 1 1 1 - 
INCREASE 1 1 1 - 1 1 0.964 Irs 1 1 1 - 

CATL 1 1 1 - 0.795 1 0.958 Drs 0.789 0.795 0.991 Irs 
SDWH 0.968 1 0.968 Irs 0.166 1 0.166 Irs 1 1 1 - 

DPC 1 1 1 - 1 1 1 - 1 1 1 - 
CYG 1 1 1 - 1 0.978 0.873 Irs 1 1 1 - 

WANLI NEW ENERGY 1 1 1 - 1 1 1 - 1 1 1 - 
NBSS 1 1 1 - 0.959 1 0.982 Irs 0.870 0.959 0.908 Irs 

HUAYOW COBALT 1 1 1 - 1 1 1 - 1 1 1 - 
CITIC GUOAN ZNTO 1 1 1 - 1 1 1 - 0.353 1 0.353 Irs 

Mean value 0.972 0.983 0.989  0.919 0.977 0.940  0.928 0.976 0.950  

 

From 2018 to 2020, 10 companies in the forefront of technical efficiency for three consecutive 
years are GOTION, ATC, ZHONGHENG ELECTRIC, EVE, EAST GROUP,TONHE TECH, BEIJING 
RELPOW TECHNOLOGY, DPC, WANLI NEW ENERGY and HUAYOW COBALT, accounting for 
41.67% of the sample volume, which reflects the good resource allocation capacity of the above-
mentioned companies. 
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Table 4. Distribution of DEA efficiency degree of financial operation efficiency of battery 
storage listed companies 

DEA Efficiency  2018 2019 2020 

DEA Efficiency Degree 
Comprehensive 

Efficiency Value(θ) 
Number of Listed 

Companies 
Number of Listed 

Companies 
Number of Listed 

Companies 
DEA Effective θ=1 17 18 17 

Mild DEA invalid 0.800 ≤ θ < 1 6 5 3 
Moderate DEA invalid 0.500 ≤ θ < 0.800 1 1 4 

Serious DEA invalid θ < 0.500 0 0 0 

 

It can be seen from Table 3 that in the selected samples, the highest value of comprehensive 
efficiency from 2018 to 2020 is 1, the lowest value is 0.786, 0.795 and 0.353 respectively, and 
the average value is 0.972, 0.919 and 0.928 respectively. As can be seen from Table 4, the 
number of enterprises with effective comprehensive efficiency from 2018 to 2020 is 17, 18 and 
17 respectively, and the number of enterprises with severe DEA ineffective is 0. According to 
the above data, enterprises with a comprehensive efficiency of 1 have the same scale and the 
highest financial operation efficiency. Other enterprises with a comprehensive efficiency of less 
than 1 have low financial operation efficiency due to the disharmony between input and output 
ratio. 

The scale efficiency of enterprises with effective comprehensive efficiency is also effective. The 
total number of enterprises with effective scale efficiency is 10, accounting for 41.67%, and the 
number of enterprises with ineffective scale efficiency is 1, accounting for 4.17%. Among them, 
in 2018, the pure technical efficiency value of CITIC GUOAN ZNTO, KSTAR and ST SDWH was 1, 
indicating that their pure technology was effective, but their scale efficiencies were 0.860, 0.967 
and 0.968 respectively, indicating that the scale efficiency was ineffective, indicating that the 
output value of these three enterprises had been maximized on the basis of original input, but 
they could not reach the comprehensive efficiency. 

3.3. Cluster analysis 

In order to more intuitively reflect the advantages and disadvantages of the 24 battery 
production listed companies, and to make the research object easier to analyze and make 
intuitive comparison, similar data are classified and set. According to the DEA calculation 
results of the first stage and the principle of "far small near large", the comprehensive technical 
efficiency, pure technical efficiency and scale efficiency of 24 battery production listed 
companies from 2018 to 2020 are respectively assigned to 20% in 2018, 30% in 2019 and 50% 
in 2020, as shown in Table 5. Then, using these three indicators as the variables to describe the 
characteristics of the samples, SPSS software was used to carry out cluster analysis on 24 
battery production listed companies. 

 

Table 5. Average values of comprehensive efficiency, pure technical efficiency and scale 
efficiency in 2018-2020 

Stock code TE PE SE Stock code TE PE SE 

DESAY BATTERY 0.972 1.000 0.972 TONHE TECH 1.000 1.000 1.000 
GOTION 1.000 1.000 1.000 BEIJING RELPOW TECHNOLOGY 1.000 1.000 1.000 

ATC 1.000 1.000 1.000 SINEXCEL ELECTRIC 1.000 0.984 0.994 
ZHONGHENG ELECTRIC 1.000 1.000 1.000 INCREASE 1.000 1.000 0.989 

KSTAR 0.951 0.970 0.974 CATL 0.833 0.898 0.983 
SACRED SUN 0.817 0.837 0.944 SDWH 0.994 1.000 0.743 

VISION GROUP 0.894 0.948 0.938 DPC 1.000 1.000 1.000 
EVE 1.000 1.000 1.000 CYG 1.000 0.993 0.962 

NARADA 0.981 0.972 0.983 WANLI NEW ENERGY 1.000 1.000 1.000 
COOLTECH POWER 0.835 0.967 0.826 NBSS 0.923 0.980 0.949 

EAST GROUP 1.000 1.000 1.000 HUAYOW COBALT 1.000 1.000 1.000 
JOLYWOOD 0.957 0.918 0.987 CITIC GUOAN ZNTO 0.677 1.000 0.677 
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Cluster analysis was carried out by K-means method, and 24 battery production listed 
companies were divided into 4 categories. ANOVA analysis of variance is used to test the 
significance of sample value differences. When the significance level is less than 0.05, the null 
hypothesis is rejected, indicating that the population mean of multiple samples is not equal, and 
all kinds of risk factors do have a significant impact on the members of the clustering group, 
and the clustering analysis is valid. 

 

Table 6. Cluster grouping results of battery production listed companies 
Group Abbreviation of securities 

Ⅰ SDWH      

Ⅱ 

CYG DPC ATC NBSS KSTAR EVE 

INCREASE GOTION JOLYWOOD TONHE TECH NARADA 
SINEXCEL 
ELECTRIC 

DESAY BATTERY EAST GROUP 
BEIJING RELPOW 

TECHNOLOGY 
WANLI NEW 

ENERGY 
ZHONGHENG 

ELECTRIC 
HUAYOW 
COBALT 

Ⅲ CITIC GUOAN ZNTO      

Ⅳ SACRED SUN VISION GROUP COOLTECH POWER CATL   

 

The first category of enterprises includes ST SDWH. In 2019-2020, the financial efficiency will 
increase substantially, and the comprehensive technical efficiency, pure technical efficiency and 
scale efficiency will be achieved by 2020. 

The second category of enterprise include CYG, DPC, ATC, NBSS, KSTAR, EVE, INCREASE, 
GOTION, JOLYWOOD, TONHE TECH, NARADA, SINEXCEL ELECTRIC, DESAY BATTERY, EAST 
GROUP, BEIJING RELPOW TECHNOLOGY, WANLI NEW ENERGY, ZHONGHENG ELECTRIC, 
HUAYOW COBALT. The 16 companies besides KSTAR, NBSS and HUAYOW COBALT, All of them 
will achieve comprehensive technical efficiency, pure technical efficiency and scale efficiency 
by 2020. The overall financial performance level is high and the development prospect is 
favorable. As shown in Table 6, most of the battery production listed companies have high 
financial efficiency, and the second type of companies have the best performance. The financial 
efficiency level is at the upstream of the industry and has reached a large scale. 

The third category includes CITIC GUOAN ZNTO. From 2019 to 2020, the financial efficiency 
has been in a state of decline, in a state of regression, located in the downstream of the whole 
industry, due to its unreasonable asset and liability structure and excessive financial burden, 
resulting in a significant reduction in the comprehensive efficiency and scale efficiency. 

The fourth type of enterprises includes SACRED SUN, VISION GROUP, COOLTECH POWER and 
CATL four enterprises. SSACRED SUN, VISION GROUP, COOLTECH POWER and CATL will be 
ineffective in 2020 with moderate DEA, but the four companies will all be in a state of increasing 
economies of scale in 2020, and generally have a good momentum of development. 

4. Conclusions and recommendations 

This section takes the battery production listed companies as the specific research object, 
selects the data of 24 battery production listed companies in the period of 2018-2020, carries 
out comprehensive calculation on the sample data through the BCC model, and focuses on the 
evaluation of the comprehensive scale efficiency, pure technical efficiency and technical 
efficiency of the 24 companies. According to the results of DEA, the enterprises are divided into 
four categories by cluster analysis, and the basic financial performance of the sample 
enterprises is finally obtained, which can also show the future development trend of the battery 
industry to a certain extent. 

According to the analysis of DEA results, it can be found that the increase of output of most of 
the sample companies is higher than the proportion of the increase of production factors, and 
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most of the listed companies of sample battery production are in the increasing return to scale 
in terms of economies of scale. By learning the financial performance management mode of 
these bench marking enterprises, it can help vulnerable enterprises timely adjust their strategic 
development and reasonably plan the size of production scale, ensure that the enterprises 
comply with the demand of environmental protection in the new era, and thus improve the 
position of battery industry in new energy. 

Under the current economic situation, China's battery production industry has broad prospects 
for development, opportunities and challenges coexist. In order to further accelerate the 
development of China's battery production industry, it needs not only the support of the 
government and the macro-regulation of the market, but also the enhancement of operating 
efficiency of the battery production listed companies themselves. 

In order to promote the improvement of the financial performance of China's battery industry, 
this paper gives specific improvement measures from the perspective of enterprise 
development: 

1) In the case of insufficient solvency, the utilization rate of funds can be improved and the risk 
management related to capital activities can be strengthened to improve the company's long-
term solvency. Battery enterprises choose a reasonable capital flow ratio according to their 
normal operating conditions, and regularly develop detailed capital turnover strategies, so that 
enterprises can grasp the reasonable proportion among cash, inventory, debt and current 
assets. 

2) Reasonable allocation of the company's existing resources and timely adjustment of 
enterprise scale. When the return to scale of an enterprise presents an increasing trend, it can 
be considered to expand a certain enterprise scale, but the larger the enterprise scale is not the 
better, it is still necessary to balance the analysis of the current situation of the enterprise. For 
the small and medium-sized battery production companies in the beginning, because their 
enterprise form is not yet mature, the enterprise planning is not yet clear, we can refer to the 
battery industry developed enterprises. 
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