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Under the background of “dual carbon,” the power industry, as a pillar industry of the national economy, is ushering in changes. Based on the data of listed companies in the electric power production and supply industry from 2010 to 2020, this paper takes the operating income corresponding to each unit of carbon emission as the substitute variable of carbon performance (CP). After dimensionality reduction of 12 financial indicators through factor analysis, this paper establishes a comprehensive indicator of financial performance (FP), and establishes panel data to explore the relationship between CP and FP of electric power enterprises. To mitigate the endogeneity problem, 2SLS regression was performed using instrumental variables. The results show that CP has a positive and sustainable impact on the FP, which indicates that power enterprises need to pay attention to the long-term management of carbon emission reduction, so that the improvement of FP of enterprises can achieve sustainable development, which is in line with the expectations of Porter’s hypothesis and stakeholder theory. In addition, firm size plays a negative moderating role in the relationship between CP and FP. The research results provide a path and basis for encouraging power enterprises to improve CP and help China achieve the goal of “dual carbon” as soon as possible.
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HIGHLIGHTS

• Relationship between Carbon and financial performance of electric power was explored.
• High carbon emission enterprises was identified and targeted.
• The size of enterprises is introduced as the adjusting variable.
• The measurement of financial performance indicators was improved.
1 INTRODUCTION
With the increasing global warming and environmental problems, climate change caused by carbon emissions has become an inevitable issue for economic growth and social development of various countries. The role of energy consumption is highly relevant to environmental protection and climate change. High levels of carbon monoxide emissions have become a serious global problem (Bekun et al., 2019). Globally, China is the second largest economy (Cheong, 2019) and the largest emitter of greenhouse gases (Koondhar et al., 2021). China’s power industry is still thermal power generation as the main way of power generation, the annual carbon emissions of the power industry up to 3 billion tons, accounting for about 39% of the national carbon emissions, it can be seen that the power industry is reliant on China’s carbon emissions. In addition, the first compliance cycle and online trading of the national unified carbon market in 2021 will include the power generation industry as the first batch of participants. As the main body of carbon emissions, whether enterprises can shift to low-carbon development mode or not is crucial to the realization of China’s “dual carbon” goal. During the 14th Five-Year Plan period, the construction of ecological civilization in our country has turned to a strategic direction with energy saving and emission reduction as the focus, committed to carbon emission reduction and actively promoting global sustainable development (Peng et al., 2023). In accordance with the Paris Climate Change Agreement, China has rationally planned a “30–60 Target” of “Carbon Peak to Carbon Neutral.” In the context of the “Dual Carbon” Goals, green finance of our country has been further developed and promoted (Fan et al., 2023).
With the continuous implementation of China’s environmental protection policies, the rapid development of carbon emission trading and carbon trading market has a significant impact on the FP of enterprises at the micro level (Liu et al., 2021). In the process of implementing carbon reduction strategy to improve CP, enterprises will invest a lot of human, material and financial resources through the purchase of low-carbon equipment, research and development of carbon reduction technology, and introduction of carbon management talents, which will lead to the increase of enterprise operating costs. The impact of environmental performance on corporate performance, such as short-term costs or long-term benefits, has always been the focus of research (Eva Horváthová, 2012). Therefore, what impact the increased cost of implementing carbon emission reduction will have on the financial situation and enterprise development is an area that enterprises need to ponder over. Under the background of “dual carbon,” Power industry of China puts forward higher requirements for energy conservation and emission reduction. Whether the economic benefits brought by the improvement of CP can make up for the new cost of carbon emission reduction will have a direct impact on the business strategy and business activities of power enterprises. Achieving the dual objectives of low carbon emission reduction and FP has become a common business issue (Yoo et al., 2020).
The power sector is a pillar of our economy, and reducing power-related carbon emissions is critical to achieving China’s emission reduction targets, yet the relationship between carbon performance and financial performance in this sector is rarely discussed. Therefore, this paper takes thermal power enterprises as the research object. In order to evaluate enterprise FP more comprehensively and fully consider the characteristics of power enterprises represented by thermal power, 12 financial indicators are selected to construct FP evaluation system through structure factor analysis to fully reflect the FP level of enterprises, and panel data is established to explore the relationship between CP and FP of power enterprises. Exploring the relationship between CP and FP in the power industry is helpful for power enterprises to implement carbon emission reduction strategy and realize the goal of “dual carbon,” and fill the research gap in related fields. At the same time, this paper introduces firm size to explore the relationship between the three. Although scholars have reached a consensus on the relationship between firm size and FP, the direction of the regulating effect of CP and FP curves cannot be determined theoretically, and further testing of large sample data is needed. Therefore, this paper further studies the regulating effect of firm size. It can not only provide empirical support for the research on the relationship between carbon performance and financial performance, but also provide certain reference value for power enterprises of different sizes in the process of implementing carbon emission reduction and pursuing profit maximization.
2 LITERATURE REVIEW
2.1 “Dual carbon” and economic growth
Under the dual policy goals of carbon peaking (CEP) and industrial green transformation (IGT), China usually adopts top-down policy implementation and needs to build a better industrial green development plan (Zhou et al., 2022). A better understanding of the relationship between “dual carbon” and economic growth is conducive to industrial development and green development. From the perspective of mutual funds, Ji puts forward that China’s green funds outperform other countries, and proposes that China can further achieve carbon neutrality while ensuring corporate performance and economic growth by introducing new carbon-friendly investment tools, promoting trading mechanisms, providing financial benefits, and reducing market friction (Ji et al., 2021). Starting from the Emissions Trading System (ETS), Zhang believes that in order to minimize carbon emissions, the government should improve the efficiency of supervision and formulate appropriate incentive strategies for excess emission reduction and punishment strategies for insufficient emission reduction. Reasonable free carbon quota ratio, lower technology emission reduction cost and higher carbon price can stimulate the enthusiasm of governments and enterprises to reduce emissions (Zhang et al., 2023). Hou, from the perspective of spatial characteristics and green finance, believes that the development of green finance will promote carbon neutral performance with regional consistency, and China needs to strengthen the green sustainable financial system, promote regional green finance, and improve the carbon neutral performance of green finance (Hou et al., 2023). From the perspective of the dual performance (DP) of environmental performance and corporate performance, Ding found that the incentive effect of green subsidies could make corporate performance reach the inflection point in advance and realize the synergistic growth of DP. The evolutionary game between the government and enterprises leads to the fluctuation of DP rising first, then decreasing, and finally rising. In addition, DP can develop cooperatively under collaborative governance to achieve the consistency of carbon decision-making behavior (Ding et al., 2022).
2.2 Measurement of CP
CP is also known as low CP, carbon reduction performance or carbon emission efficiency. The premise of measuring CP level is to obtain the corresponding carbon emission data. One is to use the carbon emission index disclosed in the mandatory report or voluntary report to measure the CP level of enterprises. For example, Ragini et al. (2019) studied the CP of American companies based on the carbon information in the CDP report. However, not all enterprises or regions are willing to participate in CDP projects, and China’s carbon information disclosure system is not yet perfect, so there are not many enterprises that disclose carbon emission information, and the disclosure standards are different, resulting in the inability to directly obtain standardized and unified corporate carbon emission data. Therefore, most scholars use the main business income of enterprises and operating costs to estimate the proportion of carbon emissions of enterprises from the carbon emissions of industries to measure the level of CP (Busch and Lewandowski, 2016; Yan et al., 2022).
2.3 The relationship between CP and FP
Most scholars in the existing literature focus on the relationship between environmental performance and FP. However, with the deepening of research and the rise of the concepts of “carbon neutrality” and “carbon peaking,” scholars have also begun to detail the relationship between CP, a branch of environmental performance, and FP. There are four views on the relationship between CP and FP.
Some scholars believe that CP is positively correlated with FP. Meng found that CP can significantly improve the FP of enterprises, and FP has a promotion effect on CP, and there is no lag effect (Meng et al., 2023). Timo Busch’s meta-analysis results show that carbon emissions are inversely proportional to FP, indicating that good CP is usually positively correlated with excellent FP (Busch and Lewandowski, 2016). Manrique studied the impact of corporate environmental performance on corporate FP during the global financial crisis according to the economic development level of the country where the enterprise is located. They found that good environmental protection behaviors had a significant and positive impact on corporate FP in both developed and developing countries (Sergio and Martí-Ballester, 2017). Yan takes energy enterprises listed in China’s A-shares as samples and finds that good CP and technological innovation in the energy industry have A positive impact on the FP of enterprises (Yan et al., 2022).
Some scholars believe that CP is negatively correlated with FP. Liu conducted an empirical study on the correlation between the environmental performance and financial performance of 16 heavily polluting industries in China, and found that the heavily polluting industries were negatively correlated with FP, and the improvement of environmental performance could not bring the overall improvement of FP (Liu et al., 2022). Liu investigated the impact of environmental responsibility performance on China’s financial performance by constructing the evaluation index of corporate environmental responsibility. He found that corporate environmental responsibility has heterogeneity on FP, and in the central region of China, environmental responsibility is negatively correlated with FP (Liu et al., 2020). Tang conducted an empirical test with 293 Chinese heavily polluting enterprises as samples, and found that enterprises paying attention to environmental protection expenditure will bring good CP, but will have a significant negative impact on the current corporate FP (Tang et al., 2023).
Some scholars believe that the relationship between them is U-shaped. Ogunrinde integrates a process dimension based on an environmental management score with an outcome dimension represented by firms’ carbon emissions intensity). By studying the relationship between corporate environmental performance and corporate financial performance, he found that there is a U-shaped relationship between the outcome dimension of corporate environmental performance in high-carbon intensive industries and FP, while the opposite is true for low-carbon intensive industries (Ogunrinde et al., 2020). Based on the provincial panel data of China’s manufacturing industry from 2008 to 2019, Peng measured the relationship between carbon intensity and green transformation ability in 30 provinces, and found that as more capital flows into pollution-dominated but profitable projects, carbon emission and financial performance show a U-shaped relationship (Peng and Guo, 2022). Starting from the core factors of enterprise profitability, Yang et al. found that there was a U-shaped relationship between carbon constraint and the profitability of large thermal power enterprises through theoretical analysis and empirical results. In the early stage, Yang et al. believed that the profitability of enterprises declined due to high research and development costs. Once this input becomes a heterogeneous resource that is difficult to replace, profitability will increase with the reduction of carbon emissions (Yang and Zhang, 2017).
Some scholars believe that there is no direct correlation between the two. Sun used general Bayesian networks to analyze the correlation between corporate environmental management activities, financial performance and financial characteristics, and found that there was no direct relationship between financial performance and corporate environmental management activities (Sun et al., 2018). Based on data from a database of industrial enterprises in China, Zhang determined the impact of companies’ meeting energy efficiency targets on their FP. The results show that energy conservation has no significant impact on the FP of high-energy-consuming industries (Zhang et al., 2022). Dai analyzed the influence of carbon emission constraint on the performance of thermal power enterprises from both static and dynamic perspectives, and found that the influence of carbon emission constraint on enterprise performance is not absolute, and many factors such as technological innovation, management and operation will affect enterprise performance (Dai and Wang, 2020).
Domestic and foreign scholars have made rich achievements in studying the relationship between environmental performance and financial performance. They believe that there is a positive correlation between CP and FP in the literature, most of which take enterprises in developing countries as examples, and the selected enterprises are basically from the whole industry or the energy industry. The literature that considers the negative correlation between cp and fp is more focused on emerging countries or industries with serious pollution. For literatures with U-shaped or insignificant correlation, it may be affected by sample selection, such as industry and regional heterogeneity; It is also affected by the internal factors of the enterprise, such as the technological innovation of the enterprise, the mode of operation and so on.
However, the research on the relationship between carbon performance and financial performance is relatively scarce. By combing and comparing the literature, the following shortcomings are drawn: 1) The academic community has not reached a unified conclusion on the relationship between the two. There are heterogeneous and complex interactions between the two structures in general. Selection of different research periods, research perspectives and indicators may lead to different research conclusions (Hoppe and Guenther, 2014; Markus et al., 2018). Most scholars disagree on whether the relationship between carbon performance and financial performance is positive or negative. A few scholars propose that the relationship between the two is inversely “U” shaped correlation and non-correlation. 2) The selection of carbon performance evaluation methods and indicators is highly subjective. There is no unified standard for measuring carbon performance in academic circles. Some scholars choose a single variable to measure carbon performance by absolute or relative value, while others choose multiple environmental indicators and financial indicators to jointly build a carbon performance evaluation system.
To sum up, many literatures only discuss the single influence of CP on FP, ignoring other factors that affect the relationship between the two. In particular, few studies introduce the relationship between the two as a moderating variable, few literatures comprehensively examine the mechanism of action of the three, and few studies explore the relationship between CP and FP with domestic micro-enterprises as research objects. Starting from the shortcomings of the research on the relationship between the two, this paper selects the power industry as the research object, adopts a more comprehensive performance evaluation index and considers the regulating effect of enterprise scale on the relationship between the two. Therefore, the research on the relationship between carbon performance and financial performance is more comprehensive and targeted.
3 THEORETICAL ANALYSIS AND RESEARCH HYPOTHESIS
Although under the influence of environmental regulations, high-carbon enterprises inevitably need to increase the corresponding cost to meet the requirements of environmental policies. However, Porter’s hypothesis holds that appropriate environmental regulations can improve the FP of enterprises and ultimately offset the costs of carbon reduction measures. For example, enterprises can reduce unnecessary energy consumption and improve their CP by introducing low-carbon environmental protection equipment and researching and developing low-carbon technologies (Gao and Zhou, 2015), which can not only relieve the pressure of legality and avoid environmental penalties, but also get the government’s policy support in terms of tax incentives and environmental protection subsidies, so as to make up for the incremental cost of investment to a certain extent.
Secondly, stakeholder theory holds that enterprises need to achieve a balance between economic interests and various stakeholders when implementing strategic decisions. With the improvement of low-carbon awareness in all sectors of society, especially after the “dual carbon” goal was proposed, carbon information has gradually become a non-financial indicator concerned by stakeholders because it is closely related to the sustainable development of enterprises. Stakeholders need to be involved in carbon reduction activities to achieve carbon peaking and carbon neutrality. Wang pointed out that five stakeholders affecting carbon emission reduction intensity are listed in descending order as follows: manufacturing enterprises, government, energy supply industry, research and development organizations, and financial institutions (Wang et al., 2022). The pressure on enterprises to reduce carbon emissions is also increasing under the influence of low-carbon requirements from stakeholders such as governments and financial institutions. Companies need to take reasonable carbon reduction measures and actions to meet stakeholder requirements. If an enterprise’s carbon emission reduction measures are ineffective and its CP level is low, it will send a negative signal to stakeholders and thus make the enterprise face public opinion or substantial pressure from stakeholders. By implementing carbon emission reduction strategies and actively improving CP, enterprises can build their green reputation, which reflects their competitive advantages. This green reputation not only helps reduce business risks, but also helps enterprises obtain more favorable business conditions in negotiations with various stakeholders. Meanwhile, the improvement of CP also provides opportunities for enterprises to expand market share and obtain new resources. This will further increase the profits of enterprises (Baah et al., 2019). In addition, carbon disclosure is a form of enterprise’s positive concern for the environment, which is positively responded by the market and is the basis for investors to evaluate the sustainability of the company. Therefore, carbon disclosure has a positive and significant impact on enterprise value. Enterprises with good CP are more motivated to disclose carbon information to external stakeholders, so as to reduce the degree of information asymmetry and reduce the cost of capital, and then integrate carbon information into stock price and improve FP (Hardiyansah et al., 2021). Based on the above analysis, this paper proposes the following hypotheses:
H1:. CP has a positive impact on FP.
To achieve the goal of “dual carbon” is a long-term task. As the main body of carbon emissions, enterprises need to promote the green upgrading of existing facilities, accelerate the research and development and application of advanced and applicable technologies, strengthen innovation capacity, and carry out green and low-carbon transformation. The dividend brought by improving CP may make enterprises increase their investment in carbon emission reduction. However, based on the principle of diminishing marginal benefit, increasing the input of production factors will increase the output, but after the input exceeds a certain degree, the output will decrease, and the low sales ability will result to the loss of enterprise interests. For example, in the automotive industry, there is a strong and persistent negative correlation between carbon emissions and FP, which is associated with lower return on sales and lower capital efficiency for high-emission companies (Palea and Cristina, 2022). Therefore, after the investment in carbon emission reduction improves the CP to a certain extent, the phenomenon of diminishing marginal benefits may appear, thus damaging the financial interests of enterprises and hitting the enthusiasm of enterprises to achieve the “dual carbon” goal. Based on the above analysis, this paper proposes the following hypotheses:
H2:. The positive effect of CP on FP is not sustainable.
In the study of the relationship between CP and FP, enterprise size is mostly used as the control variable in variable design. While increased capital expenditures by companies to improve their CP will increase their operating costs to some extent, the impact of these additional costs may not be the same for companies of different sizes. Under normal circumstances, smaller enterprises have lower access to resources and information than larger enterprises, resulting in greater operational risks and external pressure. Improving CP through environmental governance can alleviate agency problems to a certain extent and improve corporate image to gain market recognition or attract external investment, thus improving profitability. Large scale enterprises are in a leading position in the industry, and their rich financing channels and resources make them less motivated to improve environmental governance to improve profitability. The size of the enterprise also has a certain impact on the management structure and the formulation of the enterprise strategy. Larger enterprises emit more pollutants and have more stakeholders, so they are subject to higher supervision by the government and society. In the process of operation, they not only need to consider profit, but also need to bear more environmental and social responsibilities, which may also lead to inefficient investment. According to Deng Xiang’s research, environmental regulation is negatively correlated with the FP of enterprises, and the sensitivity of state-owned enterprises to environmental regulation is higher than that of non-state-owned enterprises (Deng and Li, 2020). Therefore, the following hypothesis is proposed:
H3:. Firm size plays a negative moderating role in the relationship between CP and FP.
4 RESEARCH DESIGN
4.1 Sample selection and data source
This paper selects the data of thermal power enterprises listed on Shanghai and Shenzhen A-shares from 2011 to 2020. The reason is that thermal power generation is still the main power generation mode in China’s power industry and thermal power generation is an important source of carbon emissions in the power industry. Therefore, thermal power enterprises will be more representative and comparable when studying the relationship between CP and FP of power enterprises. Up to now, the China Energy Statistical Yearbook has not updated the industry energy consumption data after 2020, so the observation period is until 2020. According to the 2012 edition of the industry classification of the CSRC, select such enterprises and screen them, the process is as follows: 1) Eliminate listed enterprises, ST, *ST, and main business changes after 2011; 2) Eliminate listed enterprises with abnormal data, missing data, and delisting. A total of 29 sample enterprises and 290 sample data were obtained. The financial data are mainly from the CSMAR database, and other data are mainly from the China Energy Statistical Yearbook. In order to reduce the Influence of outliers, this paper carries out 1%–99% indent processing for all continuous variables, and mainly uses Spss26.0 and Stata16.0 software for data processing.
4.2 Variable definition
4.2.1 Explanatory variables
The direct purpose of enterprises to improve their CP level is to reduce carbon emissions. Using carbon emissions to measure CP level not only conforms to the definition of performance but also reflects the carbon emission reduction results of enterprises. Therefore, this paper intends to draw on the method proposed by Zhao, divide the main business income of an enterprise by the carbon emission of an enterprise, and take the logarithm as the CP index of an enterprise (Zhao et al., 2021). However, because Chin’s carbon information disclosure system is not yet perfect, there are not many enterprises that disclose carbon emission information, and the disclosure standards of different enterprises are not uniform, and the carbon emission data of Chinese enterprises can not be directly obtained, so the carbon emission of enterprises is estimated by the carbon emission of the industry with the help of business costs.
Specific calculation steps: (1) Multiply the various energy consumption of the power industry published in the China Energy Statistical Yearbook with the corresponding reference coefficient and carbon emission coefficient to obtain the carbon emission of the industry. (As shown in Table 1) ② Enterprise carbon emission = enterprise main business cost/(industry main cost)× industry carbon emission. ③ Corporate CP cp = Ln(corporate main business income/corporate carbon emissions).
TABLE 1 | Carbon emission coefficients of various energy sources.
[image: Table 1]4.2.2 Explained variable
Scholars usually choose a single indicator to measure FP, such as ROA or TobinQ value (Zhao et al., 2021; Fortune, 2018; Meng et al., 2023), but this paper believes that only a single indicator to measure the FP of enterprises cannot fully reflect the financial situation of enterprises. In order to evaluate the FP of enterprises more comprehensively and fully consider the characteristics of power enterprises represented by thermal power, this paper intends to select 12 financial indicators to build a FP evaluation system through structure factor analysis, so as to fully reflect the FP level of enterprises (Table 2).
TABLE 2 | Financial performance evaluation system.
[image: Table 2]4.2.3 Moderating variable
The difference of enterprise scale will affect the resource acquisition ability and accumulation ability of enterprises. Large-scale enterprises have relatively rich capital accumulation and strong anti-risk ability. And its importance to the market economy is higher, more concerned by the state and society. Therefore, large-scale enterprises will pay more attention to corporate image and social responsibility, increase their investment in environmental protection, and have high enthusiasm in implementing carbon emission reduction strategies. Therefore, the difference of enterprise scale has a certain impact on CP and FP. In this paper, the firm size is expressed using the natural logarithm of total assets at the end of the period.
4.2.4 Control variable
This paper mainly explores the relationship between CP and FP. The research object focuses on the internal power enterprises, and the difference of external environmental impact is relatively small. By referring to the research of relevant scholars, the size of enterprises, listing years, financial leverage and ownership concentration are selected as control variables. The relevant variables and their definitions are shown in Table 3.
TABLE 3 | Variable selection and definition.
[image: Table 3]4.3 Research model design
In order to test the relationship between CP and FP, the following model is constructed to verify hypothesis 1 (Eq. 1):
[image: image]
In order to test whether CP is sustainable to FP, the following model is constructed to verify hypothesis 2 (Eq. 2):
[image: image]
Where n = 1,2,... . If n = 1, it represents the impact of CP in the current period on FP in the lagging period.
In order to test the moderating effect of firm size on the relationship between CP and FP, the cross-multiplication term of CP and firm size is introduced(inter = cPit*SIZEit). Construct the following model to verify hypothesis 3 (Eq. 3):
[image: image]
5 EMPIRICAL TEST AND RESULT ANALYSIS
5.1 Descriptive statistics
This paper uses Stata16.0 software to conduct descriptive statistics on the sample data. The descriptive statistical results of all variables are shown in Table 4. The maximum value of FP (FP) is 1.592 and the minimum value is −1.950, indicating that there is a large gap in the FP of thermal power sample enterprises. The maximum value of CP (CP) is 7.401, and the minimum value is 6.159. There is still a gap between some enterprises and the average value of the industry, and the carbon emission reduction efforts of enterprises are different. Some enterprises have low carbon emission reduction awareness and insufficient carbon emission control efforts, and there is still a large room for improvement.
TABLE 4 | Descriptive statistical results of all variables.
[image: Table 4]The maximum value of enterprise S″ze i′ 26.81, the minimum value is 20.99, the mean value is 24.20, and the standard deviation is 0.243, indicating that the overall scale of the sample enterprises is large, and the size difference among enterprises is small, mainly because the fixed assets of electric power enterprises account for a high proportion of total assets. In this paper, the natural logarithm of total assets is adopted to measure enterprise size. The mean value of financial leverage (LEV) is 0.635, the standard deviation is 0.147, and the maximum is 0.937. The overall leverage level of the industry remains at a reasonable level, but the leverage of individual enterprises is too high and needs to be adjusted in a timely manner. For listing years (Age), this variable is measured by taking the natural logarithm of the difference between the reporting year and the listing year. The maximum value is 3.296 and the average value is 2.787, indicating that the overall development of the sample enterprises is relatively mature. The maximum value of ownership concentration (OC) is 0.834 and the average value is 0.437, indicating that the overall ownership of listed thermal power companies is relatively concentrated. The maximum value of the independence of the Board of directors (IDR) is 0.356 on average, 0.6 on maximum, and 0.231 on minimum, indicating that there are still enterprises that fail to meet the Company La’s requirement that the number of independent directors shall not be less than one third of the board members.
As shown in Figure 1, the average value of CP has remained stable and increased from 2011 to 2020. Especially after the pilot carbon trading policy in 2013, power enterprise’ awareness of carbon emission control has been strengthened year by year, and CP level has also maintained a good development trend.
[image: Figure 1]FIGURE 1 | Changes in carbon performance trends.
5.2 Correlation analysis
In order to understand the correlation between variables and their significance level, correlation analysis was carried out on each variable, as shown in Table 5. It can be seen from the table that the correlation coefficient between the FP (FP) of the explained variable and the CP (CP) of the explained variable is 0.263 and positively correlated at the significance level of 1%. It indicates that the improvement of CP (CP) will contribute to the improvement of FP (FP). A preliminary proof is provided for hypothesis 1.
TABLE 5 | Correlation analysis.
[image: Table 5]In this paper, VIF test was conducted on whether there was multicollinearity between variables. The results were shown in Table 6. The maximum value of variance inflation factor was 1.40, and the variance inflation factor of each variable was much lower than 10, indicating that there was no multicollinearity between variables and regression analysis could be conducted.
TABLE 6 | Multicollinearity test.
[image: Table 6]5.3 Multiple regression analysis
Before the regression analysis, F-test and Hausmann test are required to select a model suitable for the study of the relationship between CP and FP of thermal power enterprise’ balance panel data from 2011 to 2020. In the F-test comparing the mixed model and the fixed effect model, the p-value is 0, indicating that the null hypothesis is rejected, that is, the fixed effect model is superior to the mixed model. In the Hausmann test comparing the fixed effects and random effects models, the p-value is 0, that is, the fixed effects model should be chosen over the random effects model. Based on the above test results, the fixed effect model is more suitable for the study of this paper.
In order to verify that H1: CP has a positive impact on FP, regression analysis is performed on model (1), and the results are shown in Table 7. The R2 is 0.424 and the adjusted R2 is 0.395, indicating that the model has a good overall fitting effect. CP (CP) and FP (FP) are significantly positive at the 1% level. It shows that the improvement of CP level will contribute to the improvement of FP. H1 is verified. It shows that power enterprises attach a high degree of importance to carbon emission reduction, and their investment in carbon emission reduction wins the favor of stakeholders, enhances the flexibility of enterprises, and makes it easier to translate carbon emission reduction achievements into FP. Therefore, CP has a positive impact on FP. In order to verify H2: the positive impact of CP on FP is not sustainable. Regression analysis was performed on model (2), and the results were shown in Table 8. On the basis of model (1), regression analysis was conducted on the CP of the current period and the FP of the period lagging phase 1 and phase 2 to test whether the positive impact of CP on FP was sustained. The results showed that the regression coefficient of CP of the current period on the FP of the period lagging phase 1 and phase 2 was positive, and both passed the significance level test of 1%. The result of regression analysis is contrary to H2, that is, the positive impact of CP on FP is persistent. It shows that the investment in carbon emission reduction of power enterprises makes CP have a positive effect on FP when CP is increased to a certain extent, but this effect shows a diminishing marginal effect. Therefore, it is necessary to attach importance to the long-term management of carbon emission reduction, and enterprises need to allocate resources reasonably according to their own conditions, so as to achieve sustainable development of FP improvement of enterprises.
TABLE 7 | Regression analysis of the relationship between CP and FP.
[image: Table 7]TABLE 8 | Regression results.
[image: Table 8]In order to test the regulating effect of firm size on the relationship between CP and FP, the interaction term (inter) between CP and firm size was introduced for regression analysis. The results are shown in Table 9. First, it can be seen from the main effect analysis of model (1) that the regression coefficient of CP on FP is 1.753, which passes the significance level test of 1%. In other words, CP has a significant positive impact on FP. Based on this, the adjustment effect analysis of enterprise size is conducted. According to model (2), it can be seen that the regression coefficient of the interaction term (inter) between enterprise size and CP on FP is −0.248 and passes the significance test of 5%, so enterprise size belongs to the interference adjustment effect, which proves hypothesis 3 is valid. That is, enterprise size negatively regulates the positive impact of CP and FP.
TABLE 9 | Regression results of adjustment effect.
[image: Table 9]In addition, the adjusted R2 in model 1 is 0.395, and the adjusted R2 in model 2 is 0.405, which increases somewhat, further indicating that the introduction of adjustment variables is reasonable.
In order to more clearly show the adjustment effect of enterprise size, Excel table is used to draw the adjustment effect of enterprise size, as shown in Figure 2.
[image: Figure 2]FIGURE 2 | Influence of firm size on the relationship between carbon-based performance and financial performance.
5.4 Robustness test
5.4.1 Control of endogenous problems
Considering that there may be mutual influence between CP and FP, in order to solve the potential endogenous problem, the method proposed by Yan Huahong was used to study the lag of explanatory variable (CP) one stage as the instrumental variable, and 2SLS regression was carried out (Yan et al., 2019). The results are shown in Table 10. The instrumental variable passed the under-recognition test and the weak instrumental variable test. In addition, it can be seen from the results of the first stage that L.cp and cp are significantly positively correlated at the level of 1%, which indicates the rationality of the instrumental variables selected in this paper. As can be seen from the regression results of the second stage, IV-2SLS is basically consistent with the previous regression results, and the promoting effect of CP on FP is significantly positive, which indicates that the endogenous problem is controlled.
TABLE 10 | Results of two-stage regression of instrumental variables.
[image: Table 10]5.4.2 Treatment of robustness problem
In order to verify the accuracy of the above model and the results of regression analysis, this paper intends to test the robustness of the model, replace the original FP indicator FP with ROE and keep other variables unchanged, and conduct a regression analysis on the hypothesis again. The results are shown in Table 11. The regression coefficient between carbon performance (CP) and financial performance (ROE) is 0.242. The T statistic value is 9.21, which further proves that there is a significant positive correlation between CP and FP through the significance level test of 1%. At the same time, the replaced FP indicators are delayed to test whether there is continuity between CP and FP in the current period. Through re-regression analysis, CP can still effectively improve the FP of the lag phase 1 and lag phase 2. The regression coefficient between the current CP and the ROE one period behind is 0.202, and the T-value is 6.8, passing the 1% significance level. The regression coefficient between CP in the current period and ROE in the second lagging period is 0.161, and the T-value is 4.78, which also passes the significance test at the 1% level, further proving that the positive impact of CP on FP is sustained.
TABLE 11 | Robustness test results.
[image: Table 11]The robustness test of hypothesis 3 is conducted, and the results are shown in Table 12. The regression coefficient of the interaction term (inter) between CP and firm size is −0.057 and passes the significance test of 1%, which further proves the validity of hypothesis 3.
TABLE 12 | Robustness test of regulatory effects.
[image: Table 12]6 DISCUSSION
The academic community has not yet formed a unified view on the relationship between CP and FP. Traditional economists believe that environmental regulations will lead to the company that causes environmental pollution to bear the corresponding environmental costs, which will lead to the increase of enterprise operating costs and further affect the FP of enterprises. However, scholars based on Porte’s hypothesis and stakeholder theory believe that appropriate environmental regulations can stimulate enterprises to carry out ecological innovation, and the economic benefits obtained through innovation can offset the new environmental costs, thus forming competitive advantages in the market and obtaining good economic benefits. A large number of studies by Sun Zhao Yong and Yan also show that improving corporate social responsibility capability is an effective way to promote FP, and good CP is usually positively correlated with excellent FP(Sun and Park, 2023; Yan et al., 2019).
Carbon emissions from Chin’s power sector account for about one-seventh of global carbon dioxide emissions and half of Chin’s carbon dioxide emissions (Jiang et al., 2018). Reducing power-related carbon emissions is critical to achieving Chin’s emission reduction targets (Wei et al., 2017). The governmen’s strict environmental regulations put forward higher “low-carbo” requirements for high-carbon emission enterprises such as electric power enterprises, but by implementing “carbon emission reductio,” electric power enterprises can improve the utilization rate of resources, avoid environmental penalties, and enjoy government subsidies and tax incentives. In addition, due to the particularity of the industry, electric power enterprises involve more stakeholders, and the pressure caused by stakeholders in the process of reducing carbon emissions becomes the driving force for enterprises to make environmental commitments, improve CP, and achieve the goal of “dual carbo” (Silva et al., 2013). While fulfilling their social responsibilities and improving CP, electric power enterprises can also improve CP. By integrating green resources and improving the green attributes of products, the company can optimize its own image to win the favor of more stakeholders, increase the loyalty and satisfaction of customers with green preferences to products, expand the market share, improve the relationship with government regulators, improve the value of enterprises, and play a positive role in FP. Therefore, enterprise managers need to pay attention to the long-term management of carbon emission reduction, so as to improve the FP of enterprises for sustainable development. The combination of carbon reduction strategy and business strategy to achieve a win-win situation of environmental and economic benefits.
Chin’s inter-provincial trade leads to the increase of power-related carbon emissions and the flow of carbon emissions (Wei et al., 2020). The electric power industry, as the first industry incorporated into the carbon emission rights trading system in China, internalizes the external cost of carbon emissions of electric power enterprises under the influence of carbon emission rights trading policy. Those who exceed the limit buy carbon credits through carbon trading or pay environmental penalties. Yuan believed that the adoption of emission reduction technology could effectively reduce the impact of carbon constraints on output, reduce emissions and purchase carbon emission rights, and realize environmental and economic dividends (Yuan et al., 2022). Enterprises reduce carbon emissions through technological innovation, such as purchasing or updating production equipment. By selling the excess carbon emission rights in the secondary market, they can make up for the environmental costs incurred by purchasing or updating equipment. It can be seen that Porte’s hypothesis and stakeholder theory have been confirmed in the research on the relationship between CP and FP of electric power enterprises in China.
In addition, this paper adds and validates a new important factor in exploring the relationship between the two–- firm size. Although environmental investment in order to improve environmental performance will increase the operating costs of enterprises to some extent, the impact of such cost increase on companies of different sizes is different. Although scholars have reached a consensus on the relationship between enterprise size and FP, when it comes to the directionality issue, However, there are two different views: diseconomies of scale or diminishing returns to scale and increasing economies of scale or returns to scale.
However, the existence of economies of scale has forced scholars to reflect on the positive relationship between enterprise scale and efficiency, that is, the possibility of increasing returns to scale. Gun JeaYu and Andries believe that enterprise scale has a significant moderating effect on the relationship between FP and environmental performance (Gun et al., 2016; Andries and Stephan, 2019). However, the larger the enterprise scale, the more stakeholders will be involved in its production and operation, and the more environmental and social responsibilities must be considered in the process of business decision-making, which may lead to more resources being invested in projects that cannot bring economic benefits to the enterprise in the short term. The problem of inefficient investment leads to a decline in resource utilization and offsets the positive impact of CP on FP to a certain extent. Zhang took 11909 micro-industrial enterprises in Anhui Province, China as research objects, and found that the enterprises that improved performance were mainly low-energy enterprises and small enterprises. In contrast, most of the enterprises with declining performance are high energy-consuming enterprises and large enterprises (Zhang et al., 2018).
It can be seen that although the existence of the regulating effect of enterprise size on the relationship between CP and FP curve is theoretically established, the direction of this regulating effect cannot be determined theoretically, and further large-scale sample data testing is needed. Therefore, this paper further studies the regulating effect of enterprise size.
7 CONCLUSION AND POLICY RECOMMENDATIONS
7.1 Conclusion
This paper takes 29 A-share listed power enterprises as samples, selects 2011–2020 as the research interval, explores the relationship between carbon performance and financial performance of power enterprises under the background of “dual carbon,” and draws the following conclusions:
(1) Carbon performance has a positive impact on financial performance. The regression results show that the regression coefficient of carbon performance and financial performance is positive and passes the significance test of 1%, and passes the robustness test. Enterprises achieve carbon emission reduction through carbon management to improve the level of carbon performance is conducive to improving financial performance. A high level of carbon performance is a manifestation of an enterprise’s active commitment to social responsibility and adherence to the path of green and low-carbon development, which can send positive signals to the market and enhance the green image of an enterprise. At the same time, although the improvement of carbon performance will bring about a surge in costs in the short term, it is conducive to reducing production costs in the long run.
(2) The positive impact of carbon performance on financial performance is sustained. The regression analysis of carbon performance in the current period and financial performance by lagging one and two periods shows that carbon performance in the current period has continuity to financial performance. Enterprises rationally arrange resources and management plans and incorporate carbon emission reduction strategies into their long-term strategic development plans. By reducing carbon pollution and green production to change the extensive economic development mode, enterprises can improve their reputation, shape their good image, attract the participation of potential investors, increase inestimable intangible benefits, and improve their performance.
(3) Firm size plays a negative moderating role in the relationship between carbon performance and financial performance. The larger the scale of the enterprise, the more stakeholders involved in its production and operation, the more environmental and social responsibilities must be considered in the process of business decision-making, and more resources may be invested in projects that cannot bring economic benefits to the enterprise in the short term. The problem of inefficient investment leads to the decrease of resource utilization and offsets the positive impact of carbon performance on financial performance to a certain extent.
7.2 Policy recommendations
7.2.1 Government level
7.2.1.1 Improve the carbon information disclosure system and strengthen supervision
“Carbon information disclosure” is a way to obtain the “carbon performance” of enterprises. Since CP has a positive effect on FP, and this effect is persistent, the disclosure system of carbon information needs to be improved. Carbon information is also a component of accounting information. The Accounting Standards for Business Enterprises can clearly specify the time, way and the content of carbon information disclosure, establish responsibility investigation and punishment system, promote enterprises to disclose carbon information more fully, and formulate unified and standardized statistical accounting methods for carbon emissions. Clear accounting caliber, emission factors and other information makes carbon information disclosure more standardized and standardized. It is also necessary to integrate carbon information supervision resources and build a carbon audit supervision system that combines government audit supervision, enterprise internal control audit and third-party independent audit represented by professional service institutions. Establish and improve the mechanism for carbon information to be compatible with the full coverage of the audit, and require enterprises subject to carbon emission control to disclose the audited carbon information together with their annual financial report or ESG report.
7.2.1.2 Strengthen the attention and incentive system for small and medium-sized enterprises
Since enterprise size plays a negative regulating role in the relationship between CP and FP, small and medium-sized enterprises need to pay more financial costs than large enterprises while ensuring good carbon performance. The government should improve the incentive system for carbon emission reduction. For example, for enterprises that actively adjust the energy structure and achieve good carbon emission reduction results, tax relief can be granted according to corresponding standards. On this basis, more tax incentives or publicity can be given to small and medium-sized enterprises that actively respond to the policy and have good carbon emission reduction effects. To realize the positive transformation between CP and FP under the premise of guaranteeing the interests of small and medium-sized enterprises.
7.2.2 Industry level
Guided by industry associations, technical and operational management exchanges and cooperation among power enterprises will be strengthened by organizing industry summits and other forms. For a series of “dual carbon” policies, do a good job of collecting difficulties and suggestions from power enterprises, especially pay attention to the difficulties put forward by small and medium-sized enterprises, carry out forward-looking research in combination with the actual situation of the industry and give feedback to the government regulatory authorities. The association awards power enterprises with outstanding carbon emission reduction and financial performance, and acts as an intermediary to promote exchanges and learning among enterprises, ensuring that small and medium-sized enterprises can get exchanges and research opportunities.
7.2.3 Enterprise level
7.2.3.1 Pay attention to carbon management and develop a top-level plan for its long-term management
Power enterprises need to base on the “dual carbo” era background, in the medium and the long term development strategy of carbon reduction, pay attention to the development trend of carbon emissions and the impact of “dual carbo” on the development of enterprises. Enterprises should clarify low-carbon development goals, including reducing carbon emissions, improving energy efficiency, and adopting renewable energy. These goals should be measurable, attainable and sustainable to ensure the effectiveness of long-term planning. We can learn from the development strategies of large energy groups in Europe and the United States, set up a “carbon strategy management departmen” to establish a sound management system for carbon emission reduction, promote carbon budget management, let all departments participate in the formulation and modification of carbon budget, combine emission reduction targets with business plans in light of the actual situation of production and operation of enterprises, and change the previous passive work mode of energy conservation and environmental protection. The implementation of carbon cost management, the carbon emission reduction cost of each production link into the cost accounting, the manager proposed the corresponding refined cost management plan, and implemented in the whole process of production. For traditional thermal power enterprises, it is more necessary to strengthen cost control, stabilize coal supply prices, strengthen coal power cooperation, and promote the fine management of clean energy costs.
7.2.3.2 Actively participate in carbon market trading to reduce carbon emission reduction costs
As the electric power industry is the breakthrough of Chin’s carbon emission rights trading market, in order to achieve the “dual carbo” goal, its annual available carbon quota will actually show a decreasing trend, and the part that exceeds the carbon quota needs to purchase the quota to achieve carbon emission compliance. Therefore, in the future, electric power enterprises can avoid the increase of carbon price and actively participate in carbon market trading. On the one hand, participating in carbon trading helps to convey the awareness of green responsibility to the outside world through the carbon market to enhance the corporate image; on the other hand, the active use of carbon financial instruments not only helps to reduce the cost of carbon emission reduction, but also helps to hedge the risk caused by the fluctuation of carbon trading. It is also conducive to easing the financing dilemma of enterprises so as to carry out the low-carbon transformation of energy structure more effectively.
7.2.3.3 Establish publicity and feedback mechanism within the enterprise
Since low-carbon strategy requires long-term management with diminishing marginal effect, such management needs to allocate resources reasonably according to the conditions of enterprises themselves. The strategy of an enterprise should be adaptable and adjustable. The whole strategic arrangement should be the participation of the whole enterprise to form a good feedback mechanism. Enterprises should establish a monitoring and evaluation mechanism to regularly monitor and evaluate the implementation of low-carbon development plans. These mechanisms should be able to detect problems in a timely manner and take appropriate measures to ensure that enterprises can adjust their carbon strategies in a timely manner to ensure the high utilization and high returns of resource investment. At the same time, through training and education, employees can enhance their low-carbon awareness and responsibility, so that employees can better feel and participate in the low-carbon strategy of the enterprise, and the low-carbon development strategy can be implemented and supervised for a longer time.
7.2.3.4 Focus on technological innovation to achieve green and low-carbon development
The Action Plan for Accelerating Green and Low-carbon Innovative Development of Electric Power Equipment released by the Ministry of Industry and Information Technology in 2022 also points out that China’s energy production will shift from relying mainly on resources to relying more on equipment. The core of the program is to require enterprises to rely on technological innovation to enhance the green ability of electric power equipment. Power enterprises, especially thermal power enterprises, should pay more attention to the development of clean and low-carbon power generation equipment, improve energy storage technology, low-cost carbon capture and storage technology, and strengthen technical exchanges and cooperation between enterprises, promote the recycling of resources through technological innovation to meet the challenges of carbon emissions times, and achieve green and low-carbon development.
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Note: ***, ** and * are statistically significant at 1%, 5% and 10% respectively.
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