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Abstract

Under the double carbon goal, the 14™ Five Year Plan proposes to accelerate
green and low-carbon development. The energy conservation and environ-
mental protection industry has ushered in a period of strategic opportunities,
and its driving role in economic growth will be further apparent. The further
specialization and refinement of market demand for environmental protec-
tion products will force the energy conservation and environmental protec-
tion industry to carry out technological innovation. What is the efficiency of
technological innovation in the energy conservation and environmental pro-
tection industry? Based on 2016-2020 data of 45 Chinese listed companies in
this industry, this study uses DEA model and Malmquist index model to
measure innovation efficiency from both static and dynamic aspects, and To-
bit model to conduct regression analysis on the influencing factors of innova-
tion efficiency. The results indicate that, from a static perspective, the overall
innovation efficiency remained relatively stable from 2016 to 2019, and de-
creased in 2020 due to the impact of the epidemic. From a dynamic perspec-
tive, due to the decrease in scale efficiency and pure technological efficiency,
the overall innovation efficiency decreased by 1% between 2016 and 2020;
The main influencing factors of innovation efficiency are regional public
budget revenue, the number of universities in the region, and the number of
employees with master’s degrees or above in the company.
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1. Introduction

The energy conservation and environmental protection industry is essentially an
industry that provides a technological foundation and equipment guarantee for
saving energy and resources, developing circular economy, and protecting the
environment.

Environmental protection is a major socio-economic issue of common con-
cern to people around the world today, which is related to the sustainable de-
velopment of the economy and society (Geng & Cui, 2020). Governments
around the world also attach great importance to environmental protection
work, and have introduced a series of policies to promote the development of
environmental protection (Li et al., 2022). The Chinese government proposed in
the 14" Five Year Plan to accelerate green and low-carbon development, conti-
nuously improve environmental quality, enhance ecosystem quality and stability,
and comprehensively improve resource utilization efficiency. The 20" National
Congress once again emphasized the need to accelerate the green transformation
of development methods. Guided by the goals of carbon neutrality and carbon
peaking, the energy conservation and environmental protection industry has
ushered in a new period of strategic opportunities, and its driving effect on eco-
nomic growth will further manifest. The total output value of the energy con-
servation and environmental protection industry has increased from 4.5 trillion
yuan in 2016 to 7.5 trillion yuan in 2020. The proportion of the total industrial
output value to China’s annual GDP has reached about 7%, becoming an im-
portant component of China’s socialist economic system. The energy-saving and
environmental protection industry is the most sensitive industry to respond to
market demand. With the improvement of people’s environmental awareness
and knowledge, the demand for products will become more specialized and re-
fined, and the demand for environmentally friendly products will be further di-
versified and personalized (Geng & Cui, 2020). The new market demand will
force energy-saving and environmental protection enterprises to carry out tech-
nological innovation to meet the public’s requirements for products. However,
at the same time, there are still many problems in the innovation capacity of the
energy-saving and environmental protection industry, such as the lack of key
technologies with independent intellectual property rights, the relatively small
number of patent authorizations, and the relatively low value of products and
services, which seriously limit the further development of the energy-saving and
environmental protection industry. This study selects the DEA model and
Malmquist index model to measure the innovation efficiency of listed companies
in the energy-saving and environmental protection industry from both static
and dynamic aspects, analyzes the main influencing factors of innovation effi-
ciency, and seeks ways to improve innovation efficiency.

Existing research mostly focuses on the measurement and influencing factors

of regional innovation efficiency. Scholars have examined and compared the in-
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novation efficiency of EU member states from the perspective of innovation in-
put and output (Aytekin et al., 2022); Scholars have measured the efficiency of
green technology innovation in Chinese provinces from different perspectives
based on the dynamic network data envelopment analysis of Slack (Wang &
Ren, 2022), and used a double-layer stochastic frontier model to decompose the
positive and negative effects of outward direct investment on green innovation
in different time periods and provinces (Song & Han, 2022); Scholars have also
conducted research on the efficiency of green innovation in Chinese cities, be-
lieving that regional collaborative innovation, development of the Internet
(Wang et al.,, 2022) and the agglomeration of innovation elements characterized
by knowledge and technology (Yu et al., 2023) have promoted regional innova-
tion efficiency, including financial agglomeration, industrial structure, know-
ledge sharing, economic activities, higher education, etc. The impact of openness
and environmental regulations (Fan et al., 2020) on the overall efficiency and
stage efficiency of green innovation in Chinese cities exhibits regional hetero-
geneity (Liao & Li, 2023). There is an inverted U-shaped relationship between
enterprise size and innovation efficiency (Mei & Shao, 2016). Scholars have also
conducted research from the perspective of the effectiveness of regional inno-
vation efficiency, and believe that the innovation efficiency of 280 cities in
China has an impact on the ecological footprint of different regions (Ke et al,,
2021).

The research on the innovation efficiency of micro enterprises mainly focuses
on two aspects. One is to explore the influencing factors. Scholars believe that
gender diversity in R&D teams (Xie et al., 2020), artificial intelligence applica-
tions (Li et al., 2023), perceived economic policy uncertainty in enterprises
(Zhou et al., 2023), high-speed rail (Yang et al., 2022), and financial technology
development (Xu et al., 2023) have an impact on innovation efficiency in enter-
prises. The second is to explore a certain industry field. Scholars have measured
the technological innovation efficiency of China’s high-tech industries and be-
lieve that the overall efficiency of most of China’s high-tech industries is rela-
tively low, with significant differences between the five high-tech industries
(Wang et al., 2020). The role of intellectual property rights in improving innova-
tion efficiency in China’s high-tech industries, mediating the development of
technology markets, and regulating market segmentation (Wan et al., 2023).
Competition will force Chinese manufacturing enterprises to focus on improv-
ing innovation efficiency, but it also undermines cooperation, leading to unpre-
dictable research and development results (Huang, 2023). Green finance policies
(Wang, 2023) and digital economy development (Hui et al., 2023) have a signif-
icant impact on the efficiency of green innovation in China’s manufacturing
industry. Diversified agglomeration and specialized agglomeration have dif-
ferent impacts on the innovation efficiency of China’s pharmaceutical manu-
facturing industry (Shi, 2019). Scholars have also measured and evaluated the

technological innovation efficiency of the Chinese electronic game industry
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(Xi et al., 2022) and the China Industrial Technology Research Institute (Qin
et al., 2023).

Based on existing literature, most experts and scholars have conducted in-depth
and comprehensive research on regional innovation efficiency, including the
measurement of national, provincial, and urban innovation efficiency and the
exploration of influencing factors. There is relatively little research on the inno-
vation efficiency of micro enterprises, mostly focusing on a certain influencing
factor, lacking a comprehensive analysis of the influencing factors. The research
on industry focuses on high-tech and manufacturing industries, without study-
ing the innovation efficiency of energy-saving and environmental protection
industries. Therefore, this study will attempt to make the following contribu-
tions: firstly, focus the research object on the energy-saving and environmental
protection industry. The energy-saving and environmental protection industry,
as a strategic emerging industry recognized by the country, has a very important
strategic position and optimistic development prospects, attracting widespread
attention from all sectors of society. This study measures the innovation effi-
ciency of listed companies in the energy-saving and environmental protection
industry, providing new ideas for the research of the energy-saving and envi-
ronmental protection industry, and promoting the healthy development of
the energy-saving and environmental protection industry. Secondly, conduct a
comprehensive analysis of the influencing factors of innovation efficiency. This
article studies the influencing factors of innovation efficiency in energy conser-
vation and environmental protection industries from the perspectives of external
economy, education, policy environment, as well as internal scale and human
resources of enterprises, which helps to find more comprehensive paths to im-

prove innovation efficiency.

2. The Current Status of Innovation Input-Output in
Energy Conservation and Environmental Protection
Industries

2.1. Current Status of Innovation Investment

2.1.1. Financial Expenditure

From 2016 to 2020, the total fiscal expenditure of China’s energy conservation
and environmental protection industry was 473.482 billion yuan, 561.733 bil-
lion yuan, 629.761 billion yuan, 739.02 billion yuan, and 633.34 billion yuan,
respectively, showing an overall trend of first increasing and then decreasing,
with local expenditure accounting for a large proportion. From 2016 to 2019,
the total fiscal expenditure on the energy conservation and environmental
protection industry has been increasing every year, with an increase of 18.64%,
12.11%, and 17.35%, respectively. In 2020, due to the impact of the epidemic,
the central and local government’s fiscal expenditure on the energy conserva-
tion and environmental protection industry has decreased compared to 2019,

but the total investment remains at a relatively high standard. The central and
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local governments attach great importance to the energy conservation and en-
vironmental protection industry, Great support has been provided for innova-
tive investment in the energy conservation and environmental protection in-

dustry (Figure 1).

2.1.2, R&D Personnel Investment

From the overall situation of R&D personnel investment in the three industries,
the number of research and development personnel in the water management
industry, ecological protection and environmental governance industries is
showing an increasing trend year by year, reflecting the overall importance that
the industry attaches to the introduction of innovative talents. The number of
R&D personnel in the ecological protection and environmental governance in-
dustries has been significantly higher over the years compared to the other two
industries, and the number of R&D personnel has maintained a growth trend in
all other years except for a decrease in 2018. The introduction of innovative tal-
ents is in a leading position in the industry. The number of R&D personnel in
the public facility management industry is relatively backward among the
three industries, and the number of R&D personnel has been decreasing year
by year from 2018 to 2020. The industry needs to strengthen the scale of in-
troducing innovative talents and maintain consistency in the introduction
(Figure 2).

7390.2
8000 6297.61 6969.01

5617.33
6000 4734.82 5266.77 5870.05 5989. 14
4439.33
4000
2000 295.4 350.5 427.5 421.1 344.2
0 — —
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= Central expenditure (100 million yuan) ® Local expenditure (100 million yuan)

total fiscal expenditure(100 million yuan)

Figure 1. Financial expenditure of energy conservation and environmental protection

industry.
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Figure 2. Investment of R&D personnel in energy-saving and environmental protection
industries.
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2.1.3. R&D Funding Investment

From the overall situation of internal investment in research and development
funds in the three industries, the total investment in research and development
funds in the three industries has been increasing year by year, and the overall
investment in research and development funds in the industry is constantly in-
creasing. From the perspective of various industries, the internal investment in
research and development funds in the water management industry shows a
trend of first decreasing and then increasing. The internal investment in 2017
and 2018 was lower than that in 2016, and the industry needs to maintain con-
sistency in investment. The internal investment in research and development
funds for ecological protection and environmental governance has been in-
creasing year by year, with an increase rate of 13.99%, 19.05%, 15.3%, and 2.95%,
respectively. Both the growth rate and investment scale are leading in the indus-
try. The internal investment scale of research and development funds in the
public facility management industry is lagging behind among the three indus-
tries, with relatively small annual investment amounts. It is necessary to appro-
priately expand the investment scale to support innovation activities in the in-

dustry (Figure 3).

2.2. Current Status of Innovation Output

2.2.1. Industrial Output Value

During the five-year period from 2016 to 2020, the output value of the energy
conservation and environmental protection industry increased from 5.3 trillion
yuan in 2016 to 7.5 trillion yuan in 2020, with growth rates of 9.43%, 15.52%,
8.96%, and 2.74%, respectively. The industrial output value has been increasing
year by year, but the increase has slowed down, and the overall industry is in a
relatively stable development stage. At the same time, based on the slightly high-
er GDP growth rate in 2017 and a decrease in its numerical value, the proportion
of energy conservation and environmental protection industry output value to

GDP has exceeded 7% in other years and shows a slight growth trend. The energy

400000 344337 354495
298640
300000 250843
220060
17860
200000 14731 12905 13517 14419
100000
3894 5608 5481 6719 7153
0
2016 2017 2018 2019 2020
Year

® Water management industry (Ten thousand yuan)
m Ecological protection and environmental governance industry (Ten thousand yuan)

Public facility management industry (Ten thousand yuan)

Figure 3. Internal investment of R&D funds in energy conservation and environmental
protection industries.
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conservation and environmental protection industry has become an indispensa-

ble force in China’s economic development system (Figure 4).

2.2.2. The Patent Output

From 2018 to 2020, the number of patent applications in the energy conserva-
tion and environmental protection industry showed an increasing trend year by
year, with an increase of 3.64% in 2019 compared to 2018 and 2.98% in 2020
compared to 2019. The overall innovation awareness of the industry has been
enhanced. The number of patent authorizations shows a trend of first decreasing
and then increasing, with the ratios of patent authorizations to patent applica-
tions over the years being 46.86%, 41.07%, and 41.51%, respectively. Only a
small portion of patents can be granted. This can reflect that there are still some
problems that need to be improved in the innovation system of the energy con-
servation and environmental protection industry, and there is still significant
room for improvement in the overall innovation capacity of the industry (Figure
5).

2.2.3. Profit Situation
From 2017 to 2020, the operating profit of listed environmental protection en-

terprises showed a state of first decreasing and then increasing. Based on the
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Figure 4. Energy conservation and environmental protection industry output value and it
proportion to GDP.
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Figure 5. Patent output of energy conservation and environmental protection industry.
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Figure 6. Profitability of energy conservation and environmental protection industry.

impact of declining operating income, the overall operating profit in 2018
showed a significant decrease compared to 2017, a decrease of 24.03%. Subse-
quently, the overall operating profit of the enterprise increased significantly in
2019 and 2020, reaching 94.6 billion yuan and 111.84 billion yuan, respectively
(Figure 6). From the perspective of average profit margin, the overall average
profit margin of the enterprise is relatively low, with the highest being only
12.20% in 2017. The overall profitability of the enterprise is weak, and the ability

to obtain profits from innovation investment needs further improvement.

3. Measurement of Innovation Efficiency

3.1. Sample Selection and Data Sources

This article is based on the list of listed companies published by Dongfang
Wealth Network. After excluding ST, *ST, and incomplete data listed compa-
nies, 45 energy-saving and environmental protection industry listed companies
were ultimately selected. The relevant financial data of each listed company
comes from the annual report; the patent authorization data is sourced from the
National Intellectual Property Network.

3.2. Selection of Indicators

Based on the existing research results of other scholars [83], the investment in-
dicators of this article mainly include human resource investment and financial
investment. Among them, the number of R&D personnel (X1) is selected as hu-
man resource investment, while R&D funding (X2) and operating costs (X3) are
selected as financial investment. The output indicators of this article mainly in-
clude knowledge output and economic output. The output of knowledge
achievements is represented by the number of patent authorizations (Y1), while
the output of economic achievements is reflected by two economic indicators:
operating income (Y2) and net profit (Y3). This article adopts the efficiency
coefficient method to correct the data in the indicators of net profit and patent

authorization numbers that are less than or equal to 0.
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3.3. Model Construction

3.3.1. DEA-BCC Model

This article uses the BCC model to statically measure the innovation efficiency
of 45 listed companies in the energy-saving and environmental protection in-

dustry. The specific model is as follows:

min @ - ¢ (eTs+ +e's )
Z YA, -8" =Y,

(1)
YA, =1=123n

j=1

2,20,57,5°20

j=1,2,3,---,n represents each decision-making unit, X and Y represent in-
put and output variables, S~ and S* represent input and output relaxation
variables of each listed company, respectively, ¢ Represents a non Archime-
dean infinitesimal quantity. If the pure technical efficiency and scale efficiency of
a listed company reach 1, and the innovation efficiency of the listed company is
1, it indicates that the innovation efficiency of the listed company is effective. If
the innovation efficiency does not reach 1, it indicates that the innovation effi-

ciency of the listed company is in an invalid state.

3.3.2. Malmquist Index Model

The Malmquist index model can be represented as:

Tfpch = Effchx Techch = (Pech X Sech) x Techch 2)

Among them, Tfpch represents the total factor productivity of innovation ef-
ficiency, Effch, Techch, Pech and Sech represent the technical efficiency change
index, technical progress index, pure technical efficiency change index, and scale
efficiency change index, respectively. If 7fpch > 1, it indicates that the innova-
tion efficiency of listed companies in energy-saving and environmental protec-
tion industries is on the rise, 7fpch = 1 indicates that the innovation efficiency
remains unchanged, and 7pch < 1 indicates that the innovation efficiency is de-

creasing.

3.4. Measurement Results of Innovation Efficiency

3.4.1. Correlation Analysis of Input-Output Variables

The DEA-BCC and Malmquist models require a positive correlation between in-
put-output variables. This article analyzes the correlation between input-output
indicators and finds that the correlation coefficients between R&D expenditure
and patent authorization, operating revenue, and net profit are 0.64, 0.41, and
0.37, respectively, and are positively significant at a 1% confidence level; The
correlation coefficients between the number of R&D personnel and the number
of patent authorizations, operating revenue, and net profit are 0.62, 0.39, and

0.29, respectively, and are positively significant at a 1% confidence level; The
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correlation coefficients between operating costs and patent authorizations, oper-
ating revenue, and net profit are 0.52, 0.70, and 0.59, respectively, and are posi-
tively significant at a 1% confidence level, indicating a positive correlation be-
tween input and output variables, which meets the requirements of the model

(Table 1).

3.4.2. Static Measurement of Innovation Efficiency

1) Analysis of Individual Innovation Efficiency

As shown in Table 2, the number of listed companies with innovation effi-
ciency values of 1 in the energy conservation and environmental protection in-
dustry from 2016 to 2020 was 9, 6, 9, 8, and 8, respectively, accounting for
20.00%, 13.33%, 20%, 17.78%, and 20.00%, respectively. Only a very small num-
ber of listed companies are in an effective state of innovation efficiency each year.
Among them, only four listed companies have an innovation efficiency value of 1
in five years, and one listed company has an innovation efficiency value of 1 in
four years. These five listed companies have high and stable innovation efficien-
cy, and their overall innovation efficiency is in a leading position in the industry.
The innovation efficiency of 11 companies has reached 1 in one to three years,
which is in an effective state, but it cannot be sustained. We should focus on im-
proving the stability of our own innovation efficiency. The remaining 29 com-
panies have not achieved an innovation efficiency value of 1 in a year, and there
are serious problems in both scale efficiency and pure technical efficiency. In-
novation efficiency is at a relatively backward level in the industry.

2) Analysis of overall innovation efficiency

As shown in Table 3, the overall average innovation efficiency, pure technical
efficiency, and scale efficiency of listed companies in the energy conservation
and environmental protection industry from 2016 to 2020 were 0.70, 0.84, and
0.83, respectively. The overall innovation efficiency maintained a high level, but
did not reach 1 and was not in an effective state. From the average situation over
the years, the average level of pure technical efficiency and scale efficiency was

relatively stable from 2016 to 2019, without significant fluctuations. The average

Table 1. Correlation analysis of input-output variables.

X1 X2 X3 Y1 Y2 Y3
X1 1
X2 0.83%** 1
X3 0.55%** 0.58%** 1
Y1 0.62%** 0.64¢* 0.52%%* 1
Y2 0.39%** 0.41¢* 0.70%** 0.39¢* 1
Y3 0.29%** 0.37¢* 0.59%** 0.29¢* 0.44¢* 1

***Significantly at a 1% confidence level.
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Table 2. Annual innovation efficiency values of listed companies in the energy conserva-
tion and environmental protection industry.

NO. 2016 2017 2018 2019 2020 NO. 2016 2017 2018 2019 2020

1 0.67 063 063 0.64 031 24 072 0.64 060 0.81 0.65

2 092 086 078 072 034 25 053 060 039 073 033

3 0.76 066 058 0.55 0.08 26 090 0.62 1 091 0.92

4 0.84 074 0.89 1 0.65 27 070 0.62 054 045 031

5 0.88 0.65 066 0.58 038 28 1 1 1 0.77  0.63
6 1 1 1 1 1 29 073 064 071 0.65 0.51
7 1 1 1 1 1 30 071 0.67 065 0.59 049
8 1 0.66 063 072 026 31 095 058 067 0.67 049
9 1 0.91 1 1 1 32072 061 072 053 0.32
10 1 1 1 054 073 33 069 0.62 058 0.93 1

11 081 0.68 0.70 1 054 34 048 051 032 0.76 0.15
12 066 062 065 069 039 35 062 057 058 065 0.33
13 069 065 064 059 065 36 067 062 049 050 0.28
14 067 064 062 077 039 37 058 0.58 0.50 1 0.54
15 065 057 069 063 019 38 061 051 051 055 0.28
16 089 070 071 0.76 0.58 39 1 1 1 1 1

17 075 069 075 075 079 40 064 059 061 0.63 0.29
18 061 0.61 065 0.84 1 41 094 083 073 092 0.78
19 075 067 075 072 042 42 1 0.75 1 0.88 0.82
20 066 060 063 081 057 43 078 0.68 071 0.72 1

21 078 0.69 069 070 051 44 068 061 0.68 0.70 0.04
22 067 062 058 055 028 45 1 1 1 1 1

23 091 087 0.79 0.78 0.68

values for each year were above 0.8, but there was a significant decline in 2020.
Under the combined effect of the two, the average innovation efficiency of the
industry decreased to 0.55. This is mainly due to the significant impact of the
epidemic in 2020 on the entire energy-saving and environmental protection in-
dustry, resulting in a significant decrease in the overall innovation efficiency of
the industry.

3) Analysis of regional differences in innovation efficiency

As shown in Table 3, the average innovation efficiency of listed companies in
the energy conservation and environmental protection industries in the central,
western, and eastern regions from 2016 to 2020 was 0.66, 0.74, and 0.70, respec-

tively. The innovation efficiency values of listed companies in the western region
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Table 3. Overall analysis of innovation efficiency of listed companies in the energy con-
servation and environmental protection industry.

Year/Region Mean i‘n‘novation Mean pl{r‘e technical Mean‘ scale

efficiency efficiency efficiency
2016 0.78 0.87 0.89
2017 0.70 0.86 0.81
2018 0.71 0.87 0.82
2019 0.75 0.87 0.86
2020 0.55 0.72 0.77
population mean 0.70 0.84 0.83
Central region 0.66 0.81 0.82
Central region 0.74 0.82 0.89
Central region 0.70 0.85 0.82

were higher than those in the central and eastern regions, and they were in a
leading position in the comparison between regions. However, the average in-
novation efficiency of the three regions is less than 1, which has not reached an
effective state, and there is still significant room for improvement. From the
perspective of various regions, the average pure technical efficiency of listed
companies in the central and western regions is lower than the average scale effi-
ciency. The low pure technical efficiency is the main factor hindering the im-
provement of innovation efficiency of listed companies in the western and cen-
tral regions; The average pure technological efficiency in the eastern region is
higher than the average scale efficiency, and the low scale efficiency is the main
factor hindering the improvement of innovation efficiency of listed companies

in the eastern region.

3.4.3. Dynamic Measurement of Innovation Efficiency

1) Analysis of Individual Innovation Efficiency

As shown in Table 4, there were 22 listed companies with an average total
factor productivity of innovation efficiency greater than 1 from 2016 to 2020,
accounting for 48.8%, indicating that nearly half of the listed companies in the
industry are on the rise in innovation efficiency. From the perspective of the
technical efficiency change index, the values of 5 listed companies are greater
than 1, the values of 5 listed companies are equal to 1, accounting for 11.1% re-
spectively, and the values of the other 35 listed companies are less than 1. This
indicates that the technical efficiency of 35 companies is declining during this
time period. Among them, 19 companies were caused by a decrease in pure
technological efficiency, while 16 companies were caused by a decrease in scale
efficiency due to investment scale and resource allocation. From the perspective
of technological progress index, the value of 37 listed companies is greater than

1, accounting for 82.2%, indicating that the vast majority of energy-saving and
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Table 4. Summary of innovation efficiency total factor productivity and its decomposi-
tion index mean of listed companies in the energy conservation and environmental pro-
tection industry.

NO. effch techch pech sech tfpch NO. effch techch pech sech tfpch
1 0.83 1.23 0.80 1.03 1.02 24 0.98 1.09 1.01 0.97 1.06
2 0.78 1.16 093 084 091 25 0.89 1.12 0.88 1.01 1
3 0.56 1.62 0.65 0.87 091 26 1.01 1 1.01 1 1.01
4 0.94 1.02 1.01 093 095 27 0.82 1.30 0.89 0.92 1.06
5 0.81 1.17 087 094 095 28 0.89 0.99 0.89 1 0.88
6 1 0.84 1 1 084 29 091 1.17 1.02 090 1.06
7 1 0.94 1 1 094 30 0091 1.10 0.94 0.97 1
8 0.71 1.05 0.72 099 075 31 0.85 1.05 1 0.85 0.89
9 1 1.24 1 1 124 32 0.81 1.14 0.81 1 0.92
10 0.93 0.96 0.93 1 0.89 33 1.10 1.29 1.04 1.06 141
11 0.90 1.06 099 091 09 34 0.74 1.12 0.79 0.94 0.83
12 0.88 1.15 1 0.88 1.01 35 0.85 1.33 1.04 0.82 1.14
13 0.98 1.15 1.07 092 113 36 0.80 1.20 0.80 1.01 0.97
14 0.87 1.18 1.04 084 103 37 0.99 0.97 1.08 0.91 0.96
15 0.73 1.42 0.75 098 1.04 38 0.83 1.24 0.87 0.96 1.02
16  0.90 1.16 098 092 1.04 39 1 0.97 1 1 0.97
17 1.01 1.07 099 1.02 108 40 0.82 1.21 0.86 0.96 0.99
18 1.13 1.15 1.08 1.05 130 41 0.95 1.01 0.95 1 0.96
19 0.87 1.28 091 095 1.11 42 0.95 0.95 1 096 091
20 0.96 1.09 096 1.01 105 43 1.06 1.08 1.06 1.01 1.15
21 0.90 1.17 1 090 1.05 44 0.50 1.38 0.48 1.04 0.69
22 0.80 1.28 091 0.88 1.03 45 1 0.80 1 1 0.80

23 0.93 1.13 0.99 0.94 1.05

environmental protection industries can attach importance to the development
of new technologies, actively introduce scientific research talents, and their
scientific research and technological capabilities are rapidly developing.

2) Analysis of overall innovation efficiency

As shown in Table 5, the average total factor production index of innovation
efficiency for listed companies in the energy conservation and environmental
protection industry from 2016 to 2020 was 0.99, indicating a 1% decrease in
overall innovation efficiency. From the perspective of each decomposition index,
the average value of the technical efficiency change index is 0.90, which has de-

creased by an average of 10% and has a negative impact on the improvement of
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Table 5. Overall analysis of innovation efficiency and total factor productivity of listed
companies in the energy conservation and environmental protection industry.

Year/Region effch techch pech sech tfpch
2016-2017 0.90 1.07 0.99 0.90 0.96
2017-2018 1.00 0.92 0.99 1.01 0.92
2018-2019 1.06 0.90 1.01 1.05 0.95
2019-2020 0.63 1.80 0.73 0.87 1.14

population mean 0.90 1.17 0.93 0.96 0.99

Central region 0.93 1.18 0.95 0.98 1.09

Central region 0.87 1.18 0.88 0.99 1.00

Central region 0.89 1.12 0.94 0.95 0.98

innovation efficiency; The average value of the technological progress index is
1.17, an average increase of 17%, which has a positive effect on improving inno-
vation efficiency; The average change index of pure technological efficiency is
0.93, a decrease of 7% on average, which has a negative impact on the improve-
ment of innovation efficiency; The average change index of scale efficiency is
0.96, which has decreased by 4% annually and has a negative impact on the im-
provement of innovation efficiency. It can be seen that the decline in industrial
technological efficiency is caused by the decrease in scale efficiency and pure
technological efficiency. Among them, the decrease in pure technological effi-
ciency is greater than that of scale efficiency, and the decrease in pure technolo-
gical efficiency is the main reason for the overall decline in innovation efficiency
in the industry.

3) Analysis of regional differences in innovation efficiency

As shown in Table 5, from 2016 to 2020, the average innovation efficiency
total factor productivity of listed companies in the central region was 1.09,
with a 9% increase in efficiency. The average innovation efficiency total factor
productivity of listed companies in the western and eastern regions was 1 and
0.98, respectively. The efficiency value in the western region remained stable,
while in the eastern region it decreased by 2%. The innovation efficiency in
the central region was significantly higher than that in the western and east-
ern regions. From the perspective of each decomposition index, the average
technological progress index of listed companies in the three regions has ex-
ceeded 1, and the technological capabilities of each region are significantly
improving. However, the average pure technological efficiency and scale effi-
ciency index of the three regions are all less than 1, indicating a decline. There
are problems with the establishment and daily management of innovation
systems, investment scale, and resource allocation of listed companies in each

region.
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4. Research on the Factors Influencing Innovation Efficiency
4.1. Theoretical Analysis of Influencing Factors

4.1.1. Regional Economic Development Level (Z1)

The level of economic development in a region is an economic influencing factor
in the PEST theory, and the impact of economic development level on innova-
tion efficiency has been a hot topic of academic research in recent years. The
development of innovation activities requires the support of economic founda-
tion. The higher the level of economic development, the greater the investment
of listed companies in innovation, and the greater the demand for innovative
products by the public (Zhou & Xu, 2022). So, this article assumes a positive
correlation between the level of regional economic development and the innova-
tion efficiency of listed companies. Among them, Z1 is represented by the re-

gional public budget revenue indicator.

4.1.2. Regional Education Level (Z2)

Regional education level is a social environmental influencing factor in PEST
theory. The richer the educational resources in a region, the more innovative
talents it can provide for technological innovation, resulting in more output of
innovative achievements and more demand for innovation, promoting the im-
provement of innovation efficiency (Wan et al., 2023). So, this article assumes a
negative correlation between regional education level and innovation efficiency
of listed companies. Among them, Z3 is represented by the number of regional

universities.

4.1.3. Government Support (Z3)

The government’s support for energy conservation and environmental protec-
tion industries is a technological influencing factor in PEST theory. Generally
speaking, the more government expenditure on energy conservation and envi-
ronmental protection, the greater the local government’s attention and support
for the energy conservation and environmental protection industry. Listed
companies can receive more external support to better carry out innovation ac-
tivities. This article assumes a positive correlation between government support
and the innovation efficiency of listed companies. Among them, the Z4 govern-
ment’s energy conservation and environmental protection expenditure indicator

represents.

4.1.4. Company Size (Z4)

The size of a company is an internal influencing factor on its innovation effi-
ciency. Generally speaking, larger enterprises have relatively strong financial
strength, better innovation resources, can maintain the continuity of innovation
investment, and have strong ability to resist risks. Large scale enterprises can ef-
fectively disperse innovation risks and reduce losses caused by R&D failures
through diversification and large-scale R&D innovation (Li et al., 2023). So, this

article assumes a positive correlation between company size and innovation effi-
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ciency of listed companies. Among them, Z2 is represented by the company’s

total asset indicator.

4.1.5. Labor Quality and Talent Introduction (Z5)

The quality of the company’s labor force and the introduction of talent to a cer-
tain extent reflect the company’s core competitiveness and are internal influen-
cing factors for the company’s innovation efficiency. Generally speaking, the
higher the education level of the workforce, the stronger their ability to learn
innovative knowledge and develop innovative technologies. On the other hand,
the introduction of high-quality and highly educated talents by listed companies
requires a significant amount of cost, and at the same time, there may be many
problems such as mismatch between education and innovation ability, and un-
reasonable talent allocation in the company (Ahmad et al., 2022). So, this article
assumes that there is a negative correlation between the quality of company la-
bor and the introduction of talent and the innovation efficiency of listed compa-
nies. Among them, Z5 is represented by the number of employees with a mas-

ter’s degree or above in the company.

4.2. Model Construction

This article constructs a Tobit regression model as follows:
Crste, = B+ B InZl, + B,InZ2,+ B, InZ3,+ B, InZ4, + B;InZ5,+u  (3)

Among them, 7 represents the serial number of the enterprise, ¢ represents the
year, Crste represents the innovation efficiency value of the listed company, InZ1
represents the logarithm of regional public budget revenue, InZ2 represents
the logarithm of regional universities, InZ3 represents the logarithm of gov-
ernment energy conservation and environmental protection expenditure, InZ4
represents the logarithm of company total assets, InZ5 represents the logarithm
of the number of employees with master’s degree or above, and u represents

the residual term.

4.3. Tobit Regression Analysis

From the Tobit regression results, it can be found that the regression coefficient
of regional public budget revenue is positive and positively correlated with the
innovation efficiency of listed companies, which is consistent with hypothesis 1.
At the same time, the regional public budget revenue and the innovation effi-
ciency of listed companies have passed the significance test at a 5% confidence
level, and are the main influencing factors of innovation efficiency. The im-
provement of regional economic level has driven the improvement of innovation
efficiency of local companies.

The regression coefficient of the number of universities in the region is nega-
tive and negatively correlated with the innovation efficiency of listed companies,
which is consistent with hypothesis 2. At the same time, the number of regional

universities and the innovation efficiency of listed companies have passed a sig-
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nificance test at a confidence level of 1%, which is the main influencing factor of
innovation efficiency. The increase in the number of regional universities hind-
ers the improvement of innovation efficiency of listed companies in their respec-
tive regions.

The regression coefficient of government energy conservation and environ-
mental protection expenditure is positive and positively correlated with the in-
novation efficiency of listed companies, which is consistent with hypothesis 3.
However, it did not pass the significance test and has only a weak impact on the
innovation efficiency of listed companies, not the main influencing factor of in-
novation efficiency.

The regression coefficient of the total assets of the company is positive and
positively correlated with the innovation efficiency of the listed company, which
is consistent with hypothesis 4. However, it did not pass the significance test, in-
dicating that the company size of the listed company only has a weak impact on
the innovation efficiency of the company and is not the main influencing factor
of innovation efficiency.

The regression coefficient for the number of employees with a master’s degree
or above in a company is negative and negatively correlated with the innovation
efficiency of listed companies, consistent with hypothesis 5. At the same time,
the number of employees with a master’s degree or above in the company and
the innovation efficiency of listed companies have passed a significance test at a
5% confidence level, which is the main influencing factor of innovation efficien-
cy. Each listed company has paid high costs to attract highly educated talents,
hindering the improvement of its own innovation efficiency (Table 6).

4.4. Robustness Testing

In order to verify the accuracy of Tobit regression results, this article adopts a
variable substitution method for robustness testing. The number of employees in
the company is used to replace the total assets of the company to reflect the size
of the company. The test results are shown in Table 7.

From the results of the robustness test, it can be seen that the three indicators
of regional public budget revenue, number of regional universities, and number

of employees with master’s degrees or above have passed the significance test

Table 6. Tobit regression results.

Variable regression coefficient S.D. T P
InZ1 0.0802 0.0357 2.24 0.026**
InZ2 —-0.2495 0.0697 -3.58 0.000***
InZ3 0.0430 0.0439 0.98 0.329
InZ4 0.0170 0.0201 0.84 0.401
InZ5 -0.0392 0.0180 -2.18 0.030**

***Significantly at a 1% confidence level, **Significantly at a 5% confidence level.
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Table 7. Robustness test.

Variable regression coefficient S.D. T P
InZ1 0.0865 0.0350 2.47 0.014**
InZ2 -0.2668 0.0687 -3.88 0.000***
InZ3 0.0501 0.0439 1.14 0.255
InZ4 0.2588 0.0168 1.54 0.126
InZ5 —-0.0469 0.1762 -2.66 0.008***

***Significantly at a 1% confidence level, **Significantly at a 5% confidence level.

with the innovation efficiency of listed companies in the energy conservation
and environmental protection industry, and are the main influencing factors of
innovation efficiency of listed companies. At the same time, there is a positive
correlation between regional public budget revenue and innovation efficiency,
while there is a negative correlation between the number of universities in the
region and the number of employees with master’s degrees or above and innova-
tion efficiency, which is consistent with previous conclusions. The average
number of students in higher education per 100,000 population in the region,
government expenditure on energy conservation and environmental protection,
and the innovation efficiency of listed companies in the energy conservation and
environmental protection industry have not passed the significance test, and are
not the main influencing factors of innovation efficiency. At the same time, the
average number of students in higher education per 100,000 population in the
region is negatively correlated with the innovation efficiency of listed companies,
and the government’s energy conservation and environmental protection ex-
penditure is positively correlated with the innovation efficiency of listed compa-
nies, which is consistent with previous conclusions. Therefore, the results of To-

bit regression have high reliability.

5. Conclusion and Suggestions

5.1. Conclusion

In order to measure the innovation efficiency of listed companies in China’s
energy conservation and environmental protection industry and explore the
main influencing factors of innovation efficiency, this article selects 45 listed
companies in the energy conservation and environmental protection industry as
the research objects, and selects indicator data from each listed company from
2016 to 2020. Firstly, the DEA-BCC model and Malmquist index model are used
to measure the innovation efficiency of listed companies from static and dy-
namic aspects, respectively, Based on the measurement results of innovation ef-
ficiency using the DEA-BCC model, the Tobit regression method was used to
study the main influencing factors of innovation efficiency of listed companies

in the energy conservation and environmental protection industry. The main
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conclusions were as follows: firstly, from a static perspective, the overall innova-
tion efficiency of listed companies in the energy conservation and environmental
protection industry was relatively stable during the period from 2016 to 2019,
and decreased due to the impact of the epidemic in 2020; Among them, 5 listed
companies have a leading position in innovation efficiency in the industry; The
innovation efficiency of listed companies in the western region is higher than
that in the eastern and central regions, but the average innovation efficiency of
listed companies in the three regions has not reached an effective state, and there
is still significant room for improvement. Secondly, from a dynamic perspective,
due to the decrease in scale efficiency and pure technological efficiency, the
overall innovation efficiency of listed companies in the energy-saving and envi-
ronmental protection industry decreased by 1% between 2016 and 2020; The
progress in innovation efficiency of listed companies in the central region is sig-
nificantly better than that of listed companies in the western and eastern regions,
temporarily in a leading position. Finally, the main influencing factors on the
innovation efficiency of listed companies in the energy conservation and envi-
ronmental protection industry are regional public budget revenue, the number
of universities in the region, and the number of employees with master’s degrees
or above in the company. Among them, there is a positive correlation between
regional public budget revenue and innovation efficiency, while there is a nega-
tive correlation between the number of universities in the region and the num-

ber of employees with master’s degrees or above and innovation efficiency.

5.2. Suggestions

5.2.1. Actively Adopting Epidemic Prevention and Control Measures

Listed companies in the energy conservation and environmental protection in-
dustry should establish an epidemic warning mechanism, actively obtain accu-
rate information related to the epidemic, conduct effective analysis of the com-
pany’s environment based on the collected information, identify potential risk
points, and use the company’s resources for risk management. When the epi-
demic occurs, all listed companies should immediately initiate emergency response
measures, promptly distribute protective equipment to all employees, strengthen
epidemic prevention and control publicity and education through various chan-
nels such as blackboard newspapers, bulletin boards, websites, WeChat, etc.,
guide employees to master prevention and control knowledge and skills, focus
on strengthening mask wearing and hand hygiene education, and guide em-
ployees to consciously reduce social gatherings, card games, and other gathering
activities. Once suspected symptoms are found in employees, they must imme-
diately report to relevant departments and contact an ambulance to transport
them to the nearest fever clinic for treatment, in order to prevent the spread of
the epidemic in the factory area. At the same time, listed companies should take
advantage of the advantages of mobile internet platforms and actively carry out

new and effective work modes such as remote work and home work, in order to
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minimize the losses caused by the epidemic on enterprise shutdown and produc-
tion. After the epidemic ended, all listed companies should timely summarize expe-
rience and lessons, comprehensively investigate the health status of employees,
timely implement epidemic prevention disinfection and sterilization measures,
strengthen health management, and resume work and production as soon as

possible under the condition of ensuring safety.

5.2.2. Reasonably Selecting Investment Scale and Optimizing Resource
Allocation

In response to the situation of low scale efficiency, listed companies in the ener-
gy conservation and environmental protection industry should choose a rea-
sonable and effective investment scale based on their own actual situation. For
situations where the return on scale is increasing, listed companies should ap-
propriately increase their financing efforts and expand their investment scale.
For situations where returns to scale are decreasing, listed companies should
appropriately reduce their investment scale to avoid blindly expanding their
investment scale. On the other hand, listed companies should enhance their
awareness of resource allocation, improve their management system for resource
allocation, gain insight into the changes in resource allocation concepts during
social development, adjust their own resource allocation plans in a timely man-
ner, and continuously update their allocation technologies. In the process of re-
source allocation, not only the work ability of employees should be considered,
but also their psychological state should be considered, and employees should be
arranged to suitable work positions to ensure their normal work efficiency. Fi-
nally, all listed companies should also make overall planning, conduct specific
analysis of the actual situation of each project, invest funds in projects with
higher output efficiency, maximize work efficiency, and improve innovation ef-

ficiency.

5.2.3. Improving the Innovation System

In response to the situation of low pure technological efficiency, listed compa-
nies in the energy conservation and environmental protection industry, as the
main body of innovation activities, should strengthen the cultivation of inde-
pendent innovation concepts, strengthen innovation training for employees, ex-
pand their innovative perspectives and ideas, provide employees with a fully free
innovation environment and good innovation conditions, enable employees to
actively unleash their innovation potential, and form a strong innovation culture
atmosphere. At the same time, we will invest in the construction of independent
innovation centers, improve basic research platforms, and create a group of in-
terdisciplinary research teams with relatively concentrated research directions,
strong complementarity, innovative capabilities, and research advantages. On
the other hand, it is necessary to enhance the integrated thinking ability, hori-
zontal expansion ability, and practical motivation of the research team, establish

a management mechanism for sharing interests, risks, and common develop-
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ment, optimize the personnel and organizational structure of the research team,
and improve the management mechanism of the research team. Each listed
company should also actively establish open and stable industry university re-
search cooperation relationships with higher education institutions and research
institutes, and carry out various forms of industry university research alliances
through achievement transfer, commissioned development, joint development,
joint construction of technology development institutions, and technology-based
enterprise entities, gradually forming an industry university research consortium
with listed companies as the main body and active participation of higher educa-
tion institutions and research institutes, Fully leverage the intellectual and talent
advantages of universities and research institutes to quickly improve the re-
search and development level of listed companies. Finally, each superior com-
pany should actively carry out the introduction and management of high-level
talents, strengthen the cultivation and use of talents with innovative spirit and
ability, create conditions to attract outstanding talents to participate in the com-
pany’s innovation work, and establish classified and phased reward and punish-
ment mechanisms based on the different positions of employees, to enhance the

enthusiasm of the entire company for innovation.

5.2.4. Strengthen Regional Cooperation between Listed Companies

The innovation efficiency of listed companies in the energy conservation and
environmental protection industry in the western region is higher than that of
listed companies in the central and eastern regions. The progress in innovation
efficiency of listed companies in the central region is higher than that of listed
companies in the western and eastern regions. Listed companies in each region
have their own advantages and disadvantages in innovation efficiency. There-
fore, listed companies in the three regions should break the boundaries between
regions, establish an industrial chain for regional innovation, formulate colla-
borative development strategies, clarify their respective functional positioning
and development advantages, fully consider the accumulation of regional inno-
vation factors, industrial development direction, and technological development
stage, gradually improve the regional innovation division of labor and resource
allocation framework, and promote the energy conservation and environmental
protection industries in the three regions in information, technology Exchange
of talents and other resources. At the same time, eliminate institutional barriers
that restrict the cross regional flow of innovation factors, reduce the cost of in-
novation factor flow, gradually achieve complementary advantages and technol-
ogy sharing, and improve the overall innovation efficiency of listed companies in

the energy conservation and environmental protection industry.

5.3. Shortcomings and Prospects

The shortcomings of this study are mainly reflected in the following aspects: 1)

In terms of indicator selection, there are still some indicators that can reflect in-
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put, output, and influencing factors that cannot be applied to the paper due to
the lack of data, resulting in a lack of comprehensiveness in indicator selection,
such as output indicators of social benefits and indicators of the degree of im-
portance that enterprises attach to innovation. 2) In terms of selecting listed
companies, due to the lack of data for some listed companies, only a portion of
listed companies in the energy-saving and environmental protection industry
can be selected during the research process on innovation efficiency and in-
fluencing factors of listed companies. 3) There are still shortcomings in the
depth of research. This article only focuses on the analysis of the innovation effi-
ciency and influencing factors of listed companies in the energy conservation
and environmental protection industry, and the interpretation of the underlying
reasons for the results is not deep enough, and further strengthening is needed.
Based on the limitations of the above research, future research on the innova-
tion efficiency and influencing factors of listed companies in the energy conser-
vation and environmental protection industry will select more listed companies
as research objects, and select more indicator data that can reflect innovation ef-
ficiency and influencing factors based on corresponding theories to construct a
scientific and complete evaluation system; Meanwhile, with the continuous up-
dating of empirical methods, research methods on innovation efficiency and in-
fluencing factors of listed companies in the energy-saving and environmental
protection industry will become more diverse, and the interpretation of empiri-

cal results will also be more in-depth and specific.
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