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Abstract: Vehicle industry has made great contribution to human progress. However, in the process of 5 

vehicle operation, a large number of carbon compounds are emitted, which brings serious environmental 6 

problems. As one of the important means of vehicle carbon emission governance, the development of new 7 

energy vehicles(NEVs) has attracted much attention. The behavior and performance of NEV enterprises are 8 

highly concerned. Using Chinese 23 NEV vehicle enterprises’ data from 2011 to 2018, this paper evaluates 9 

the carbon emission performance with the super-efficiency slacks-based measure (SE-SBM) model based on 10 

unexpected output, and then constructs STIRPAT model to analyze the influencing factors of carbon emission 11 

performance. The results indicate that, firstly, the carbon emission performance of China’s NEV enterprises is 12 

not ideal at present, but it is increasing year by year. Secondly, the carbon emission performance of different 13 

NEV enterprise is distinct in the same year, and the carbon emission performance of the same NEV enterprise 14 

is distinct in different year. Thirdly, technological innovation, government support and free cash flow have 15 

significant positive impact on the carbon emission performance of NEV enterprises, while debt constraint, 16 

energy intensity and enterprise size have a significant negative impact on the carbon emission performance of 17 

NEV enterprises. 18 
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1. Introduction 21 

The development of vehicle industry has caused serious environmental problems. As we all know, road 22 

transportation is the main source of greenhouse gas emissions and air pollution (Bonsu, 2020). According to a 23 

recent study on Beijing, more than 80% of carbon compounds in the air come from vehicle emissions. For the 24 

survival and development of human beings, it is imperative to reduce the carbon emissions in the process of 25 

vehicle operation. Due to the strong mobility of vehicle operation, the exhaust gas purification technology has 26 

little effect. Vehicle carbon emission governance must be considered from the source of production. However, 27 

considering the importance of vehicle industry to human society, all countries in the world can’t give up 28 

developing vehicle industry. Developing new energy vehicle (NEV) becomes the preferred strategy for 29 

countries to realize low-carbon economic development of vehicle industry (Rehermann et al., 2018). 30 

The view that NEVs can effectively reduce vehicle carbon emissions by replacing traditional vehicles 31 

supported by many scholars at home and abroad. DeLuehi et al. (1989) concluded that new energy pure 32 

electric vehicles have great advantages in emission reduction, through the analysis of the emission reduction 33 

effect of new energy pure electric vehicles, in the 1990s. Thereafter, a large number of scholars have compared 34 

and analyzed the carbon emissions in the process of use between electric vehicles and traditional vehicles. 35 

These studies concluded that the development of new energy electric vehicles can achieve emission 36 

reduction(Lucas et al.,2012; Zhai et al., 2011; Thiel et al.,2010; Doucette et al., 2011; Delucchi et al., 2014). A 37 

survey of NEV projects in Beijing and Shenzhen, China, shows that the large-scale promotion of NEVs is of 38 

strategic significance to China’s climate change and urban air quality(Bank, 2011). In recent years, countries all 39 

over the world are actively promoting NEVs to effectively reduce carbon emissions in the process of driving 40 

(Glitman et al., 2019). The research on the carbon emission reduction effect of NEVs in the world is more 41 

in-depth and extensive. A research in Taiwan, China, found that the promotion and use of NEVs can effectively 42 

reduce carbon emissions (Li et al., 2016). The evaluation of the impact of replacing traditional vehicles with 43 
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electric vehicles on carbon emissions in Brazil under different scenarios shows that even considering the most 44 

unfavorable power generation situation, the carbon emissions of electric vehicles are 10 times lower than that 45 

of traditional vehicles (Teixeira et al., 2016). Some scholars (Jenn et al., 2018; Shaheen et al., 2019) found that 46 

the extensive use of NEVs in the United States is an effective means to reduce carbon emissions. A research on 47 

carbon emission of electric vehicles in Saudi Arabia simulated different scenarios of electric vehicle use, and 48 

tested carbon emissions in the best and worst scenarios of each scenario. The test results show that for every 1% 49 

of electric vehicles deployed, carbon emissions will be reduced by 0.5%, while in the best case, the deployment 50 

of 1% electric vehicles will reduce carbon emissions by 0.9% (Elshurafa et al., 2020). Choi et al. (2020) 51 

measured the carbon emission intensity of various internal combustion engine vehicles and NEVs in South 52 

Korea. The measurement results showed that the carbon emission of various NEVs was lower than that of 53 

internal combustion engine vehicles. A study in Ghana found that a traditional vehicle emitted 3.35 times more 54 

CO2 than an electric vehicle (Ayetor et al., 2020) . 55 

The low-carbon emission characteristics of NEVs make it a popular choice to govern vehicle carbon 56 

emissions, but whether it can develop well depends on its economic benefits (Feng, 2020). The vehicle carbon 57 

emission governance is not simply to reduce carbon emissions, but to carry out environmental governance and 58 

industry development simultaneously. As one of the emerging industries, the NEV project will experience a 59 

long process from the proposal, successful research and development to the market. As a result, the project of 60 

NEV inevitably has high uncertainty (Claude, 2003). The existence of uncertainty leads to the low income of 61 

NEV project. If the manufacturer produces NEVs, the carbon emission of the vehicles will be reduced, but the 62 

financial performance is likely to be not optimistic (Juan, 2011). In the survey on low-carbon transportation, 63 

electric vehicle expectation and prospect (Sovacoola et al., 2019), many experts pointed out that the R&D of 64 

NEVs will lead to greater financial difficulties and even bankruptcy due to insolvency. Therefore, without the 65 

government’s incentive or mandatory policies, developing NEV industry may face greater difficulties (Li, 66 
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2020). After all, enterprises are more willing to produce traditional vehicles with more economic benefits. In 67 

this case, vehicle carbon emissions will increase. To achieve the goal of low-carbon development of vehicle 68 

industry, it is very important to guide manufacturers to carry out vehicle carbon emission governance activities 69 

spontaneously. Evaluating the carbon emission performance of NEV enterprises and studying the influencing 70 

factors can provide reference for the government to formulate policies to guide vehicle enterprises to carry out 71 

carbon emission reduction governance activities. 72 

For a long time, there are many literatures on carbon emission performance, and the evaluation methods 73 

of carbon emission performance are different. Early studies were conducted from a single factor perspective. 74 

The researchers defined carbon emission performance in a single factor framework. For example, carbon 75 

emission performance is measured by the ratio of total CO2 emissions to GDP. Although this method is easy to 76 

operate and understand, it fails to take other factors into account. Therefore, the results are not accurate enough. 77 

Then, some scholars proposed to define CO2 emission performance under the framework of total factors, 78 

considering the comprehensiveness and scientificity of factor input. The methods used include stochastic 79 

frontier approach(SFA)(Wang, 2019) and data envelopment analysis(DEA)(Reinhard et al., 2000; Guo et al., 80 

2011; Shuai et al., 2020). The key to measure carbon emission performance from the perspective of total 81 

factors is to determine the production frontier boundary. The application of SFA method needs to define the 82 

stochastic frontier production function in advance, which is usually difficult to determine. Therefore, there are 83 

more researches on evaluating carbon emission performance by nonparametric frontier method based on DEA 84 

model. DEA method is more objective and comprehensive. Environmental externalities and other factors can 85 

be considered as a production in DEA. On the basis of the original model, many scholars continue to expand 86 

and innovate the evaluation methods by improving the model form and introducing variable indicators. A set of 87 

DEA evaluation method system is gradually formed. At present, this method is widely used (Ding et al, 2019; 88 

Iftikhar et al, 2018; Wu, 2020; Yang, 2019; Li, 2020). However, as Tone said, the traditional DEA model 89 
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cannot solve the “slack” problem of input and output elements of decision-making units. In order to solve this 90 

problem, Tone constructed slack based measure (SBM) model(Tone, 2001) and super-efficiency slack-based 91 

measure (SE-SBM) model(Tone, 2002), by directly introducing the input and output slack into the planning 92 

model. Different from the traditional performance measurement, the quantity of carbon emission in carbon 93 

emission performance measurement is a kind of output that the smaller the better. In order to solve the 94 

performance measurement problem of output index with the smaller the better, Tone (2004) proposed SBM 95 

models considering the unexpected output on the basis of SBM. In recent years, a series of SBM models are 96 

the mainstream models to measure carbon emission performance. These models are not only used to measure 97 

the carbon emission performance of industries and regions (Zhou et al., 2019; Lin et al., 2019; Yan et al., 2017; 98 

Wanga et al., 2019; Wang, 2020; Chang, 2020), but also used to evaluate the carbon emission performance and 99 

environmental performance of enterprises(Wang et al., 2019; Cecchini et al., 2018; Chang et al., 2014;Kang et 100 

al., 2016). 101 

The existing literature provides a very important basis for our research. However, there are several 102 

problems to be solved. Firstly, most of the existing studies are focused on the effect of carbon emission 103 

governance of NEVs, while few studies are focused on the behavior of NEV manufacturers. According to the 104 

theory of sustainable development, the goal of carbon emission reduction should ensure the coordinated 105 

development of economy, environment and energy, rather than simply reducing the total amount of carbon 106 

emissions. In fact, as vehicle production department, the behavior of enterprises has a crucial impact on vehicle 107 

carbon emission reduction, which must be paid much attention to. Secondly, there is a lack of research on 108 

carbon emission performance evaluation of NEV manufacturers. Some of the existing studies focus on the 109 

issue of vehicle carbon emission reduction, some on the issue of enterprise financial performance, and few 110 

studies combine the two. In fact, only the carbon emission performance combined by vehicle carbon emission 111 

and enterprise financial performance is the key indicator to judge whether NEVs can promote social green 112 
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development. After all, the ultimate goal of vehicle carbon emission governance should be to pursue the 113 

symbiosis of vehicle industry development and environmental governance. Only the carbon emission 114 

governance effect evaluation of NEVs based on the carbon emission performance has practical significance. 115 

According to the carbon emission performance evaluation results, the government can timely adjust the NEV 116 

industry policy and environmental governance policy, which can guide the NEV manufacturers to adjust their 117 

behavior to achieve the goal of ecological civilization and sustainable development. Thirdly, What factors 118 

affect the carbon emission performance of NEV enterprises? The retrieved literatures have not been involved, 119 

although the problem is worth studying. Analyzing the influencing factors of carbon emission performance of 120 

NEV enterprises and improving the carbon emission performance starting from these influencing factors are of 121 

great significance to improve the effect of vehicle carbon emission governance. Based on the above analysis, 122 

starting from the actual needs of vehicle carbon emission governance and sustainable development of NEV 123 

industry, this paper first uses SE-SBM model based on unexpected output to evaluate the carbon emission 124 

performance of Chinese NEV enterprises, and then constructs STIRPAT to analyze the influencing factors of 125 

carbon emission performance of NEV enterprises in complex environment, hoping to provide a new 126 

perspective for the governance of vehicle carbon emission reduction from the micro perspective. 127 

The research framework of this paper is shown in Fig. 1. Firstly, we use the SE-SBM model based on 128 

unexpected output to evaluate the carbon emission performance of NEV enterprises in China from 2011 to 129 

2018. Then, we build STIRPAT model to analyze the influencing factors of carbon emission performance of 130 

NEV enterprises. Finally, we analyze the influence mechanism of influencing factors on carbon emission 131 

performance of NEV enterprises and put forward suggestions. 132 
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 133 

Fig. 1 Research framework 134 

2. Carbon emission performance evaluation of NEV enterprises 135 

2.1 Method 136 

The SBM model proposed by Tone solves the slack of input factors and output in traditional DEA model. 137 

It is suitable for the analysis of complex production process with multi input and multi output. However, the 138 

model ignores the simultaneous existence of expected output and unexpected output in the production process, 139 

which may affect the accuracy of the results. Later, Tone improved the previous SBM model. By separating 140 

expected output from unexpected output, he proposed a SBM model based on unexpected output: 141 𝑚𝑖𝑛ρ = 1−(1 𝑚⁄ )∑ (𝑠𝑖0− 𝑥𝑖0⁄ )𝑚𝑖=11+ 1𝑛1+𝑛2[∑ (𝑠𝑟0𝑔+ 𝑦𝑟0𝑔⁄ )+∑ (𝑠𝑟0𝑏− 𝑦𝑟0𝑏⁄ )𝑛2𝑟𝑏=1𝑛1𝑟𝑔=1 ]                               （1） 142 

          

{   
   𝑥𝑖0 = ∑ 𝑥𝑖𝑗𝑧𝑗=1 λ𝑗 + 𝑠𝑖−， 𝑖 = 1,2,… ,𝑚 𝑦𝑟0𝑔 = ∑ 𝑦𝑟𝑗𝑔𝑧𝑗=1 λ𝑗 − 𝑠𝑟𝑔+，  𝑟 = 1,2, … , 𝑛1𝑦𝑟0𝑏 = ∑ 𝑦𝑟𝑗𝑏𝑧𝑗=1 λ𝑗 + 𝑠𝑟𝑏−，   𝑟 = 1,2, … , 𝑛2𝑠𝑖− ≥ 0，𝑠𝑟𝑔+ ≥ 0，𝑠𝑟𝑏− ≥ 0，λ𝑗 ≥ 0，∑ λ𝑗 = 1𝑧𝑗=1

         143 

In the formula, 𝑚 is the sorts of input elements; 𝑛1 is the sorts of expected output; 𝑛2 is the sorts of 144 

unexpected output; 𝑧 is the number of decision-making units; 𝑖 is the input of type 𝑖; 𝑟 is the output of 145 

type 𝑟. The superscript 𝑔，𝑏 is the expected and unexpected; 𝑗 is the 𝑗-th decision-making unit; 𝑥𝑖0，𝑦𝑟0𝑔，146 

𝑦𝑟0𝑏 ，𝑠𝑖−，𝑠𝑟𝑔+，𝑠𝑟𝑏−  are input, expected output, unexpected output, input relaxation, expected output 147 
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relaxation and unexpected output relaxation; λj is a set of column vectors, representing the weight of each 148 

input element; ρ is the efficiency score of the decision-making unit, and the value is between 0 and 1, i.e. ρ ∈149 

[0,1]. The DMU satisfying the condition of ρ = 1 and s− = 0，𝑠𝑔+ = 0，𝑠𝑏− = 0 is valid, otherwise 150 

the DMU is invalid. It is necessary to adjust the input or output to achieve the effectiveness. Equation (1) is 151 

SBM model based on variable returns to scale of production system. If the condition ∑ λ𝑗 = 1 𝑧𝑗=1 is removed, 152 

the SBM model based on constant returns to scale can be obtained. 153 

The SBM model based on non expected output can solve the problem of performance evaluation of 154 

production process with expected output and unexpected output simultaneously. However, there is still a defect 155 

in the application of SBM model in performance evaluation, that is, it is unable to grade and rank multiple 156 

decision-making units which are effective at the same time. In order to solve this problem, Tone continued to 157 

improve the model. He redefined the production set, and finally proposed the super-efficiency SBM (SE-SBM) 158 

model. The unexpected output SE-SBM model based on the variable returns to scale of production system is as 159 

follows: 160 𝑚𝑖𝑛ρ = (1 𝑚⁄ )∑ (𝑥�̅� 𝑥𝑖0⁄ )𝑚𝑖=11𝑛1+𝑛2[∑ (𝑦𝑔̅̅ ̅̅ 𝑦𝑟0𝑔⁄ )+∑ (𝑦𝑏̅̅ ̅̅ 𝑦𝑟0𝑏⁄ )𝑛2𝑟𝑏=1𝑛1𝑟𝑔=1 ]                               （2） 161 

              

{   
   �̅� ≥ ∑ λ𝑗𝑥𝑗𝑍𝑗=1,≠0�̅�𝑔 ≤ ∑ λ𝑗𝑦𝑗𝑔𝑍𝑗=1,≠0�̅�𝑏 ≥ ∑ λ𝑗𝑦𝑗𝑏𝑍𝑗=1,≠0    �̅� ≥ 𝑥0, �̅�𝑔 ≤ 𝑦0𝑔, �̅�𝑏 ≥ 𝑦0𝑏, �̅�𝑔 ≥ 0,λ𝑗 ≥ 0,∑ λ𝑗 = 1𝑧𝑗=1,≠0

  162 

The meaning of the letters in the formula(2) is the same as that in formula (1). If ∑ λ𝑗 = 1𝑧𝑗=1,≠0  is 163 

removed, it is the SE-SBM model of unexpected output based on constant returns to scale. This paper 164 

calculates the carbon emission performance of NEV enterprises with the formula (2). 165 

2.2 Variables and data 166 

In July 2011, the Chinese government held a summary meeting on the promotion of NEVs in Beijing, 167 

which means that China’s NEV industry has begun to take shape. The output has increased substantially, and 168 
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the infrastructure construction has been steadily promoted. Since then, NEVs have entered a state of steady 169 

development. Considering the availability of data and the representativeness of research samples, this paper 170 

selects the listed enterprises of NEVs as the research object, and 2011-2018 as the research period. The data in 171 

this paper are from CSMAR database, Wilson Dashi database, cninfo.com, annual reports of listed enterprises 172 

and official websites. Some missing data are sorted out manually. SBM method has a high demand for data. 173 

The input data must be positive. In this paper, for some enterprises whose output data is negative, the output 174 

number is replaced by a small positive number. In this way, the software can be analyzed normally and the 175 

effect will not be affected. The statistical software is matlab2016a. 176 

It is necessary to select appropriate input and output indicators to measure the carbon emission 177 

performance of NEV enterprises using SE-SBM. Referring to the research on carbon emission performance at 178 

home and abroad, in order to describe the input situation from multiple perspectives, this paper selects three 179 

indicators, namely, the stock of net assets, the number of employees and vehicle energy input, as input 180 

indicators. Net assets are measured by the average annual owner’s equity of the enterprise. The number of 181 

employees is measured by the average number of employees in the enterprise. Energy input refers to the total 182 

energy consumption of all driving mileage in the life cycle of annual sales vehicles converted into the quantity 183 

of standard coal. 184 

The goal of vehicle carbon emission reduction should be the coordinated development of environmental 185 

governance and enterprise sustainable operation. Therefore, the determination of output indicators should not 186 

only focus on carbon emission reduction, but also on business performance of enterprise. This paper chooses 187 

the common achievements which can represent the vehicle emission reduction activities and business 188 

performance to measure the achievement of vehicle emission reduction targets. The output indicators are 189 

divided into expected output and unexpected output. The main function of expected output index is to measure 190 

the operating performance of NEV enterprises. We choose the main business profit, net profit, main business 191 
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profit growth, net profit growth, patents and vehicle sales of NEV manufacturers to represent the expected 192 

output. The main business profit reflects the main business profit of the enterprise. The net profit reflects the 193 

overall profit situation of the enterprise. The growth of the profit of the main business and the increase of the 194 

net profit reflect the growth of the financial performance of the enterprise. The patents reflects the innovation 195 

ability of the enterprise. The vehicle sales reflects the market share of the enterprise products. The non 196 

expected output index is the quantity of carbon emission, which is the embodiment of vehicle carbon emission 197 

status. This paper estimates the amount of carbon emissions by IPCC(2006) inventory method. The specific 198 

formula is as follows: 199 

                  (𝑐𝑜2)𝑗𝑡 = ∑ 𝐸𝑗𝑡 × 𝜕𝑗 × 𝛾𝑗 × 𝜃𝑗 × 4412𝑛𝑗=1                           （3） 200 

In the formula(3), 𝐸𝑗𝑡 denotes the energy consumption all over the life cycle of all the j-th type of vehicle 201 

sold in the t-th year. 𝜕𝑗 denotes the low calorific value of energy consumed by the j-th vehicle. 𝛾𝑗 is the 202 

carbon content of energy consumed by the j-th vehicle. 𝜃𝑗 is the carbon oxidation factor of energy consumed 203 

by the j-th vehicle. 
4412 denotes that the molecular weight of carbon is 12 and that of carbon dioxide is 44, 204 

which means that a ton of carbon can produce about 3.67 tons of carbon dioxide after burning in oxygen. 205 

According to existing research, the dimension difference of input-output indexes will not affect the SBM 206 

calculation results. However, in order to better analyze the decision-making unit, this paper uses the threshold 207 

method to process the original data dimensionless. After processing, the value of each index is between 0-1. 208 

The processing method is as follows: 209 

For input indicators, the smaller the value, the better. Let 𝑦𝑖𝑗 = (1 − 𝛼) + 𝛼 × 𝑥𝑚𝑎𝑥(𝑗)−𝑥𝑖𝑗𝑥𝑚𝑎𝑥(𝑗)−𝑥𝑚𝑖𝑛(𝑗) 210 

For output indicators, the higher the value, the better. Let 𝑦𝑖𝑗 = (1 − 𝛼) + 𝛼 × 𝑥𝑖𝑗−𝑥𝑚𝑖𝑛(𝑗)𝑥𝑚𝑎𝑥(𝑗)−𝑥𝑚𝑖𝑛(𝑗) 211 

2.3 Results and analysis 212 

With the SE-SBM model based on unexpected output, this paper uses matlab2016a software to calculate 213 

the carbon emission performance of NEV enterprises in 2011-2018 and make descriptive statistics on the 214 
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calculation results. The calculation results and descriptive statistics are shown in Table 1. 215 

Table 1 Carbon emission performance of NEV enterprises in 2011-2018 216 

         Year 

Enterprise 
2011 2012 2013 2014 2015 2016 2017 2018 

BYD 0.401 0.576 0.650 1.000 1.087 1.050 1.315 1.309 

GEELY 0.495 0.486 0.537 0.788 0.816 0.911 0.993 1.106 

BEIJING 0.437 0.471 0.516 0.693 1.034 1.165 1.103 1.000 

GAC GROUP 0.591 0.679 0.635 0.746 0.881 0.943 0.903 0.976 

SAIC GROUP 0.618 0.765 0.873 0.865 0.879 0.864 0.914 0.962 

CHANGAN 0.493 0.539 0.669 0.797 0.761 0.798 0.876 0.869 

CHANGCHENG 0.414 0.499 0.643 0.654 0.797 0.805 0.899 0.887 

YUTONG 0.649 0.697 0.709 0.834 0.931 0.963 1.000 0.953 

JAC GROUP 0.568 0.573 0.671 0.737 0.811 0.761 0.817 0.748 

DONGFENG 0.374 0.408 0.478 0.766 0.843 0.934 0.865 0.861 

KING-LONG 0.231 0.419 0.465 0.614 0.694 0.913 0.836 0.830 

JMC 0.581 0.617 0.682 0.659 0.820 0.839 0.795 0.930 

ASIASTAR 0.617 0.589 0.696 0.775 0.713 0.804 0.826 0.913 

ZHONGTONG 0.415 0.487 0.651 0.647 0.705 0.798 0.833 0.846 

CHERY 0.301 0.276 0.314 0.403 0.475 0.632 0.583 0.674 

JIEFANG 0.287 0.395 0.398 0.439 0.597 0.563 0.709 0.676 

CAMC 0.331 0.473 0.599 0.715 0.795 0.766 0.816 0.787 

SG 0.413 0.606 0.735 0.789 0.891 0.815 0.763 0.817 

SOKON 0.461 0.415 0.574 0.764 0.791 0.697 0.877 0.849 

AK 0.318 0.451 0.719 0.720 0.731 0.763 0.795 0.507 

FOTON 0.384 0.396 0.477 0.563 0.682 0.513 0.519 0.911 

HAIMA 0.591 0.683 0.832 0.687 0.781 0.869 0.701 0.613 

XIALI 0.565 0.539 0.643 0.705 0.816 0.697 0.785 0.530 

Mean 0.458 0.523 0.616 0.711 0.797 0.820 0.849 0.850 

Median 0.437 0.499 0.643 0.72 0.797 0.805 0.833 0.861 

Max. 0.649 0.765 0.873 1.000 1.087 1.165 1.315 1.309 

Min. 0.231 0.276 0.398 0.403 0.475 0.513 0.519 0.507 

Std. 0.119 0.116 0.129 0.126 0.127 0.144 0.159 0.175 

The carbon emission performance of NEV enterprises is not ideal, but it shows an increasing trend. 217 

The results show that, from 2011 to 2018, the mean and median of NEV enterprises’ carbon emission 218 

performance increased from 0.458 and 0.437 to 0.850 and 0.861 respectively, showing a continuous increasing 219 

trend. The Max. and Min. are also growing (Fig. 2). This shows that in terms of technology, the carbon 220 

emission governance effect of NEVs is gradually improving, and in terms of scale, the environmental 221 

governance role of NEVs is also gradually expanding the impact. This is in line with the development 222 
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expectation of NEVs(Liu et al., 2020). In recent years, subject to the pressure of environmental governance, the 223 

global NEVs are in a period of rapid development. The development momentum of China’s NEV industry is 224 

more powerful. Chinese government attaches great importance to the development of NEVs. With the gradual 225 

implementation of the sustainable development strategy to promote ecological civilization, the Chinese 226 

government has issued a number of favorable policies to support the sustainable development of NEVs. For 227 

example, in 2010, the NEV subsidy policy was introduced, and infrastructure construction also accelerated. In 228 

2012, China announced the exemption of vehicle and vessel tax for NEVs. In 2014, four ministries and 229 

commissions including the Ministry of Finance jointly formulated the policy of increasing the subsidy 230 

standards for NEVs in 2014 and 2015. In the same year, the executive meeting of the State Council clearly 231 

stated that the purchase tax of NEVs would be continuously exempted. These policies not only encourage 232 

NEV enterprises to improve vehicle performance and increase market share through technological innovation, 233 

but also guide consumers to purchase NEVs instead of traditional vehicles, which greatly reduces carbon 234 

emissions while ensuring vehicle enterprises to improve performance. Inspired by a series of policies, NEV 235 

manufacturers expand the global view of the industry. They not only closely cooperate with upstream and 236 

downstream enterprises, but also make a series of adjustments within the enterprise. They improve the quality 237 

of R&D personnel, establish a high-level R&D team, and even have R&D personnel in the sales team to 238 

promote R&D achievements. These measures not only effectively improved the level of technological 239 

innovation and accelerated the transformation speed of technological achievements, but also speed up the 240 

popularization and application of new technologies in the industry. Technological progress has greatly 241 

improved the carbon emission performance of NEV enterprises, and made contributions to the governance of 242 

vehicle carbon emissions. However, the calculation results also show that the carbon emission performance 243 

mean of NEV enterprises from 2011 to 2018 is always less than 1, which is in the invalid state of data 244 

envelopment analysis. Even in 2018 with the highest average, the carbon emission performance is only 0.850. 245 
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There is still room for improvement of about 15%. This means that NEV enterprises have great potential in 246 

improving carbon emission performance. The selected samples are listed enterprises, representing the 247 

high-quality part of the vehicle enterprises. It means that the whole industry of NEV still has a lot of room for 248 

improvement in emission reduction and efficiency. The unsatisfactory carbon emission performance of NEV 249 

enterprises indicates that developing NEV industry needs the cooperation of policies and the whole industry 250 

chain. Enterprises must take the initiative. Perhaps this is why China has changed its policy direction in recent 251 

years. The government is impelling vehicle enterprises to strengthen the technological innovation of NEVs by 252 

administrative means and market forces instead of simply issuing preferential policies.  253 

 254 

Fig.2 Carbon emission performance trends of NEV enterprises from 2011 to 2018 255 

Different NEV enterprises have distinct carbon emission performance in the same year, and the 256 

same NEV enterprise has distinct carbon emission performance in different years. From 2011 to 2018, 257 

the carbon emission performance of listed enterprises of NEVs has a certain Std., which indicates that the 258 

carbon emission performance of different NEV manufacturers is different. From the numerical point of view, 259 

with the passage of time, the difference has a tendency to expand gradually (Fig.3). Through further analysis of 260 

relevant data, it is found that this is closely related to government support, enterprise development concept and 261 

enterprise technology level. At the initial stage, NEV enterprises have obtained a certain degree of 262 
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development under the support of government policies. The low performance of NEV enterprises in the late 263 

stage is mainly due to the unreasonable goals set in the process of technology optimization and upgrading. 264 

Many innovative activities of some enterprises are to obtain financial support from the government. They do 265 

not fully consider the market demand, so their adaptability to the market is weak. Coupled with the long 266 

industrialization cycle, their innovation achievements are seriously adversely affected, resulting in the 267 

inefficient use of input resources. NEV listed enterprises represent the high-quality part of the industry. It can 268 

be inferred that there should be a certain number of enterprises in the NEV industry with these problems.  269 

 270 

Fig. 3 Trend of carbon emission performance Std. between NEV enterprises from 2011 to 2018 271 

By comparing the data of the same NEV enterprise in different years, we find that the carbon emission 272 

performance mean shows an increasing trend (Fig. 4). Through further investigation, we can see that the 273 

carbon emission performance of most vehicle enterprises has increased to a large extent before and after 2015. 274 

According to the data, since 2014, the Chinese government’s support policy for the NEV industry is stronger 275 

than in previous years, which has greatly stimulated the development of the NEV industry. For example, 276 

BYD’s sales of NEVs have been ranked first in the world for four consecutive years since 2016. This finding 277 

shows that the development of NEVs is an effective means to reduce carbon emissions and improve 278 

environmental conditions (Elshurafa et al., 2020；Ayetor et al., 2020). Traditional vehicle environmental load 279 

mainly comes from vehicle exhaust, which is mainly from the compounds produced by fuel. The main power 280 
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of NEVs is electric energy. Although China mainly relies on coal for power generation, and there will be 281 

carbon emissions in the process of coal combustion, these carbon compounds are much less than those of fuel 282 

vehicles. This shows that the sustainable development ability of NEVs is better than that of traditional vehicles. 283 

Developing NEVs can not only meet the needs of consumers, but also achieve the goal of environmental 284 

governance. If the vehicle enterprises speed up the R&D of clean energy and increase the proportion of clean 285 

energy use, the effect of NEVs on improving carbon emission governance will be more significant. This may 286 

be the important reason why countries all over the world encourage the development of clean energy instead of 287 

traditional energy, and advocate the use of NEVs to replace traditional vehicles. 288 

 289 

Fig. 4 Carbon emission performance of NEV enterprises from 2011 to 2018 290 

3 Research on influencing factors of carbon emission performance in NEV enterprises 291 

3.1 Influencing factors and variables 292 

On the basis of the previous research, this part further discusses the influencing factors of carbon emission 293 

performance of NEV enterprises by constructing panel data STIRPAT model. 294 

Some studies show that technological innovation is an important factor to improve the ecological 295 

performance of NEVs (Wu et al., 2020; Gohoungodji et al., 2020). A series of NEV industry support policies 296 
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issued by the government have a greater incentive effect on production enterprises and vehicle carbon emission 297 

reduction (Li, 2020; Wu et al., 2021). Free cash flow, debt constraint, energy intensity, and enterprise size also 298 

have important effects on enterprise financial performance and vehicle carbon emissions (Cui et al., 2021; 299 

Braune et al., 2020; Han et al., 2019). 300 

Therefore, this paper mainly selects the following factors to research: technological innovation(TI), 301 

government support(G), relative free cash flow(FCF), debt constraint(ALR), energy intensity(ENERGY) and 302 

enterprise size(LSA). We take the above six factors as explanatory variables of the model. The TI is measured 303 

by the ratio of patents to R&D personnel input. G is divided into direct support (GD) such as monetary 304 

subsidies and indirect support (GI) such as preferential tax policies. GD is measured by government 305 

subsidies/operating income. GI is measured by the ratio of the NEV industry support policies issued by the 306 

province where the vehicle enterprises are located and the industrial support policies issued by the state. The 307 

monetary subsidy policy is not included in GI. FCF is measured by free cash flow/operating income. Free cash 308 

flow is calculated as follows (Lehn et al., 1989): operating profit before depreciation-total tax revenue-total 309 

interest- preferred stock dividend-common stock dividend. ALR is measured by asset liability ratio. ENERGY 310 

is measured by ratio of the total energy consumption of all driving mileage in the life cycle of annual sales 311 

vehicles converted into the quantity of standard coal and annual operating revenue. LSA is taken as the natural 312 

logarithm of total assets. Carbon emission performance (C&P) of NEV enterprises was chosen as the 313 

explanatory variable. 314 

3.2 Method and data 315 

3.2.1 Method 316 

In recent years, STIRPAT model developed from IPAT has been widely used in environmental research. 317 

The specific forms are as follows: 318 𝐼𝑖𝑡 = 𝑎𝑃𝑖𝑡𝑏𝐴𝑖𝑡𝑐 𝑇𝑖𝑡𝑑𝜀𝑖𝑡 319 
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In the formula: 𝑖 is province; 𝑡 is year; 𝑃 is population factor; 𝐴 is economic factor; 𝑇 is technical 320 

factor; 𝑎  is constant; 𝑏 is coefficient of population; 𝑐  is coefficient of economy; 𝑑  is coefficient of 321 

technology; and 𝜀 is residual regression term. To facilitate evaluate the importance of each factor, we take 322 

logarithm on both sides of the equation and convert it into a linear model: 323 𝑙𝑛(𝐼𝑖𝑡) = 𝑎 + 𝑏𝑙𝑛(𝑃𝑖𝑡) + 𝑐𝑙𝑛(𝐴𝑖𝑡) + 𝑑𝑙𝑛(𝑇𝑖𝑡) + 𝜀𝑖𝑡 324 

STIRPAT model reflects the relationship between environment and influencing factors. This paper uses 325 

STIRPAT model to study the impact of TI, G, FCF, ALR, ENERGY and LSA on C&P of NEV enterprises. 326 

The model is as follows: 327 𝑙𝑛(𝐶&𝑃𝑖𝑡) = 𝛼0 + 𝛼1𝑙𝑛(𝑇𝐼𝑖𝑡) + 𝛼2𝑙𝑛(𝐺𝐷𝑖𝑡) + 𝛼3𝑙𝑛(𝐺𝐼𝑖𝑡) + 𝛼4𝑙𝑛(𝐹𝐶𝐹𝑖𝑡) + 𝛼5𝑙𝑛(𝐴𝐿𝑅𝑖𝑡) +328 𝛼6𝑙𝑛(𝐸𝑁𝐸𝑅𝐺𝑌𝑖𝑡) + 𝛼7𝑙𝑛(𝐿𝑆𝐴 𝑖𝑡) + 𝜀𝑖𝑡                              Model (1) 329 

3.2.2 Data 330 

In this part, we take the NEV enterprises selected in the previous paper as samples, and the interval is still 331 

2011-2018. The data of explained variable C&P comes from the calculation of SE-SBM model based on 332 

unexpected output. The data of explanatory variables are from CSMAR database, Wilson Dashi database, 333 

cninfo.com, annual reports of listed companies and official websites. Some missing data are sorted out 334 

manually. The statistical software is stata2014. 335 

3.3 Empirical results and discussion 336 

Table 2 shows the empirical results of C&P influencing factors in Chinese NEV enterprises. 337 

The estimated coefficient of TI is 0.015713, and the corresponding p value showed that the relationship 338 

was significant at 1% level. This means that TI has a significant positive impact on C&P of NEV enterprises. 339 

That is, TI can promote performance improvement or carbon emission reduction. It is also possible that 340 

technological progress not only improves financial performance, but also reduces carbon emission. This is 341 

consistent with the research results of many scholars (Ambrose et al., 2020; Wu et al., 2020; Ehrenberger et al., 342 

2020; Su et al., 2020). In general, NEV needs more TI than traditional vehicles (Wu et al., 2020). Coupled with 343 
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the great pressure of current carbon emission reduction targets, if the vehicle enterprise has a high level of TI, it 344 

may carry out NEV R&D project and is relatively successful, which is conducive to improving its C&P. 345 

The coefficients of GD and GI are 0.006851 and 0.000565 respectively, and their corresponding P values 346 

were significant at the level of 5%. This shows that both GD and GI are significantly positively correlated with 347 

the C&P of NEV enterprises. The GD coefficient is higher than the GI coefficient, which means that GD have 348 

a greater incentive effect on C&P of NEV enterprises. This is different from the conclusion of traditional 349 

mature industry. It is generally believed that in mature industries, the promotion effect of GI is better than that 350 

of GD. The reasons for this result may mainly come from the following two aspects: Firstly, the government 351 

indirect support policies are mostly ex post incentive, which requires enterprises to achieve certain goals before 352 

they can enjoy the preferential policies. Many R&D projects of NEV manufacturers are still in the exploratory 353 

stage, which may not be successful. Even if they succeed, it will take time to translate into results. Therefore, 354 

the incentive effect of many indirect support policies on NEV enterprises lags behind, and the significance is 355 

bound to be poor. Secondly, as one of the emerging industries, the NEV industry is still in its infancy. Many 356 

projects need a lot of R&D investment. The lack of cash support will make the NEV projects fail directly, 357 

which will have a great negative impact on the sustainable operation of enterprises. In order to carry out R&D 358 

smoothly, many enterprises need aid. However, since the NEV project should take into account the effect of 359 

environmental governance, the successful transformation of the achievements may not fully conform to the 360 

cost-effectiveness principle. It is difficult for NEV enterprises to obtain external funds, so the government must 361 

become a solid support for them. As an incentive in advance, financial and monetary subsidies can fill the gap 362 

of funds in time and solve the financing difficulties of NEV R&D projects. 363 

The variable coefficient of FCF is 0.000037, which has passed the significance test. It shows that the FCF 364 

is significantly positively correlated with the C&P of NEV enterprises. This may be because FCF represents an 365 

enterprise’s ability to invest according to its own will. Cash is the basis for enterprises to continuously invest in 366 
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NEV R&D projects. If there is no sustained cash flow as support, there will be no NEV technology innovation, 367 

and the carbon emission governance project will be difficult to promote. 368 

The coefficient of ALR is -0.000174, which has passed the significance test of 5% level. It shows that the 369 

ALR is negatively correlated with the C&P of NEV enterprises. The existence of enterprise debt will have a 370 

negative impact on C&P. With the increase of the proportion of debt, the negative impact will become more 371 

and more serious. May be the high risk and long payback period of NEV R&D projects makes rational 372 

creditors unwilling to apply loans to such projects. The creditors even restricts the investment behavior of 373 

enterprises in NEV R&D through contracts, which result in the significant constraint of debt on the enterprise’s 374 

NEV R&D activities. The reduction of R&D investment in low-carbon projects and the limitation of R&D 375 

activities will inevitably have adverse effects on C&P. 376 

The coefficient of ENERGY was -0. 013198, which passed the significance test at the level of 1%. It can 377 

be seen that there is a significant negative correlation between C&P and vehicle energy consumption. The 378 

higher the ENERGY, the lower the C&P. Enterprises should find ways to reduce vehicle energy consumption, 379 

including NEVs. Because NEVs in China mainly consume electricity. Most of the electric energy in China is 380 

thermal power generation. A certain amount of carbon emission will be produced in the process of power 381 

generation. Therefore, the higher the energy consumption, the more carbon emissions. When the energy 382 

consumption is reduced, the vehicle carbon emission will decrease with the decrease of energy consumption 383 

for the same mileage. Enterprises should try their best to reduce vehicle energy consumption to improve C&P. 384 

The coefficient of enterprise size is -0.0089793, which passes the test at the level of 10%. It shows that the 385 

scale of vehicle enterprises also has a negative impact on C&P. This may be because larger enterprises mean 386 

more vehicle production. At this stage, NEVs have not yet occupied the dominant position in the vehicle 387 

industry. The increase in the total number of vehicles is likely to be caused by the increase in traditional 388 

vehicles, which has a negative impact on C&P. 389 
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Table 2 Test results of influencing factors on C&P of NEV enterprises 390 

Variable 
Regression results 

Model（1） Model（2） Model（3） Model（4） Model（5） Model（6） 

Ln(TI)t 
0.015713*** 

0.001 

0. 013076*** 

0.001 

0.014134*** 

0.007 

0.009330*** 

0.000 

0. 013579*** 

0.003 

0.018543*** 

0.006 

Ln(GD)t 
0.006851*** 

0.000 

0.007961*** 

0.003 

0.001299** 

0.037 

0.000893*** 

0.000 

0.006054*** 

0.001 

0.001678** 

0.044 

Ln(GI)t 
0.000565** 

0.030 

0.000931*** 

0.003 

0.000194** 

0.034 

0.000479** 

0.016 

0.000764** 

0.036 

0.000931** 

0.049 

Ln(FCF)t 
0.000037* 

0.073 

0.000173** 

0.029 

0.000859* 

0.066 

0.000365** 

0.017 

0.0006089** 

0.026 

0.000986** 

0.031 

Ln(ALR)t 
-0.000174** 

0.017 

-0.000567*** 

0.007 

-0.000221** 

0.031 

-0.000263** 

0.015 

-0.000983* 

0.071 

-0.000571*** 

0.001 

Ln(ENERGY)t 
-0.013198*** 

0.005 

-0.076063** 

0.015 

-0.001328*** 

0.004 

-0.000940*** 

0.007 

-0.035809*** 

0.005 

-0.079433*** 

0.005 

Ln(LSA)t 
-0.008979* 

0.091 

-0.011075** 

0.018 

-0.017367** 

0.033 

-0.008156* 

0.068 

-0.009054* 

0.086 

-0.007631** 

0.041 

Note: ***, **and * are significant at 1%, 5%, and 10% levels, respectively. 391 

3.4 Robustness test 392 

According to the regression results, TI, G, FCF, ALR, ENERGY, LSA are significantly correlated with 393 

NEV enterprise C&P. In order to verify the robustness of the results, we use the permutation variable method 394 

to test the regression results again. The calculation method of five variables except ENERGY was changed. TI 395 

is measured by the ratio of patents to R&D investment. GD is calculated by the ratio of government subsidies 396 

to total assets. ALR is measured by the proportion of current liabilities and noncurrent liabilities. LSA is 397 

measured by the logarithm of operating revenue. FCF is measured as the ratio of free cash flow to total assets. 398 

Models (2)-(6) replace TI, GD, FCF, ALR and LSA on the basis of model (1). There was no significant change 399 

in the results. 400 

3.5 Further discussion 401 

NEV is the best choice for low-carbon development of vehicle industry (DeLuehi et al., 1989; Doucette, 402 

2011; Delucchi et al., 2014). However, from the research results of this paper, the current NEV enterprise C&P 403 

is not ideal. It is necessary to further adjust the strategy to improve the C&P of NEV enterprises. According to 404 

the empirical results, TI, G and FCF are directly proportional to C&P of NEV enterprises, while ALR, 405 
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ENERGY and LSA are inversely proportional to C&P of NEV enterprises. This means that in order to improve 406 

the C&P of NEV enterprises, it is necessary to find solutions from government policy-making, NEV 407 

technological innovation，enterprise governance structure and vehicle energy consumption (Velte et al., 2020; 408 

Trinks, 2020).  409 

Among the factors, TI has the greatest positive effect, which proves the importance of TI to NEV industry 410 

development(Sovacoola et al., 2019; Meelen et al., 2019; Wesseling et al., 2014). Moreover, TI is related to all 411 

the factors discussed in this paper (Fig. 5). It is the key factor that we have to consider to improve the C&P of 412 

NEV enterprises. Firstly, TI can improve the relationship between LSA and C&P. NEV production needs to 413 

cross the technical threshold. The solution of core technical problems can help NEV to gain consumer 414 

recognition. If these conditions are met, NEV may be sold on a large scale (Wu et al., 2020). In this case, with 415 

the pressure of environmental protection, large-scale enterprises are more inclined to produce NEV instead of 416 

traditional vehicles. Coupled with the support of the government, enterprises can make more profits from NEV 417 

sales. C&P will be improved. The negative effect of LSA on C&P decreases or even turns into positive effect. 418 

Secondly, TI can improve the relationship between ENERGY and C&P. At present, NEV in China mainly 419 

consumes electric energy. Most of China’s electricity is obtained by burning coal. Coal produces co2 during 420 

combustion. The results show that ENERGY has the greatest negative impact on C&P of NEV enterprises. 421 

Therefore, it is necessary to reduce the energy consumption of NEV. TI can achieve this goal (Ambrose et al., 422 

2020; Ehrenberger et al., 2020). Thirdly, the effect of TI is related to NEV’s enterprise governance structure 423 

and its initiative for R&D activities (Liu et al., 2018). If NEV enterprises reduce the proportion of restricted 424 

liabilities appropriately, hold a certain amount of cash flow, increase R&D funds and personnel input, the 425 

development and transformation speed of technological achievements will be improved. The transformation of 426 

scientific and technological achievements into the core competitiveness of enterprises as soon as possible will 427 

help to improve the C&P level. Fourthly, TI needs government support (Wu et al., 2021). TI requires the active 428 
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participation of enterprises and a large amount of capital investment. Enterprise attitude and R&D investment 429 

will affect the degree of TI (Ren, 2018). However, in the enterprises where cash is king, a large amount of 430 

capital investment will either produce huge benefits or be subject to mandatory policies. At present, it is 431 

difficult for NEVs to generate stable revenue, let alone huge revenue. In addition, the TI of NEV needs huge 432 

capital, which is difficult for enterprises to meet on their own. Therefore, TI needs the support and supervision 433 

of the government. In order to impel NEV enterprises carry out technological innovation activities, the 434 

government should take the following measures. The first measure is to improve the financial support policies 435 

for the NEV industry, solving the problem of fund sources for NEV enterprises through market forces. The 436 

second measure is to promote the initiative of enterprises through administrative means. According to the 437 

existing research, enterprises with good technological innovation achievements attach great importance to 438 

technological innovation. Generally, in such enterprises, innovation investment is relatively active, the 439 

corresponding system is relatively perfect, and the efforts of R&D personnel are relatively high (Liu et al., 440 

2018). The third measure is to improve the construction of public facilities. This can remove obstacles for the 441 

promotion of NEVs (Tian et al., 2021) and provide guarantee for the implementation of the enterprises TI 442 

achievements. 443 

 444 

Fig.5 Influence mechanism of influencing factors on C&P of NEV enterprises 445 
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4．Conclusion 446 

As one of the important means of vehicle exhaust governance, the development of NEVs has attracted 447 

much attention. In order to promote the development of NEV industry and achieve the goal of low-carbon 448 

economic development of the vehicle industry, the Chinese government has issued a number of supporting 449 

policies. The early policy mainly focused on financial subsidies, which contributed a lot to the initial formation 450 

of the NEV market. The loose subsidy policy reduces the industrial threshold. A lot of capital, enterprises and 451 

technologies are pouring into the NEV industry. The industry is booming. In this case, the number of NEVs in 452 

China is increasing rapidly with an average annual growth rate of 40%. The NEV industry has achieved the 453 

government’s “preliminary new energy” strategic goal. With the rapid development of NEV industry, the 454 

disadvantages of subsidy are gradually emerging. The frequent occurrence of “cheating compensation” events 455 

of NEVs is the concentrated embodiment of this kind of malpractice. In order to improve this situation, 456 

Chinese government has adjusted the promotion policy of NEVs. They raised the industry access threshold to 457 

encourage the popularization and application of high energy density and low energy consumption vehicles. 458 

The announcement of double points policy makes many NEV enterprises eliminated. The small and inferior 459 

enterprises are gradually out of the competition, while the excellent enterprises continue to improve their 460 

technical level to cope with the increasing industrial access threshold. The implementation and adjustment of a 461 

series of policies issued by the government are all aimed at truly achieving the goal of coordinated 462 

development of environmental governance and vehicle industry. However, the realization of this goal depends 463 

on the behavior of enterprises as the main body of the vehicle industry. At the time of further promoting the 464 

in-depth development of NEVs, it is of practical significance to evaluate the carbon emission performance of 465 

NEV enterprises and study the influencing factors. The finding of calculating the carbon emission performance 466 

of NEVs from 2011 to 2018 in this paper shows that: At the present stage, the carbon emission performance of 467 

NEV enterprises is not ideal, but it is gradually increasing. It is distinct in carbon emission performance of 468 
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different NEV enterprises. The carbon emission performance of the same NEV enterprise in different years is 469 

also distinct. On the basis of evaluating the carbon emission performance of NEV enterprises, this paper 470 

constructs an extended STIRPAT model to analyze the influencing factors. The results show that the carbon 471 

emission performance of NEV is positively correlated with technological innovation, government support, free 472 

cash flow, and negatively correlated with debt constraint, energy intensity, enterprise size.  473 
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