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Reducing the use of traditional fossil energy and optimizing the energy consumption structure is an important starting point for China to balance sustainable and stable economic development, dual carbon goals and energy security. Green finance can help improve the energy consumption structure through providing financial support for green development. Based on this, taking the proportions of coal consumption as the index of energy consumption structure, this paper uses panel data for 30 provinces in China from 2009 to 2019, and analyzes the impact of green finance on energy consumption structure and its mechanism. The results show that the development of green finance in China has significantly improved the energy consumption structure, when considering the endogenous and robustness, the conclusion is still valid. In the mid-western region, green finance plays a greater role in improving the energy consumption structure. With the help of the quantile regression model, it is found that the higher the proportion of coal consumption, the greater the improvement effect of green finance on energy consumption structure. With the help of the threshold model, it is found that when exceeding the threshold value, the improvement effect of green finance on energy consumption structure will decline. Both the market and the government can enhance the role of green finance in optimizing the energy consumption structure. According to the research conclusion, the suggestions for improving the energy consumption structure of green finance are given from the aspects of developing green finance, formulating differentiated green finance development strategies, and encouraging green innovation.
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1 INTRODUCTION
Sustainable development of human society is being profoundly affected by climate change (Pardo Martínez and Alfonso P, 2018), while the large emissions of greenhouse gases, such as carbon dioxide, is the major cause of climate problems. China emits more than 6 billion tons of carbon dioxide every year, making it the largest carbon dioxide emitter in the world. Therefore, the Chinese government attaches great importance to climate issues and has proposed a “double carbon” target in 2020, which states that China aims to achieve carbon peaking by 2030 and carbon neutrality by 2060. The realization of China’s carbon neutrality goal is of great significance to the mitigation of global climate change. The main source of carbon dioxide is the burning of fossil fuels such as coal and oil in industrial production. To reduce carbon emissions, it is necessary to improve the energy consumption structure, reduce the use of traditional energy and increase the use of clean energy such as solar, wind and water. China’s “14th Five-Year Plan for Green Industrial Development” and “14th Five-Year Plan for Circular Economy Development” both set the improvement of energy consumption structure as an important goal during the “14th Five-Year Plan.”
Among traditional energy sources, coal and oil have larger carbon emission factors, while natural gas has a smaller one. In order to obtain 10,000 kcal of heat, 4.763 kg CO2 is emitted from burning coal, 3.370 kg CO2 is emitted from burning crude oil, and 2.217 kg CO2 is emitted from burning natural gas. However, China’s energy endowment is characterized by “rich in coal, poor in oil and little in gas,” which makes it difficult for China to transform its energy consumption structure and it requires a large amount of capital investment. Green finance provides the tools to help transform China’s energy consumption structure and can provide financial support to improve the energy consumption structure. Green finance refers to economic activities designed to support environmental improvement, climate change response and efficient use of resources, it provides financial services for project investment and financing, project operation and risk management in the fields of environmental protection, energy conservation and clean energy (Akomea-Frimpong et al., 2022).
The developed countries in Europe paid attention to the environment and climate issues earlier. The concept of environmental protection has been gradually accepted by people, and the philosophy of green development has been integrated into the financial field. In 1974, Germany established the world’s first policy-oriented environmental bank “Ecobank”. Since then, green finance has developed rapidly and become the focus of academic research. Existing studies generally agree that green finance has positive economic effects, and that green finance can reduce energy consumption intensity, improve energy efficiency and promote green development. However, few studies have explored the impact of green finance on energy consumption structure and its mechanism. Furthermore, the literature that systematically analyzes the asymmetric effects between green finance and regional location, energy consumption structure characteristics and green finance development level characteristics is scarce. Salazar (1998) put forward the green finance theory earlier. He pointed out that green finance is different from traditional finance, which emphasizes economic benefits while green finance emphasizes environmental benefits. Green finance builds a bridge between the financial world and the environmental world, which is conducive to solving environmental problems. Resources and environment are important parts of human economic and social development, and sustainable development can only be achieved if they are protected (Nedopil et al., 2021; Ma et al., 2022). Green finance is a financial innovation based on the protection of environment and resources, which is conducive to the balanced development of economy and environment (Cui et al., 2020). Meo and Abd Karim (2022) further pointed out that green finance can achieve economic development and environmental protection simultaneously through specific financial instruments.
China attaches great importance to the role of green finance because of the severe environmental pollution caused by its early rapid economic development. The Guidance on Building a Green Financial System issued by the Ministry of Environmental Protection (China) (MEP) in 2016 pointed out that green finance system refers to the institutional arrangement to support the transition to green economy through green credit, green bond, green stock index and related products, green development fund, green insurance, carbon finance and other financial instruments and related policies (MEP, 2016). This research focuses on the MEP’s definition of green finance, because we study Chinese issues. According to the definition of MEP, all related concepts such as green credit, green investment and green insurance are included in the scope of green finance in our research.
The relevant empirical research on green finance in the academic circle mainly focuses on its green effect, and it is generally believed that green finance has positive green effect, which can promote green innovation, improve the environment, upgrade the industrial structure, promote green economic growth and help carbon emission reduction. Huang and Chen (2022) studied the impact of green finance on environmental quality in China and believed that green finance can significantly improve local environmental quality. However, with the improvement of green finance development level, the improvement effect of green finance on environmental governance will weaken. Zhou et al. (2020) believed that the development of green finance in China not only reduced pollutant emissions, but also promoted economic development, achieving a win-win situation for growth and the environment. Khan et al. (2021) showed that the development of green finance in Asian countries improved environmental quality. From the perspective of green financing, Wu et al. (2021) believed that green finance was conducive to improving environmental quality. Every 1% increase in green financing level of G7 countries will lead to .375% improvement in environmental quality. Wang and Wang (2021) believed that the development of green finance in China promoted the tertiary industry more than the primary and secondary industries, thus promoting the upgrading of the industrial structure. The research of Wang et al. (2021) showed that green finance had a spatial spillover effect on the impact of high-quality energy development, and green finance could improve the high-quality development of local regions, however, the impact on adjacent regions was different. Huang et al. (2022) analyzed the impact of China’s green finance on green innovation, and believed that green finance could promote the level of green innovation in local and neighboring region, however, the strengthening of environmental supervision and the increase of green finance index would reduce the positive impact of green finance on green innovation. Muhammad Irfan et al. (2022) analyzed the impact of green finance on regional green innovation in China and found that green finance promoted the development of green finance through three mechanisms: industrial structure, economic growth and R&D input. In the pilot zone of green finance innovation and reform, green finance has a more obvious driving effect on green innovation. The study of Akomea-Frimpong et al. (2021) and Lyu et al. (2022) verified the carbon emission reduction effect of green finance. Jin et al. (2021) believed that green finance increased the consumption of non-fossil energy and reduced the carbon intensity. In addition, some scholars have also studied the green effect of green financial policies. These studies generally agree that green financial policies can increase green investment and financing, alleviate financing constraints for green innovation (Liu et al., 2021; Ning et al., 2022), promote green innovation (Jin and Han, 2018), facilitate green development (Ma et al., 2021; Gao et al., 2022), and reduce carbon emissions (Qin and Cao, 2022).
Energy is the basic input factor in modern economic activities, with the rapid developments of China’s economy and society, the consumption of traditional energy continues to increase, exacerbating environmental pollution and increasing carbon emissions. The academic research on energy consumption mainly focuses on regional differences and influencing factors. There are huge differences in economic development levels and resource endowments among different regions in China, leading to great differences in energy consumption and energy structure (Yang et al., 2018; Louis vuitton, etc., 2020; Wu et al., 2021). At the macro level, economic development level, industrial structure, environmental regulation, government intervention, energy price, and urbanization can affect the energy consumption structure (Lin and Jiang, 2017; Llop, 2018; Zhou and Chen, 2019; Farooq, etc., 2021; Wang et al., 2021; Xiong et al., 2019; Luan et al., 2021). At the meso level, the development of foreign trade, service industry and new energy can affect the energy consumption structure (Zhou et al., 2019; Hafner et al., 2021; Shahzad et al., 2021). At the micro level, innovation, financing constraints and operational efficiency can affect the energy consumption structure (Warren, 2020; Liu et al., 2021; Lee and Lee, 2022).
According to the existing literature, green finance has a certain green effect. However, there are few studies on the impact of green finance on the energy consumption structure. Only Sun and Chen (2022) analyzed the relationship between the two in China, but only discussed the relationship between the two as a whole and in different regions, without further in-depth research, such as the mechanism of action, how to develop the positive role of green finance, etc. Therefore, the relationship between the two needs to be further studied. In view of this, this research selects the provincial panel data of China from 2009 to 2019, measures the green finance index using the entropy method, and uses the share of coal consumption as the energy consumption structure indicator to comprehensively analyze the impact of green finance on the energy consumption structure. The conclusion of this study shows that green finance can significantly reduce the proportion of coal consumption and improve the energy consumption structure. The mechanism of green finance to improve the energy consumption structure is to optimize the industrial structure, improve energy efficiency and promote green innovation. In addition, in the mid-western regions, and areas where coal consumption accounts for a relatively high proportion, green finance has a more obvious effect on improving the energy consumption structure. The impact of green finance on the energy consumption structure has a single threshold effect. Once the green finance value exceeds the threshold value, the energy consumption structure improvement effect of green finance will decline. In addition, both the government and the market can play an active role in improving the energy structure transformation effect of green finance.
The possible contribution of this research includes the following. Frist, this research analyzes in detail the impact of green finance on the transformation of energy consumption structure, which expands the related research of green finance. Second, this research discusses the heterogeneity of the relationship between green finance and energy consumption structure from various aspects, and analyzes the mechanism of the role of green finance in improving energy consumption structure, which enriches the theory related to green finance. Third, the conclusion of this research shows that the development of green finance is conducive to improving the energy consumption structure. By improving the energy consumption structure, green finance will become an important way to balance economic development and carbon emission reduction in China. Therefore, our research has important practical significance.
The rest of this research is arranged as follows. The second part carries out theoretical analysis and puts forward research assumptions. The third part introduces the research methods, variables and data. The fourth part presents and discusses the empirical results. Finally, the fifth part is the conclusion, policy implications and research limitations.
2 THEORETICAL FRAMEWORK AND HYPOTHESIS
2.1 Direct effect
At the producer level, the improvement of the development level of green finance can make the financial resources in the green field more concentrated, promote the development of new energy industries more effectively, such as photovoltaic, lithium battery, hydropower, wind energy and other industries, reduce the dependence on coal, oil and other one-time energy, which will promote the transformation of the social energy consumption structure. The impact of green finance development on the energy consumption structure is mainly reflected in the following two aspects. On the one hand, green finance has the investment increment effect, which can increase the financial investment in green energy sector, promote the development of green energy industry sector, and increase the supply of new energy. Green finance has a leverage role, which enables it to restrict the consumption and investment loans of coal related industries, and encourage the consumption and investment of clean energy industries such as photovoltaic and natural gas from both the energy production and consumption ends, thus effectively promoting the transformation of energy consumption. On the other hand, green finance has the capital oriented effect, which can promote the development of energy conservation and environmental protection industries and promote the optimization and upgrading of industrial structure. With the development of green finance, a large number of financial resources flow to emerging energy-saving and environment-friendly enterprises, and traditional enterprises that actively carry out low-carbon transformation. In addition, the preferential policies obtained by these enterprises make them popular in the capital market, obtain more financing and higher valuation, and further attract more investment. With the entry of a large amount of investment, these enterprises will get further development, which will eventually improve the success rate of green innovation and activities, promote the technology research and technology transformation of emerging energy, reduce traditional energy consumption, and improve the energy consumption structure.
At the consumer level, the development of green finance will enhance consumers’ green consumption awareness. With the improvement of people’s living standards, consumer demand will develop in the direction of more diversified and high quality. The economic growth pattern will also change towards intensification and low carbon, which will drive consumption upgrading and promote green consumption (Yin and Xu, 2022). Guided by the concept of green development, and taking green products with high energy and resource utilization efficiency and friendly ecological environment as the consumption object, green consumption mode has become a new consumption trend under the current low-carbon economic development mode. Accelerating the development of green consumption is not only the requirement of promoting consumption upgrading and economic transformation, but also the long-term task of promoting ecological balance and achieving environmental protection. In addition to supporting green innovation and production activities, green finance will also support green consumption. By providing enterprises and residents with green credit funds and preferential interest rates, green finance can make green products have more price advantages and improve the market competitiveness of green products. Compared with other consumer goods, consumers will prefer to choose green consumer goods that have obvious price advantages and environmentally friendly. As a result, the overall consumption preference of the society will change, people’s green consumption awareness will be enhanced, and eventually a green consumption concept will be formed, which will promote the sustainable growth of green consumption. Under the guidance of the green consumption trend, consumers and producers will increase their preference for clean energy and renewable energy, so as to form a cleaner and low-carbon consumption structure.
To sum up, this reseach proposes the following hypothesis.


2.2 Indirect effects
The development of green finance will help optimize the industrial structure. Each industry has different consumption of traditional energy. In contrast, green industries such as energy conservation, environmental protection and emerging industries consume less traditional energy, while traditional industries such as high pollution, high energy consumption and high water consumption consume more traditional energy. Therefore, the transformation of industrial structure is conducive to improving the energy consumption structure and promoting the transformation of energy consumption.
The development of green industry is inseparable from financial support. Green industry is different from ordinary industries. The development of green industry not only requires a lot of financial support, but also has a long investment return cycle and high risks. Therefore, it is difficult and costly for the green industry to obtain external funds, coupled with the widespread problem of insufficient internal funds, which together lead to the failure to meet the funding needs of green development, and green development has been seriously hindered. The emergence of green finance has brought a way to alleviate financial constraints for green development. On the one hand, green finance can guide capital investment into green industry through innovative financing tools. On the other hand, under the advocacy of relevant policies, the financial industry provides more low-cost services to the green industry, so that the green industry can obtain sufficient and low-cost external funds to meet the development needs. In addition, for highly polluting industries and production and operation activities, their financing behavior will be restricted to a certain extent. These restrictions will lead to the difficulty of obtaining external funds for highly polluting industries and production and operation activities, which will restrict their development. By encouraging green industries and green production activities and limiting energy consuming industries and production activities, it is conducive to the optimization of industrial structure. In other words, the development of green finance can optimize the industrial structure.
Therefore, we propose.






Figure 1 depicts the theoretical framework and research hypotheses.
3 DATA AND METHODOLOGY
3.1 Data
This research used panel data from 30 provinces in China (excluding Tibet, Hong Kong, Macao and Taiwan) from 2005 to 2019. The original data is mainly from China Statistical Yearbook, China Industrial Statistical Yearbook, China Insurance Yearbook, statistical bulletins on national economic and social development of provinces, China Energy Statistical Yearbook, Wind database, CSMARSolution.
3.2 Methods and materials
This research discusses the impact of green finance on the energy consumption structure in China. Eq. 1 is the benchmark regression model, where Erstrit is the energy consumption structure of province i in year t, Gfit is the green finance of province i in year t, CVit is a series of control variables, μi and δt are the fixed effects of province and year, respectively, εit is the random error term. If the coefficient of green finance α1 is significantly negative, it indicates that green finance can significantly improve the energy consumption structure.
[image: image]
This research also analyzes the indirect effects of green finance on the structure of energy consumption with the help of the mediating effects model. Using industrial structure optimization, energy efficiency and green innovation as mediating variables, respectively, the following mediating effect models are developed, drawing on Baron and Kenny (1986), and Hayes (2009).
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where Medit is the mediating variable. The test steps for the mediating effect are as follows. Frist, Test whether α1 in Eq. 1 is significant. If α1 is not significant, there is no mediating effect. If α1 is significant, continue to the second step. Second, if neither β1 nor γ2 is significant, the bootstrap sampling method is needed to test for the presence of mediating effects. If both β1 and γ2 are all significant, and γ1 is insignificant, a complete mediating effect can be considered. If β1, γ1, and γ2 are all significant, a partial mediating effect can be considered.
We also assess whether green finance has non-linear spillover effects using the threshold model. Eq. 4 considers the single-threshold model, where green finance is the threshold variable, I (⋅) is the indicator function with a value of 1 or 0, where if the condition in the parentheses holds, it is 1, otherwise, it is 0.
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3.3 Variables
3.3.1 Energy consumption structure
Although China has large coal reserves, the carbon emission factor of coal is the largest. Carbon dioxide from coal development and use is the main source of carbon emissions in China, accounting for about 60%–70% of China’s total carbon emissions (Liu et al., 2019). In order to reduce carbon emissions, China must reduce the use of coal, so the share of coal consumption is used to represent energy consumption structure. The specific calculation method is the ratio of coal consumption to total energy consumption, where coal consumption is the sum of seven coal related energy terminal consumption, and total energy consumption is the sum of twenty related energy terminal consumption. The conversion factor is shown in Table 1.
TABLE 1 | Conversion factor of different energy sources.
[image: Table 1]The energy consumption structure in different regions of China is shown in Figure 2. First, it can be seen that the energy consumption structure of different regions in China is quite different. Second, during the survey period, the energy consumption structure in eastern and mid-western regions continued to optimize, and coal consumption continued to decline. In contrast, the proportion of coal consumption in the eastern region is lower than that in the mid-western regions.
[image: Figure 2]FIGURE 2 | The energy consumption structure in different regions of China.
[image: Figure 1]FIGURE 1 | The theoretical framework of the green finance on energy consumption structure.
3.3.2 Green finance
According to the Guiding Opinions on Building a Green Financial System issued by the People’s Bank of China, the green financial system includes green credit, green securities, green insurance, green investment and carbon finance, etc. Considering the availability of data, this research selects corresponding indicators from four aspects of green credit, green investment, green insurance and government support to build a green financial indicator system (Zhu et al., 2022). Table 2 presents the comprehensive green finance.
TABLE 2 | Green finance index system.
[image: Table 2]The entropy method is further used to calculate the green financial index of each province. The calculation steps are as follows.
1) Build the original matrix. We create a matrix containing n rows and m columns, as shown below:
[image: image]
where Xij represents the value of index j in year i.
2) Normalize the sample data and calculate the proportion of index j in year i:
[image: image]
3) Calculate the entropy value Ej of index j:
[image: image]
4) Calculate the weight of index j:
[image: image]
where [image: image].
5) The green finance index Gfit of province i in year t can be obtained according to the weight:
[image: image]
The development level of green finance in different regions of China is shown in Figure 3. First, it can be seen that the development level of green finance in different regions of China is quite different. Second, during the inspection period, the green finance level in eastern China and the mid-western regions continued to improve. In contrast, the green finance development level in eastern China was higher and the growth rate was faster.
[image: Figure 3]FIGURE 3 | The green finance index in different regions of China.
3.3.3 Mediating variables
1) Industrial structure upgrading (Tps). The ratio of the added value of the tertiary industry to that of the secondary industry is used to represent industrial structure upgrading. 2) Energy efficiency (Ee). The ratio of the amount of traditional energy consumed by each province to GDP is used to represent energy efficiency. Traditional energy is converted to standard coal, and the conversion coefficient is shown in Table 1. 3) Green innovation (Gpat). The number of green patents authorized by each province is used to represent green innovation, whcih takes logarithm for demonstration.
3.3.4 Control variables
There are many factors that can affect the energy consumption structure. We also select a series of variables as control variables. 1) Urbanization level (City). It is expressed by the proportion of permanent population in the total population. 2) Financial development level (Fin). It is expressed by the ratio of the sum of deposit and loan balances to GDP. 3) Opening to the outside world (Open). It is expressed by the proportion of total import and export trade to GDP. 4) Capital investment (Cap). It is expressed by logarithm of fixed asset investment. 5) Labor input (Lab). It is expressed by the logarithm of the number of employees.
Table 3 presents the descriptive statistics.
TABLE 3 | Descriptive statistics.
[image: Table 3]4 RESULTS
4.1 The benchmark results
Table 4 presents the benchmark regression results of direct effects. It can be seen that in the four different models, the coefficient of green finance is significantly negative. It shows that green finance can have a significant negative impact on energy consumption structure with or without the inclusion of province fixed effects and year fixed effects, and with or without the inclusion of control variables. The results indicate that green finance reduces the use of conventional energy and improves the energy consumption structure, thus Hypothesis 1 is verified.
TABLE 4 | Baseline regression results.
[image: Table 4]In addition, Column (4) presents the results controlling for province and year, and adding all control variables. The coefficient of urbanization is significantly negative, indicating that the improvement of urbanization level can improve the energy consumption structure. The coefficient of financial development level is significantly negatively, indicating the improvement of financial development level can improve the energy consumption structure. The coefficient of opening to the outside world is significantly negatively, indicating that opening to the outside world can improve the energy consumption structure. The results verify that China’s opening to the outside world pays more attention to green and high-quality development. The coefficient of capital investment is not significant, indicating that capital investment can not improve the energy consumption structure. Traditional capital investment pays more attention to economic benefits, but pays less attention to energy consumption structure and carbon emissions, which also shows the importance of developing green finance. The coefficient of labor input is significantly negative, indicating that the increase of labor can improve the energy consumption structure.
4.2 Robustness test
In order to further enhance the reliability of our conclusion, this research conducts robustness checks from three aspects. First, the new explained variable is used to replace the old one. The proportion of coal and oil consumption (Tra), the low-carbon indicator of energy consumption structure (LCT) are used as new explained variables, respectively. The specific calculation method of LCT is:
Use α, β, γ represents the proportion of coal, oil and gas and other energy consumption in each province, and
[image: image]
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Then, the low-carbon indicator LCI can be expressed as:
[image: image]
The larger the LCT, the higher the degree of low carbonization.
Second, a new method is used. The random effect is used to replace the fixed effect.
Third, the sample is changed. In contrast, more people, resources and capital are concentrated in municipalities directly under the Central Government (abbreviated as MCG). Therefore, remove four MCGs from the sample and conduct regression again.
Table 5 shows the results of robustness test, it can be seen that the coefficient of green finance is still significantly negative through using different methods for robustness checks, revealing that green finance can still improve the energy consumption structure and the conclusion of our research has strong robustness, and further supporting the research hypotheses.
TABLE 5 | Robustness test and endogenous check.
[image: Table 5]4.3 Endogenous checks
In order to alleviate the endogenous problem, the following two methods are used in our research. First, we use the system generalized method of moments (sys-GMM) to perform regression. The sys-GMM is a dynamic panel model, which takes the explained variable with a lag of one period as an explanatory variable. The sys-GMM can effectively alleviate the endogenous problem through taking the explanatory variable lagging behind one phase as the tool variable. Second, we use the instrumental variable method for regression (2SLS). The 2SLS needs to select appropriate instrumental variables. In our research, referring to the method of Wang and Zhou (2022), the average value of green finance in three provinces with the closest GDP scale among neighboring provinces is selected as the instrumental variable of green finance. In neighboring provinces with similar GDP, the development level of green finance is more similar, so it meets the correlation requirements of instrumental variables. Green finance in neighboring provinces can not affect the local energy consumption structure, so it meets the exogenous requirements of instrumental variables.
Table 5 shows the results of endogenous test. In the results of sys-GMM, the p-value of AR (1) and AR (2) is .017 and .412, respectively, which indicating that there is no autocorrelation in the random errorterm. The Sargan test result is 1.000, which indicating that there is no over-identification in instrumental variables, and the selection of instrumental variables is effective. According to the 2SLS estimation results, the Kleibergen–Paap rk LM statistic and the Kleibergen–Paap rk Wald F statistic is 54.692 and 79.603, respectively, which significantly reject the null hy-pothesis, showing it has passed the endogenous test.
It can be seen that the coefficient of green finance is still significantly negative through different methods for endogenous test, indicating that green finance still has a significant negative impact on the energy consumption structure when considering endogenous.
4.4 Indirect effects
Table 6 shows the results of indirect effects, combined with the results of Column (4) in Table 3, we can see the following. First, Columns (1) and (2) shows the results when the mediating variable is industrial structure upgrading (Tps). Column (1) in Table 3 shows that green finance has significantly optimized the industrial structure. Column (2) shows that the upgrading of industrial structure has significantly improved the energy consumption structure. However, the coefficient of green finance is not significant, indicating that the upgrading of industrial structure presents complete mediating effect between green finance and energy consumption structure. Moreover, we can obtain the direct effect of green finance on energy consumption structure is −.5264, the indirect effect of that is .1087 (−.0262 × 4.1506=−.1087), and the total effect is −.6351. Thus, Hypothesis 2 is confirmed.
TABLE 6 | Mediating effects.
[image: Table 6]Second, Columns (3) and (4) shows the results when the mediating variable is energy efficiency (Ee). Column (3) shows that green finance has significantly improved energy efficiency, and Column (4) shows that improving energy efficiency can significantly improve energy consumption structure. However, the coefficient of green finance is not significant, indicating that energy efficiency presents complete mediating effect between green finance and energy consumption structure. Moreover, we can obtain the direct effect of green finance on energy consumption structure is −.1265, the indirect effect of that is −.5086 (−.1394 × 3.6486=−.5086), and the total effect is −.6351. Thus, Hypothesis 3 is confirmed.
Third, Columns (5) and (6) shows the results when the mediating variable is green innovation (lnGpat). Column (5) shows that green finance has significantly promoted green innovation, and Column (6) shows that both green finance and green innovation can significantly improve the energy consumption structure, indicating that energy efficiency presents partial mediating effect. Moreover, we can obtain the direct effect of green finance on energy consumption structure is .5821, the indirect effect of that is −.0530 (−.0198 × 2.6786=−.0530), and the total effect of that is −.6351. Thus, Hypothesis 4 is confirmed.
4.5 Heterogeneity discussion
The development level, green finance level and energy consumption structure of different regions in China vary greatly, therefore, we further check heterogeneous impacts.
We first discuss the heterogeneity of geographical location. According to traditional criteria, we divide the whole country into 2 regions: eastern region (including 11 provinces) and mid-western region (including 19 provinces), and Columns (5) and (6) in Table 7 presents the results. It can be seen that in the two results, the coefficient of green finance is significantly negative. However, the absolute value of the coefficient of green finance in the mid-western region is greater. This means that green finance can improve the energy consumption structure in both the eastern region and the mid-western region. In contrast, in the mid-western region, green finance has a greater effect on improving the energy consumption structure.
TABLE 7 | The results of geographical heterogeneity and quantile regression results.
[image: Table 7]The energy consumption structure index of the mid-western region is higher than that of the eastern region, the proportion of coal consumption is higher, and the marginal cost of reducing coal consumption is lower. Whether the above reason leads to a greater impact of green finance on the energy consumption structure in the mid-western region? That is, the greater the energy consumption structure index, the greater the impact of green finance on the energy consumption structure. We tested it using the quantile regression model. The results are showed in Columns (3)–(5) of Table 7. It can be seen that the green financial coefficient is significantly negative at different quantiles. With the increase of quantile, the absolute value of green financial coefficient increases, indicating with the increase of the energy consumption structure index, the role of green finance in improving it will also be strengthened, that is, the higher the proportion of traditional energy consumption, the easier the green finance will play a role. Therefore, the above question has been answered.
The green financial index in the eastern region is higher than that in the mid-western region, which may reduce its marginal effect. Whether this leads to a smaller impact of green finance on the energy consumption structure in the eastern region? That is, the greater the green finance index, the smaller the impact of green finance on the energy consumption structure. The threshold effect model is used to check this question. According to Hansen (1999), the threshold values are estimated through repeated sampling 300 times through the bootstrapping method. Table 8 and Figure 4 show the threshold test results. It can be seen that the single threshold effect passed the significance test, while the double threshold effect failed the significance test. The results show that there is a single threshold effect of green finance on energy consumption structure, and the threshold value is .0680. Table 9 shows the threshold effect regression results. It can be seen that in both regions, green finance can significantly improve the energy consumption structure. However, when the green finance value exceeds the threshold value of .0680, the impact of green finance on the energy consumption structure becomes smaller. Therefore, the above question has been answered.
TABLE 8 | Threshold test.
[image: Table 8][image: Figure 4]FIGURE 4 | Threshold value LR diagram of energy consumption structure.
TABLE 9 | Threshold regression results.
[image: Table 9]4.6 Further discussion: The role of government and market
One of the purposes of this paper to analyze how green finance affects the transformation of consumption structure is to play a positive role of green finance through appropriate means and enhance the role of green finance in promoting the transformation of energy consumption structure. The debate about who is playing the leading role between the government and the market has never stopped. Therefore, this paper further discusses the role of the two in the relationship between green finance and energy consumption structure. Referring to the method of Lin and Zhou (2021), on the basis of model (1), the interaction between government intervention, marketization and green finance is introduced to analyze their interaction mechanism, respectively. Furthermore, the marketization index of Wang et al. (2021) is used as the indicator of marketization, and the proportion of fiscal expenditure in GDP of each province is used as the indicator of government intervention.
According to Table 10, the coefficient of interaction between green finance and government intervention and marketization degree is significantly negative, respectively, which indicates that both government and market have played a positive role in the relationship between green finance and energy consumption structure. Green development is an important national strategy of China and an important assessment standard for local officials. Therefore, local governments attach great importance to green development, which is conducive to the positive role of green finance. The higher the degree of marketization, the more conducive to optimizing resource allocation, which is conducive to guiding green finance to play a positive role in the external environment of green and low-carbon development. It is not contradictory that both the government and the market can enhance the role of green finance in optimizing the energy consumption structure. In reality, on the one hand, major developed countries and China attach importance to the role of the market in resource allocation in economic development; on the other hand, they also attach importance to the role of the government in guiding and supervising economic development to avoid overheating or cooling the economy.
TABLE 10 | The role of government and market.
[image: Table 10]5 DISCUSSION AND CONCLUSION
The low-carbon transformation of energy consumption is of great significance for China to ensure the security of energy supply and achieve the dual carbon goal. This research uses China’s provincial panel data to empirically analyze the impact of green finance on energy consumption transformation from multiple dimensions. Our conclusions confirm the positive impact of green finance on the transformation of energy consumption, and its mechanism is to optimize the industrial structure, improve energy efficiency and promote green innovation. It is also found that the impact of green finance on the energy consumption structure has obvious heterogeneity in different regions. In the mid-western region, the effect of green finance on improving the energy consumption structure is more obvious. According to the above calculation results, the energy consumption structure index in the eastern region is relatively small. According to the law of diminishing marginal benefits, we guess that the energy consumption structure index is relatively small, that is, the smaller the proportion of coal consumption, the smaller the impact of green finance on the energy consumption structure. Because the energy consumption structure is an explanatory variable, we will test this problem by quantile regression. With the help of the quantile regression model, we find that the higher the proportion of coal consumption, the more obvious the transformation effect of green finance on energy consumption structure. In addition, the level of green finance in the eastern region is high. According to the law of increasing marginal cost, we guess that when the level of green finance is high, the impact of green finance on the energy consumption structure may be smaller. Because green finance is the core explanatory variable, we use the threshold model to verify this problem. With the help of the threshold model, we find that although green finance can significantly improve the energy consumption structure, the improvement effect will decline when the threshold value is exceeded. Furthermore, both the market and the government can enhance the role of green finance in optimizing the energy consumption structure.
The policy implications of our conclusion are very obvious. First, green finance should be developed continuously. The green financial policy system should be improved, and the policy implementation should be strengthened. The government takes the lead in standardizing relevant standards and systems of green finance. All kinds of capital, especially social capital, should be guided into green industries through policy publicity, subsidy guidance, tax reduction and exemption, which will enhance the internal motivation of social subjects to participate in green finance. The innovation of green financial products and services should be encouraged to provide diversified green financial products. The performance of green financial business should be effectively improved through fully mobilizing the enthusiasm of market players to innovate green financial business model. Second, the differentiated green financial development strategies should be formulated and implementd in different regions. For the eastern region with a high level of green finance development, green finance should pay more attention to the quality of development, and focus on supporting high-tech green environmental protection industries or projects. For the mid-western region with a normal level of green finance development, the coverage of green finance should be expanded continuously, and more projects should be covered by green finance. Third, the green innovation should be encouraged. The government should increase support for green and low-carbon innovation and improve the capacity for independent innovation in the environmental field.
As is the case with all empirical studies, our research has some limitations. First, considering the availability of data, our research constructs an indicator system from four aspects of green credit, green investment, green insurance and government support to calculate the green financial index. If more data can be obtained in the future, we will establish a more perfect green financial indicator system. Second, our research is based on provincial level data. However, there are still large differences within each province in China. If the data of city level can be obtained in the future, the discussion on city level will be very interesting. Third, this paper discusses the impact of green finance on the energy consumption structure from the macro level. However, the energy consumption of each industry is different. Therefore, the relationship between green finance and industry energy consumption structure will be further discussed in the future. Fourth, relevant policies are an important part of green finance. In further research, we will continue to discuss the impact of relevant policies on the energy consumption structure. Dikau and Volz, 2021, Lv et al., 2020.
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