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A B S T R A C T   

Green, low-carbon circular economy and the development model of energy-saving and environ-
mental protection are emerging worldwide, and the world’s economies have taken the energy- 
saving and environmental protection industry as a strategic emerging industry to cultivate and 
develop. Coordinating finance and technological innovation is crucial to promoting the healthy 
development of Energy-Saving and Environmental Protection Enterprises (ESEPEs). According to 
industry classification, this paper divides 121 ESEPEs into 12 categories as research objects. 
Firstly, the DEA-SBM model is used to calculate financing efficiency (FE) and technological 
innovation efficiency (TIE). Subsequently, the changes in the two efficiencies are analyzed from 
the perspectives of time series, industry, and annual mean value, and the changes of the two 
efficiencies are analyzed from the perspectives of time series, industry, and annual average 
values. Secondly, through the coupling coordination degree (CCD) model, the development status 
of the coupling coordination between the two efficiencies is innovated expounded. Finally, the 
Tobit regression model is used to discuss the factors influencing CCD from the whole and industry 
perspectives. The results show that: (1) TIE is generally lower than FE, and FE shows a downward 
trend while TIE shows an upward trend. (2) CCD between the two efficiencies is Near dysfunction, 
and TIE restricts the development of CCD between the two efficiencies to a certain extent. (3) 
R&D intensity, enterprise size, and government subsidy intensity have a significant positive 
impact on CCD between FE and TIE of ESEPEs, while the impact of other factors is not significant.   

1. Introduction 

Promoting green and low-carbon development has become a global consensus. China bears a significant responsibility for energy 
conservation and reducing emissions. Governments are required to adopt more rigorous measures to attain their carbon peak and 
carbon neutrality targets [1]. In recent years, different industries and fields have conducted compelling explorations on carbon 
reduction measures and factors affecting carbon emissions [2–6]. Among them, ESEPE is the main body of green and low-carbon 
development and the critical support for achieving the goal of carbon peaking and carbon neutralization. Due to the characteristics 
of ESEPEs with significant investment funds, long return cycles, strong policy dependence, and low internal management and un-
reasonable capital structure, the vigorous development of energy saving and environmental protection industry is hindered [7]. On the 
other hand, government financial support is mainly used for energy-saving and environmental protection infrastructure, and the direct 
subsidy distribution is uneven. Equity financing and bank credit are more suitable for critical enterprises above the designated size. 
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The internal and external unfavorable factors lead to the dilemma of insufficient financial capital supply in ESEPEs, which becomes the 
biggest obstacle to the long-term sustainable development of ESEPEs [8]. 

2016 and 2021 are the beginning and end of the 13th Five-Year Plan, and introducing relevant policies provides new opportunities 
for energy-saving and environmental protection companies [9]. In 2016, the National 13th Five-Year Plan for Scientific and Tech-
nological Innovation was issued, which set forth the goals of “actively cultivating an open and transparent capital market with healthy 
development,” “increasing the proportion of direct financing,” and developing the capital market. The 14th Five-Year Plan of the 
People’s Republic of China’s National Economic and Social Development and the Outline of 2035 vision goals pointed out that the 
“14th Five-Year Plan” period to encourage enterprises to increase investment in research and development, support industrial standard 
basic technology research and development, improve the enterprise innovation service system. Throughout history, financial capital 
and technological innovation have coexisted and promoted each other, and the combination of the two is not “addition” but 
“multiplication." 

The coordinated development of finance and innovation is a crucial way to help China achieve the “double carbon” goal on 
schedule. Many studies have shown that science, technology, and innovation can contribute to financial development [10–13]. There 
is also a coupling relationship between financial capital and technological innovation. As the hub of social resource allocation, finance 
can provide financial support for technological innovation activities, financial tools, and institutional arrangements for avoiding and 
resolving innovation risks. In solving ecological problems, technological innovation can provide systematic solutions for accurate 
pollution control, scientific pollution control, and legal pollution control, enhance the scientific and accurate pollution control, and its 
innovation results will also bring returns to financial capital [14]. Therefore, when financial capital and technological innovation 
achieve coupling and coordinated development, it can promote energy-saving and environmental protection enterprises to explore 
more profound product value and play a vital role in the vigorous development of the energy-saving and environmental protection 
industry. 

FE and TIE are essential manifestations of the level of finance and innovation. The micro meaning of FE is the ability to create value 
for enterprises using integrated financial resources [15]. Zeng (1993) first proposed FE and analyzed seven factors affecting FE and cost 
[16]; Zheng (2004) proposed that FE is a necessary condition for economic growth and the source of sustainable development of 
enterprises [17]. At the same time, technological innovation is an essential driving force that promotes the upgrading of industrial 
structures and economic growth. TIE refers to the ratio of technological innovation input to output in a certain period, an important 
index reflecting the ability of enterprises to allocate innovation resources [18]. In the era of Carbon peaking and neutralization, many 
scholars have conducted in-depth discussions on environmental protection enterprises [19–24]. 

Efficiency evaluation can help enterprises find problems and clarify the direction of development. The evaluation methods of FE 
and TIE mainly include grey correlation analysis [8], entropy method [25], and data envelopment analysis (DEA) [26–28]. Grey 
correlation analysis has no requirement for sample size and irregular sample size, which makes up for the regret caused by mathe-
matical statistics. However, it is difficult to determine the optimal value of some indicators and needs to be more objective. The entropy 
method conforms to the mathematical law and has strict mathematical significance but often ignores the subjective intention of the 
decision-maker. The DEA method is a method used to measure organizational efficiency, and it can be used to evaluate the maximum 
output that an organization can achieve with limited resources. This method takes the input and output weights of decision-making 
units as variables and evaluates from the perspective that is most beneficial to decision-making units, thus avoiding determining the 
weights of each indicator in the sense of priority. At the same time, it does not have to determine some possible display relationship 
between input and output, which excludes many subjective factors, so it has strong objectivity. Charnes et al. (1978) proposed data 
envelopment analysis [29]. A variety of derived and unique DEA models are constantly developed and improved, which have a sig-
nificant impact on theory and application [30–33]. 

The CCD model can be used to analyze the level of coordinated development between finance and innovation, and the coupling 
degree (CD) can reflect the degree of interdependence and mutual restriction between systems. The coordination degree refers to the 
degree of benign coupling in the coupling interaction relationship, which can reflect the quality of coordination. Many scholars have 
applied the CCD model to conduct empirical studies [34–37]. In studies on factors affecting CCD, scholars usually adopt the Tobit 
regression model [38–40], and panel threshold regression models [41–43]. 

Based on the above research findings, scholars mainly discuss FE and TIE of enterprises separately or study CD of FE and tech-
nological innovation level, rarely combine the two efficiencies to analyze their CCD [44,45], and rarely mention the influencing factors 
of CCD. Therefore, this paper refers to the DEA-SBM and the CCD models adopted by Xu and Zhao (2020) in industrial enterprises’ 
production efficiency [46], innovation efficiency, and ecological efficiency. The Tobit regression model adopted by Zhang and Deng 
(2021) in the analysis of influencing factors of CCD evaluates and studies CCD of FE and TIE of energy-saving and environmental 
protection enterprises in China from 2016 to 2021 and its influencing factors [47]. It provides a decision-making reference for China’s 
ESEPEs to formulate more scientific and reasonable development countermeasures. This paper aims to use DEA-SBM, CCD, and Tobit 
models to answer some questions such as: (1) From 2016 to 2021, how about the FE and TIE of China’s ESEPEs? What are its evolution 
and characteristics? (2) What is CCD between FE and TIE of China’s ESEPEs? (3) What are the constraints and drivers of CCD in 
question (2)? 

Compared with previous studies, the marginal contributions of this paper are as follows: (1) From the perspective of research 
objects, on the one hand, most of the current studies on ESEPE focus on FE and investment efficiency without taking TIE into account, 
and there are few studies on CCD between the two efficiencies. On the other hand, at the research level, the existing research focuses on 
the division of macro-regions or the analysis of a specific industry. This paper starts from the perspective of enterprises and then 
classifies according to industry to explore CCD between FE and TIE of ESEPEs and its influencing factors, analyzes the influencing 
factors of CCD from the industry perspective to make the research more detailed and the analysis more comprehensive. (2) From the 
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perspective of research methods, the non-angle DEA-SBM model adopted in this paper effectively overcomes the errors caused by 
different angles in the traditional DEA model and the shortcomings of ignoring relaxation variables in the radial model. Combined with 
the CCD model, the span analysis from enterprises to industries is completed. Finally, the parameters of the influencing factors are 
calculated from the industry level through the Tobit regression model, and the result data is more accurate. 

In summary, the research framework of this paper is a systematic analysis of the development of ESEPES through the study of 12 
industry categories in 121 ESEPES. The specific research framework is shown in Fig. 1. 

Explanation of terms used in this paper: 
Financing efficiency (FE): It is the effectiveness and efficacy achieved by the company in financing its financial activities. 
Technological innovation efficiency (TIE): It refers to the input-output ratio of scientific and technological innovation behavior. 
Coupling degree (CD): The degree of association, perception and dependence between a module (class) and other modules (classes), 

which in this paper refers to the association between financing efficiency and STI efficiency. 
Coupling coordination degree (CCD): Used to describe the degree of consistency and effectiveness of interactions between parts of a 

system. 
The rest of this paper is organized as follows. Section 2 gives the research ideas and method model. Section 3 introduces indicators 

and data sources. Section 4 carries out empirical analysis and discussion. Section 5 provides policy recommendations. Finally, Section 
6 presents the conclusions and research gaps. 

2. Method 

2.1. Efficiency calculation: DEA-SBM model 

DEA is used to evaluate the relative efficiency of multi-input multi-output DMU. The CCR and BCC models belong to radial models, 
and the efficiency measurement requires that all inputs decrease in the same proportion or all outputs increase in the same proportion. 
When there is excessive input or insufficient output, when there is non-zero relaxation of input or output, the improvement of 
relaxation is not reflected in the efficiency measurement. Therefore, radial models tend to overestimate the efficiency of DMU. At the 
same time, there are only two kinds of input Angle or output Angle in the CCR model and BCC model, and the DEA model of Angle will 
inevitably ignore a particular aspect of input or output, which will have a specific impact on the results of efficiency evaluation. 
According to these shortcomings, the non-radial SBM model proposed by Tone (2001) successfully solved the problem of ignoring the 
relaxation variables in the efficiency evaluation process of the radial model [48]. The SBM model has a non-angle model, which can 
measure efficiency from two perspectives of input and output. The non-angle DEA-SBM model is as follows: 

SBM

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

min E =

1 −
1
m

∑m

i=1
s−i
/
xi0

1 +
1
s
∑s

r=1
s+r
/
yr0

s.t.X0 = Xjλj + S−

Y0 = Yjλj − S+

λj ≥ 0，S− ≥ 0，S+ ≥ 0，j = 1,2,…, n

(1) 

Fig. 1. Research framework.  
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In the formula, n represents the number of ESEPEs (DMU), X representing the input vector for each DMU, Y representing the output 
factor vector for each DMU, E represents the value of FE or TIE, m represents the number of input factor indicators, s represents the 
number of output factor indicators, s−i represents the relaxation variable of input factors, s+i represents the slack variable of output 
factors, λ Represents linear combination coefficient. 

2.2. Coupling relation: CCD model 

According to the values of FE and TIE, CD of FE and TIE is further established: 

C=

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

E1 × E2
[

E1+E2
2

]2

⎫
⎪⎪⎪⎬

⎪⎪⎪⎭

1
2

(2)  

In the formula, E1 is FE value for ESEPEs, E2 is TIE value for ESEPE. In order to avoid the defects caused by CD calculation, and further 
evaluate the coupling and coordinated development status of FE and TIE of ESEPE, CCD model is constructed on the basis of CD: 

T = αE1 + βE2
D =

̅̅̅̅̅̅
CT

√ (3) 

Among them, T is a comprehensive coordination index of E1 and E2, α, β ∈ (0，1) is the undetermined coefficient, represents the 
contribution of financing and technological innovation, and α+ β = 1. This paper is based on Du (2023) research [14], make α = E1/

(E1 + E2), β = E2/(E1 + E2). D represents CCD between FE and TIE, and CCD types are shown in Table 1. 

2.3. Influencing factors: Tobit regression model 

The Tobit model was put forward by American economist James Tobin in 1958, and it was initially an econometric model used to 
study the demand for durable consumer goods. CCD studied in this paper belongs to left-cut data, and using the general least square 
method may cause bias in parameter estimation. Hence, the Tobit model based on maximum likelihood estimation is the best choice for 
dealing with this data type. Therefore, in order to study the influencing factors of CCD between FE and TIE of ESEPE, a Tobit regression 
model was established: 

Dit = β0 + β1RDit + β2SCALEit + β3PGDPit + β4KFit + β5GSit + β6SQit + εit (4)  

In the formula, D for CCD between FE and TIE, i, t represent separately each enterprise and year, ε represents random error. The 
variable indicators of influencing factors are: R&D investment intensity (RD), enterprise size (SCALE), regional economic development 
level (PGDP), opening-up degree (KF), government subsidy intensity (GS) and financial environmental protection support intensity 
(SQ). 

This section introduces the DEA-SBM model used in the efficiency study, the coupling coordination degree model, the Tobit 
regression model used in the influencing factors, the reasons for using the model, and the specific formula. 

3. Index system design and data source 

3.1. Index system design 

The selection method of indicators is based on the principles of accessibility, rationality, and pertinence. Selection of indicators to 
meet two primary conditions: (1) Selected input and output indicators are positive, there can be no negative or zero, to prevent the 

Table 1 
Types of CCD between FE and TIE.  

CD C CD level CCD D type CCD level 

0 < C ≤ 0.3 Low level coupling 0–0.09 I Extreme disorder 
0.10–1.19 II Serious disorder 
0.20–0.29 III Moderate disorder 

0.3 < C ≤ 0.5 antagonism 0.30–0.39 IV Mild disorder 
0.40–0.49 V Near dysfunction 

0.5 < C ≤ 0.8 running-in 0.50–0.59 VI Barely coordination 
0.60–0.69 VII Primary coordination 
0.70–0.79 VIII Intermediate coordination 

0.8 < C ≤ 1 High level coupling 0.80–0.89 IX Good coordination 
0.90–0.99 X High quality coordination 

Note: FE for financing efficiency, TIE for technological innovation efficiency, CD for coupling degree, CCD for Coupling coordination degree. 
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measurement results from being wrong. (2) Selected input and output indicators and the sum of the decision-making unit should be less 
than two times to prevent the efficiency of the value of the overestimation. In this paper, the number of decision-making units is 121, 
and the maximum sum of the number of indicators is 6, which aligns with the premise assumptions. The indicators are selected from 
the perspectives of input and output and refer to the method of [7,49] to establish an evaluation index system for FE and TIE of ESEPE. 
The specific indicators are shown in Table 2.  

(1) Evaluation indicators for FE 

Starting from the perspective of financing channels, this paper selects two types of external financing, namely debt financing and 
equity financing, which can objectively and directly reflect the scale of integrated funds and the flow and utilization of the financing 
funds. Input indicators include total liabilities, cash outflows from financing activities, and owner’s equity. Total liabilities reflect the 
scale of funds enterprises raise through operating liabilities or credit and can also measure the impact of debt capital on the FE of 
enterprises. Cash outflow from financing activities includes the amount of cash enterprises spend on dividend distribution, profit 
distribution, and other activities related to raising funds. Total owner’s equity refers to the equity value owned by the enterprise owner 
after deducting the creditor’s equity of the enterprise’s assets, reflecting the scale of funds obtained by the enterprise through equity 
financing. 

The output indicators of FE are selected from enterprises’ profitability, operation ability, and growth ability, respectively, including 
return on equity, total asset turnover, and operating revenue. The return on equity is the ratio of the net profit after tax to the en-
terprise’s net assets, reflecting the enterprise’s ability to obtain the final return by allocating funds. The total assets turnover ratio is the 
percentage of the net operating income and the total assets of the enterprise in the current year, and the total assets turnover ratio can 
evaluate the utilization effect of the funds raised by the enterprise in research and development, production, and management ac-
tivities. Operating revenue refers to the amount of capital that an enterprise obtains through normal business operations and other 
ways, which indicates the ability of an enterprise to obtain income through daily production and operation projects.  

(2) Evaluation indicators for TIE 

In the innovation process, R&D investment, capital input, and labor input are the most essential input factors. Investment indicators 
include R&D investment amount, R&D personnel, and proportion of R&D personnel. Among them, the amount of R&D investment 
refers to the cost of the enterprise in the process of new product development and new technology research. The number of R&D 
personnel can reflect the investment cost of human resources in technological innovation activities, and represent the investment 
intensity of enterprises in technological innovation activities. The proportion of R&D personnel reflects the intensity of R&D personnel 
input. 

The final output of technological innovation is the economic benefit brought by the innovation results. Output indicators include 
net profit and intangible assets. Among them, net profit refers to the profit after excluding taxes and fees; Intangible assets measure 
enterprises’ technological innovation and transformation ability.  

(3) Variable indicators of influencing factors 

This paper refers to the practice of Li and Zhong (2021) and analyzes the influencing factors of CCD between FE and TIE from three 
aspects: enterprise, government, and market [50]. Select R&D investment intensity and enterprise size at the enterprise level. Select 
regional economic development level and the degree of opening to the outside world at the market level. At the government level, 
choose government subsidy intensity and financial support for environmental protection. Specific variable indicators are shown in 
Table 3. 

Table 2 
Evaluation index system of FE and TIE of ESEPEs.  

System layer Criterion layer Indicator layer explain 

FE Input variable Total liabilities Utilization of debt financing funds 
Cash outflows from financing 
activities 

Dividends payable + interest payable + finance expenses 

Total owners’ equity Undistributed income + paid-in capital 
Output 
variable 

Return on equity Net profit/net assets 
Total Asset turnover Current year’s operating revenue/average total assets 
operating revenue Main business income + other business income 

TIE Input variables R&D investment amount Total investment in enterprise innovation activities 
R&D personnel Number of R&D personnel in the enterprise 
Proportion of R&D personnel R&D personnel as a percentage of total employees 

Output 
variable 

Net profit Profit after deducting taxes and fees 
intangible assets Technological innovation and transformation capability of foreign-funded 

enterprises 

Note: FE for financing efficiency, TIE for technological innovation efficiency. 
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3.2. Data sources 

Due to the lack of clear industry classification standards for ESEPE in China, these enterprises are mostly scattered across various 
industries. This paper selects all the components of the concept of energy conservation and environmental protection in East money 
network. Excluding enterprises with incomplete data on individual indicators, 121 ESEPEs were selected as sample enterprises. Ac-
cording to the industry code in the industry classification results of listed companies in the third quarter of 2021 revised by the China 
Securities Regulatory Commission, 121 ESEPE are divided into 12 categories, including ecological protection and environmental 
governance industry, civil engineering construction industry and water production and supply industry, as the research object of this 
paper. The classification results are shown in Table 4. The input-output data of enterprises in this paper come from Guo Taian Database 
(CSMAR) and annual reports of enterprises. The variable index data of influencing factors of CCD were obtained from China Statistical 
Yearbook and China Science and Technology Statistical Yearbook. 

4. Empirical analysis 

4.1. Research on FE and TIE 

4.1.1. Analyzing from a temporal perspective 
The values of FE and TIE of ESEPE from 2016 to 2021 are calculated according to formula (1), as shown in Table 5. 
According to Table 5, FE values of C1, C3, C4, C5, C6, C7, C9, and C11 industries decreased during fluctuations, while the other 

industries showed an upward trend of fluctuations. Among them, the C12 industry increased significantly, with an FE value of 0.270 in 
2016 and 0.370 in 2021. The C7 industry has a large decline, the FE value in 2016 was 0.569, and in 2021, the FE value dropped to 
0.267, a decrease of 53.1 %. In terms of TIE, C1, C24, C3, C4, C5, C6, C7, C8, C10, C11 and C12 industries increased in the fluctuation, 
and only C9 industry showed a downward trend. Among them, the C1 industry shows a straight upward trend; the value of TIE in 2016 
was 0.012, and the value of TIE in 2021 rose to 0.071. The value of TIE in the C9 industry showed a downward trend in 2016–2019 and 
rapid growth in 2019–2021, but the overall decline was 11.2 %. In general, although the TIE value of ESEPE is smaller than the FE 
value, the TIE of most industries shows a significant growth trend, indicating that the development prospect of technological inno-
vation in various industries is good. 

4.1.2. From an industry perspective 
Fig. 2 is drawn according to the average FE and the average TIE of each industry. 
As can be seen from Fig. 2, the average FE of C1, C2, C3, C4, C5, C6, C7, C10, C11, and C12 industries is higher than the average TIE, 

and the average TIE of C8 and C9 industries is higher than the average FE. The average FE of computer, communication, and other 
electronic equipment manufacturing industry C6 is the highest, and the average TIE is the lowest. With the continuous development of 
high-tech, the life cycle of electronic products is gradually shortening, accelerating the replacement of electronic products. The in-
vestment income of the computer, communication, and other electronic equipment manufacturing industries in China has increased 
yearly, improving the average FE of this industry. However, the design and manufacturing processes of electronic industrial products 
are more complex and related to many technological fields. The shortage of high-skilled talents and the cognition level and ability of 
Chinese enterprises to protect intellectual property rights are relatively backward, resulting in the average TIE in this industry is lower 
than that of other industries. 

The water production and supply industry C9 has the lowest average FE and the highest average TIE. Enterprises in this industry are 
highly decentralized. Local enterprises have low management levels and poor profitability, and a significant positive correlation exists 
between profitability and FE [51]. Compared with other industries, the water production and supply industry does not have high 
requirements for research and development investment intensity, nor does it belong to high-tech industries. With the deepening of the 
market-oriented reform of China’s water production and supply industry and the opening of the policy, the water market has gradually 
developed from state-owned enterprises to state-owned enterprises, private enterprises, and foreign enterprises. The intensity of R&D 
investment with low requirements and the sound development trend of the water market makes the average TIE in this industry higher 
than in other industries. 

4.1.3. From the perspective of annual mean value analysis 
Fig. 3 is drawn according to the annual average of FE and TIE of ESEPEs. 

Table 3 
Variable index of influencing factors of CCD.  

level Measurement factors Specific indicators symbol 

Enterprise R&D investment intensity R&D expenses/total assets RD 
Enterprise size Pairs of total assets of the enterprise SCALE 

Market Regional economic development level The ratio of GDP to the total number of permanent residents PGDP 
Level of openness to the outside world The proportion of total import and export to GDP KF 

Government Government subsidy intensity Government subsidy GS 
Financial support for environmental protection Financial environmental protection expenditure SQ  
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Table 4 
Classification results of 121 ESEPEs.  

Serial number Industry name symbol 

1 Chemical raw material and chemical product manufacturing industry C1 
2 General equipment manufacturing C2 
3 Special Equipment Manufacturing Industry C3 
4 automotive industry C4 
5 Electrical machinery and equipment manufacturing industry C5 
6 Computer, communication, and other electronic equipment manufacturing industry C6 
7 Instrument manufacturing industry C7 
8 Electricity, thermal production and supply industry C8 
9 Water production and supply industry C9 
10 Civil engineering and construction industry C10 
11 Ecological protection and environmental governance industry C11 
12 other C12 

This section describes the establishment of the indicator system, the explanatory notes of the specific indicators, the data sources, and the results of 
the classification of the research subjects. 

Table 5 
Value of FE and TIE of ESEPEs from 2016 to 2021.  

Industry Efficiency value 2016 2017 2018 2019 2020 2021 

C1 E1 0.400 0.403 0.320 0.232 0.252 0.284 
E2 0.012 0.023 0.036 0.038 0.057 0.071 

C2 E1 0.250 0.266 0.317 0.227 0.317 0.287 
E2 0.020 0.031 0.031 0.043 0.047 0.044 

C3 E1 0.368 0.269 0.291 0.268 0.268 0.253 
E2 0.045 0.050 0.086 0.074 0.089 0.089 

C4 E1 0.438 0.492 0.394 0.283 0.264 0.360 
E2 0.129 0.225 0.248 0.245 0.257 0.177 

C5 E1 0.414 0.368 0.349 0.334 0.374 0.310 
E2 0.080 0.063 0.080 0.119 0.083 0.127 

C6 E1 0.548 0.393 0.573 0.477 0.307 0.475 
E2 0.007 0.008 0.013 0.012 0.024 0.020 

C7 E1 0.569 0.564 0.542 0.420 0.376 0.267 
E2 0.013 0.019 0.015 0.019 0.019 0.025 

C8 E1 0.204 0.244 0.191 0.169 0.123 0.212 
E2 0.118 0.314 0.268 0.152 0.252 0.145 

C9 E1 0.116 0.143 0.203 0.084 0.092 0.066 
E2 0.662 0.494 0.406 0.356 0.369 0.588 

C10 E1 0.203 0.259 0.156 0.262 0.292 0.282 
E2 0.100 0.046 0.086 0.114 0.105 0.109 

C11 E1 0.216 0.215 0.179 0.212 0.146 0.195 
E2 0.059 0.091 0.105 0.101 0.097 0.116 

C12 E1 0.270 0.328 0.282 0.323 0.270 0.370 
E2 0.030 0.073 0.077 0.061 0.089 0.089 

Note: E1 is the value of financing efficiency, E2 is the value of technological innovation efficiency.  

Fig. 2. Average FE and TIE of 12 industry categories.  
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As seen in Fig. 3, the annual mean value of FE and TIE of ESEPEs is consistent, and the annual mean value of TIE lags behind the 
annual mean value of FE. Specifically, from 2016 to 2021, the annual average of TIE of ESEPEs has been maintained within the range of 
0.1–0.2, and the annual average of TIE in 2016 was 0.106. The annual average of TIE in 2021 was 0.133, showing an upward trend, and 
the increase rate is negligible. From 2016 to 2018, the average annual FE of ESEPEs was maintained in the range of 0.3–0.4, and from 
2019 to 2021, it has been maintained in the range of 0.2–0.3. The average annual FE in 2016 is 0.333, and the average annual TIE in 
2021 is 0.280, 1.1 times that of 2020. However, the overall trend is downward. The average annual TIE was relatively stable but 
slightly increased. After a brief decline from 2018 to 2019, the annual average of FE began to increase in 2020, and the growth rate was 
relatively large. 

4.2. Research on CD and CCD 

4.2.1. From a temporal perspective 
According to formulas (2) and (3), CD and CCD of FE and TIE of ESEPEs from 2016 to 2021 are calculated, as shown in Table 6. 
According to Table 6, the CD between FE and TIE of C9 and C10 industries decreased from 2016 to 2021 by 11 % and 4 %, 

respectively, while the remaining industries showed an upward trend. Among them, the C1 industry increased significantly, CD in 
2016 was 0.337, and CD in 2021 rose to 0.799, an increase of 137.3 %, and CD level rose from the antagonistic stage to the running-in 
stage. C8 and C11 industries fluctuate more smoothly, rising by 2 % and 17.7 % from 2016 to 2021, and the CD level has been at a high 
coupling stage. Regarding CCD, C3, C4, C5, C7, and C9 industries showed a downward trend, while the others showed an upward 
trend. Among them, the C12 industry increased significantly, CCD was 0.385 in 2016, and CCD rose to 0.499 in 2021, 29.6 %. CCD of 
the C9 industry decreased from 0.643 to 0.489 from 2016 to 2019, the CCD level increased from 0.489 to 0.568 from 2019 to 2021, and 
the CCD level increased from near to barely coordinated. The reason is that the value of TIE in the C9 industry showed a downward 
trend in 2016–2019 and rapid growth in 2019–2021. 

4.2.2. From the perspective of annual mean value analysis 
Fig. 4 shows the annual mean value of CD and CCD between FE and TIE from 2016 to 2021. 
As shown in Fig. 4, CD and CCD of FE and TIE of ESEPEs show a promising trend of rising from 2016 to 2021, and CCD rises slowly. 

The slight decline in the CCD in 2017–2019 was caused by the decline in FE of ESEPEs in 2017–2019, and it rose slowly in the rest of 
the years. From 2016 to 2021, the CD between the FE of ESEPEs and TIE changed from 0.6 to 0.8. According to Table 1, CD between FE 
and TIE has always been in the running-in stage. From 2016 to 2021, the CCD between FE of ESEPEs and TIE changed from 0.4 to 0.5. 
According to Table 1, CCD between FE and TIE has been Near Dysfunction, so CD between FE and TIE of ESEPEs is not optimistic. Since 
the TIE of ESEPEs lags behind FE, CD between them can be further enhanced by improving TIE. 

4.3. Research on factors influencing CCD 

In this section, the paper uses the Tobit regression model to explore the influencing factors of CCD, and the specific steps are shown 
in Fig. 5. 

4.3.1. From a holistic perspective 
According to the Tobit model, the SPSSPRO data analysis platform was used to conduct regression analysis on the influencing 

factors of CCD between FE and TIE of ESEPEs, the p-value in the results of the likelihood ratio test of the model is 0.000***, thus the 
model is valid. The analysis results are shown in Table 7. 

It can be seen from Table 7 that the intensity coefficient of R&D input is positive and passes the significance test. It shows that the 
more R&D investment, the higher CCD between FE and TIE. For every increase of R&D investment intensity of 1 unit, CCD increases by 
0.126 units, and the impact effect is weak. According to statistics, most of the R&D investment intensity of enterprises from 2016 to 

Fig. 3. Annual mean value of FE and TIE of ESEPEs from 2016 to 2021.  
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2021 is below 5 %. Therefore, even if the R&D investment intensity has a promoting effect on CCD, when the R&D investment intensity 
is low, the effect is not apparent. Therefore, enterprises can continue to promote the development of coupling coordination between 
the two efficiencies by increasing research and development investment intensity. 

The enterprise scale coefficient is positive and passes the significance test. It shows that the larger the enterprise’s total assets, the 
higher the CCD between FE and TIE. For every increase of one unit of enterprise scale, CCD increases by 0.242 units. Compared with 
the R&D investment intensity, the impact is more significant. Large-scale enterprises have advantages in financial management, 
optimizing capital structure, and strengthening modern enterprise systems, which is conducive to improving the FE of enterprises. On 
the other hand, by attracting talent and introducing technology, large-scale enterprises can occupy market share faster to obtain more 
profits to bring returns to financial capital and promote CCD of FE and TIE. 

There is a negative correlation between the regional economic development level and CCD. The higher the regional economic 
development level, the lower CCD between FE and TIE of ESEPEs. Every time the regional economic development level is increased by 
1 unit, CCD is reduced by 0.032 units, indicating that the regional economic development level is an obstacle to CCD, but the effect is 
insignificant. This is similar to the conclusions of [52,53]. The reason may be that in recent years, economic development is mainly 
tilted towards infrastructure construction and improving residents’ living standards. When the regional economic development level is 
high, the funds initially used for scientific and technological innovation modules flow to other fields. It also further shows that from 
2016 to 2021, the level of regional economic development is, to a certain extent, at the cost of obstructing CCD between corporate FE 

Table 6 
CD and CCD of FE and TIE of ESEPEs from 2016 to 2021.  

industry index The year 2016 The year 2017 The year 2018 The year 2019 The year 2020 The year 2021 

C1 C 0.337 0.452 0.603 0.697 0.778 0.799 
D 0.362 0.416 0.419 0.378 0.409 0.439 

C2 C 0.524 0.615 0.566 0.734 0.671 0.679 
D 0.349 0.385 0.406 0.381 0.435 0.416 

C3 C 0.621 0.725 0.839 0.824 0.866 0.877 
D 0.455 0.413 0.452 0.432 0.440 0.429 

C4 C 0.837 0.928 0.974 0.997 1.000 0.940 
D 0.555 0.616 0.574 0.514 0.510 0.531 

C5 C 0.737 0.708 0.781 0.880 0.772 0.908 
D 0.515 0.478 0.483 0.494 0.498 0.483 

C6 C 0.220 0.280 0.297 0.311 0.519 0.392 
D 0.345 0.329 0.408 0.381 0.386 0.423 

C7 C 0.300 0.358 0.325 0.408 0.427 0.555 
D 0.408 0.442 0.414 0.405 0.391 0.370 

C8 C 0.963 0.992 0.986 0.999 0.939 0.982 
D 0.408 0.530 0.482 0.401 0.444 0.426 

C9 C 0.713 0.835 0.943 0.786 0.800 0.603 
D 0.643 0.589 0.565 0.489 0.501 0.568 

C10 C 0.940 0.713 0.958 0.919 0.883 0.896 
D 0.399 0.402 0.354 0.447 0.463 0.458 

C11 C 0.821 0.915 0.965 0.935 0.979 0.967 
D 0.387 0.403 0.383 0.406 0.352 0.400 

C12 C 0.604 0.771 0.822 0.733 0.863 0.790 
D 0.385 0.466 0.442 0.454 0.441 0.499 

Note: C is the degree of coupling, D is the degree of coupling coordination.  

Fig. 4. Annual mean values of CD and CCD from 2016 to 2021.  
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and TIE. 
The degree of opening to the outside world is positively correlated with CCD. The greater the degree of opening to the outside 

world, the higher the CCD of FE and TIE. For every increase of 1 unit of opening to the outside world, CCD increases by 0.033 units, 
indicating that the degree of opening to the outside world promotes the coupling and coordinated development, but the effect is 
insignificant. In strengthening foreign trade and attracting foreign capital, enterprises can promote their structural reform, upgrade 
their operation and management systems to a certain extent, and improve the CCD of enterprise FE and TIE from within enterprises. 

The intensity coefficient of government subsidy is positive and passes the significance test. It shows that the greater the intensity of 
government subsidy, the higher CCD between FE and TIE. With every increase of 1 unit of government subsidy intensity, CCD increases 
by 0.370 units. From the statistical data, the intensity of government subsidies from 2016 to 2021 is not significant. However, the 
promotion effect on CCD is evident, indicating that the government encourages enterprises to transform significantly, and the gov-
ernment subsidies have been effectively played. 

There is a negative correlation between the degree of fiscal environmental protection support and CCD—the greater the fiscal 
environmental protection support, the lower the CCD of enterprises’ FE and TIE. For every increase of one fiscal environmental 
protection support unit, CCD will decrease by 0.021 units. Similar to the level of regional economic development, the intensity of fiscal 
environmental protection support has a hindering effect on CCD, and the effect is also insignificant. This shows that fiscal, environ-
mental protection expenditure has not brought good development to ESEPE. On the contrary, due to insufficient financial support for 
environmental protection, vicious competition among enterprises may result in the overall decline of enterprise FE and TIE, which 
hinders the development of coupling and coordination between the two efficiencies. Regarding coefficient values, the intensity of 
government subsidies has the most significant effect on CCD, and the degree of openness to the outside world has a minor effect on 
CCD. 

4.3.2. From the perspective of industry analysis 
According to the Tobit model, regression analysis is carried out on the influencing factors of CCD between FE and TIE of 12 in-

dustries, respectively. At the significance level of 5 %, the regression coefficient of influencing factors is shown in Fig. 6. 
As can be seen from Fig. 6, R&D investment intensity is positively correlated in C3, C4, C5, C10, C11, and C12 industries and 

negatively correlated in C9. The C4 coefficient value of the automobile manufacturing industry is the largest; that is, the CCD of FE and 

Fig. 5. Tobit regression analysis flowchart.  

Table 7 
Regression results of influencing factors of CCD.  

indicators coefficient Standard error t-value P-value 

RD 0.126 0.047 2.670 0.008*** 
SCALE 0.242 0.034 7.015 0.000*** 
PGDP − 0.032 0.033 − 0.955 0.340 
KF 0.033 0.032 1.048 0.295 
GS 0.370 0.057 6.504 0.000*** 
SQ − 0.021 0.029 − 0.719 0.472 
c 0.233 0.020 11.883 0.000*** 

Note1: ***, ** and * represent significance levels of 1 %, 5 % and 10 % respectively. 
Note2: RD is the intensity of R&D investment, SCALE is the size of enterprises, PGDP is the level of regional economic development, KF is the degree of 
openness to the outside world, GS is the intensity of government subsidies, and SQ is the strength of financial and environmental support. 
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TIE of the automobile manufacturing industry is most affected by the intensity of R&D investment. Enterprises in the automobile 
manufacturing industry have invested huge funds and workforce in research and development activities and gradually become an 
essential carrier of social and technological innovation [54]; Du’s empirical research on R&D investment and innovation performance 
in China’s automobile manufacturing industry also shows that R&D investment has a significant positive effect on innovation per-
formance [55]. When the intensity of R&D investment increases, it can provide the fundamental guarantee for the innovation activities 
of enterprises, which is conducive to improving the innovation activities of enterprises and then improving CCD from the aspect of TIE. 
The coefficient value of C9 in the water production and supply industry is negative, indicating that the higher the R&D investment 
intensity in the water production and supply industry, the lower the CCD of enterprise FE and TIE. According to the analysis of Fig. 2, 
the average TIE in the water production and supply industry is the highest, and further increasing the intensity of R&D investment may 
lead to the problem of unequal resource distribution. In addition, the water production and supply industry is facing resource shortage 
problems and insufficient investment, and enterprises should pay more attention to improving their competitive advantages in in-
vestment [56]. 

Enterprise scale is positively correlated in C2, C4, and C12 industries. The larger the enterprise scale, the greater the CCD between 
FE and TIE. The parameter value of C12 in other industries is the largest, indicating that for most industries, the larger the enterprise 
scale, the higher CCD between FE and TIE. In C11 industries, the level of regional economic development is positively correlated, while 
in C1 and C9 industries, it is negatively correlated. Among them, CCD of ecological protection and environmental governance industry 
C11 increases with regional economic development level improvement. As can be seen from Fig. 2, the average TIE of the ecological 
protection and environmental governance industry is lower than that of FE. In regions with higher levels of regional economic 
development, the stronger the allocation ability of market resources and the residents’ demand for green environmental protection 
products, the better the external development environment for environmental protection enterprises can be provided, the better the 
green technology innovation ability of enterprises can be promoted. Meanwhile, the difference between TIE and FE can be made up, 
and the CCD can be improved [57]. 

In the C9 industry, the degree of openness to the outside world is positively correlated. The greater the openness to the outside 
world, the greater the CCD between FE and TIE. In C5, C10, and C11 industries, the intensity of government subsidies is positively 
correlated, and the coefficient value of C5 in the electrical machinery and equipment manufacturing industry is the largest, that is, the 
CCD of FE and TIE in the electrical machinery and equipment manufacturing industry is the most affected by the intensity of gov-
ernment subsidies. The electrical machinery and equipment manufacturing industry is low frequency, high requirements, long service 
cycle industry, and service quality is difficult to control, resulting in frequent quality problems. Suppose the government controls and 
increases the intensity of government subsidies. In that case, it can also make good development guidelines for the electrical machinery 
and equipment manufacturing industry while alleviating the limitations of the industry itself and the problem of service disorder. In 
the C3 industry, fiscal environmental protection support intensity is negatively correlated. The greater the intensity of fiscal envi-
ronmental protection support, the lower the CCD between enterprises’ FE and TIE. 

This section explains the details of the study case. It analyses the financing efficiency and scientific and technological innovation 
efficiency of energy-saving and environmental protection enterprises from the perspectives of time series, industry, and annual 
average; analyzes the coupling coordination degree from the perspectives of time series and annual average; and analyses the influ-
encing factors of the coupling coordination degree from the perspectives of the whole and the industry. 

5. Recommendations 

The Energy-saving and environmental protection industry is an industry that provides technical basis and equipment guarantee for 
saving energy and resources, developing a circular economy, and protecting the environment. With the continuous and rapid 
development of China’s economy and the deepening of urbanization and industrialization, the contradiction between economic 
development and environmental protection is becoming increasingly apparent, and the state attaches more and more importance to 
energy-saving and environmental protection. According to the above conclusions, the following targeted suggestions are provided for 
the feasible path to promote the healthy development of ESEPEs. 

(1) Optimize the industrial structure, strengthen the modern enterprise system, and improve FE. In ESEPEs, the FE of most in-
dustries shows a downward trend. Therefore, at the enterprise level, we should make full use of all available funds and 
strengthen financial management, especially the management of accounts receivable and cash, to increase cash flow and 
improve the scale of internal financing. Starting from the two aspects of optimizing the capital structure and strengthening the 
modern enterprise system, we should give play to our industry advantages to attract investment institutions and improve FE. In 
terms of policy, it is necessary to establish the negative list system, power list system, and responsibility list system of enterprise 
investment project management, Break industrial and regional barriers, and departmental monopolies, and cut off the exciting 
relationship between intermediary service agencies and government departments. From the supply side, we were targeted to 
reduce investment and financing costs and solve investment and financing problems.  

(2) Optimize the allocation of technological resources, improve innovation capacity, and promote the coordinated development 
between financing and technological innovation. The innovation ability of China’s ESEPEs is not strong, and the energy-saving 
and environmental protection technology innovation system with enterprises as the main body still has room for improvement. 
For enterprises, technology is the constant competitiveness. Through the integration of new technologies and new industries, 
the formation of new models and new industries will promote the development of energy-saving and environmental protection 
industries. Enterprises should firmly grasp the relevant opportunities, achieve breakthroughs in key technology links, and 
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eliminate dependence on imports of essential equipment as soon as possible. The government should increase the leading role of 
enterprises in the allocation of innovation resources and give full play to the leading role of enterprises in technological 
innovation decision-making, research and development investment, scientific research organization, and the transformation 
and application of achievements. Improve the enterprise R&D assessment system, determine uniform standards, fair compe-
tition, and other regulations, make up for the shortcomings of the system, and consider including R&D expenditures in the scope 
of performance assessment to incentivize and guide enterprises to invest more in R&D. Improve the incentive policy for 
technological innovation, truly realize open innovation, open cooperation, and open win-win, improve the social environment, 
and promote the balanced development between financing and technological innovation.  

(3) Increase government subsidies, seize investment opportunities, and guide the healthy development of the industry. China’s 
energy-saving and environmental protection industry has a short time, small-scale participating enterprises, low industrial 
concentration, and weak leading enterprises. Although many laws and regulations are related to energy-saving and environ-
mental protection in China, the system has not been established, and the price reform of resource products and environmental 
protection charges have not been finalized. The government should continue to establish a “package” policy system in terms of 
industrial protection, talent support, fiscal and tax relief, actively regulate the development of the industry, form effective 
industry standards and access thresholds, increase the intensity of subsidies for ESEPEs, and form an influential guiding role. 
Investment institutions should rationally grasp the opportunity in different segments of the industrial chain, start to lay out 
start-up enterprises and more mature enterprises with high technical barriers, significant market share, and transparent profit 
model, vigorously support the R&D investment of enterprises, improve the independent innovation ability of enterprises, and 
expand the scale of enterprises. 

This paper provides suggestions from enterprises, governments, investment institutions, etc. At the micro level, it broadens the 
financing channels of energy-saving and environmental protection enterprises, promotes enterprises’ internal structural adjustment, 
and strengthens enterprises’ ability to gather innovative resource elements, thus effectively promoting the rapid and healthy devel-
opment of enterprises. At the macro level, China’s ecological civilization construction has entered a critical period to promote the 
comprehensive green transformation of economic and social development and achieve quantitative to qualitative changes in 
improving ecological environment quality. Energy-saving and environmental protection enterprises are the main body of green and 
low-carbon development, sound enterprise financial and scientific and technological innovation system, and energy-saving and 
environmental protection enterprises to flourish and promote China’s high-quality economic growth, which is of great practical 
significance. 

6. Conclusions 

The coordinated development of finance and innovation is a critical way to help achieve the goal of “two-carbon.” In this paper, 
through the construction of financing efficiency and scientific and technological innovation efficiency evaluation index system, the 
DEA-SBM model is used to calculate the financing efficiency and scientific and technological innovation efficiency, and the coupling 
coordination degree model is used to calculate the level of coordinated development between the two, and the Tobit regression model 
is further used to analyze the influencing factors of the degree of coupling coordination. The results show that the annual mean value of 
FE and TIE of ESEPEs is the same, and the annual mean value of TIE lags behind the annual mean value of FE. The FE value of most 
industries shows a downward trend, indicating that the financing situation of various industries is not good. Although the TIE value of 
most industries is smaller than the FE value, the TIE value has an apparent growth trend, indicating that the development prospect of 
technological innovation in various industries is good. Through CCD analysis, is believed that the CD between the two efficiencies is 
not high. Furthermore, combined with the Tobit regression model to analyze the influencing factors, the impact of R&D investment 
intensity, enterprise size, and government subsidy intensity on the CCD of FE and TIE of ESEPEs is significantly positive, and the 

Fig. 6. Values of regression coefficients of influencing factors across industries at a 5 per cent level of significance.  

J. Li et al.                                                                                                                                                                                                                



Heliyon 10 (2024) e32309

13

coefficient value of government subsidy intensity is the largest. It is believed that the intensity of government subsidies can be 
strengthened to improve the coordinated development of the two efficiencies. 

Although the research has obtained considerable results, there are still some limitations: (1) This paper does not consider the 
potential impact of individual enterprise characteristics such as management quality, organizational culture, and strategy, which may 
impact financing and technological innovation efficiency. These influencing factors are included in the scope of the subsequent 
research. (2) At present, this study is limited to the study of ESEPEs in China, and the future study will promote the research method 
and extend it to other countries and industries. 
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