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Green investment can promote the low-carbon development of energy consumption structure in direct and indirect ways through financial support for new energy industry and pulling effect on environmental protection industry, which is of great significance to the sustainable development of economy and society. Through empirical analysis of the panel data of provinces and municipalities in China, this paper finds that the impact of green investment on the energy consumption structure is highly differentiated between regions: the development of green investment in the eastern region will inhibit the increase of the proportion of coal and other polluting energy sources in the energy consumption structure, which will help the energy consumption structure tend to develop in a decarbonized way; in the central region, the impact of green investment on the energy consumption structure is insignificant; and in the western region, green investment instead promotes the development of the energy consumption structure in a decarbonized way. In the western region, green investment instead promotes the proportion of coal and other polluting energy in the energy consumption structure. The main reason for this is that there are big differences in the level of economic development, characteristics of industrial structure, population size and technological level between the East, the Middle East and the West. It is an important measure to strengthen green investment and improve energy consumption structure to dynamically adjust green development goals, strengthen financial support for energy conservation and environmental protection industries, and narrow the regional development gap in all directions.
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1 INTRODUCTION
On 31 August 2016, the People’s Bank of China and other seven ministries and commissions in the “Guiding Opinions on Building a Green Financial System” clearly defined green finance as an economic activity that supports the improvement of the environment, the response to climate change and the economical and efficient use of resources. And green investment, as an important hand in the implementation of green finance in China (Li et al., 2022; Yang et al., 2023), can effectively improve the quality of the environment, reduce pollution emissions, and promote China’s economy and society to achieve sustainable development (Hung, 2023; Peng et al., 2023; Zheng and Jin, 2023). Introducing financial services into energy-saving and environmental protection industry and new energy industry through green investment can effectively promote the decarbonization of energy consumption structure.
As the quality of China’s economic and social development continues to improve, under the guidance of the central bank’s policy, strict supervision by the CBRC, and environmental assessment by the Environmental Protection Bureau, the scale of green investment continues to expand, and works on both “emission reduction” and “energy saving” to help China’s enterprises to It helps Chinese enterprises reduce energy consumption and focuses on the long-term interests of human beings. The development of green investment promotes the rapid development of new energy industry and energy-saving and environmental protection industry, and in this way to achieve the purpose of decarbonization of the energy consumption structure, while the energy consumption structure in the state of decarbonization will positively feedback to the green investment, the formation of a benign cycle of ecology and economy.
Table 1 shows the total consumption of coal, coke and fuel oil and the total environmental protection investment in China from 2011 to 2020. As can be seen from Table 1, China’s total environmental protection investment increases year by year, from 771.54 billion yuan in 2011 to 1,327.07 billion yuan in 2020, nearly tripling. Green investment in China is mainly used in energy, transportation, construction and industry (accounting for 80%–90%), among which green investment in energy industry ranks first, covering energy supply, manufacturing, terminal consumption and other links, and wind power, photovoltaic and hydrogen energy industries in energy industry have gradually become the important direction of green investment. Usually economic and social development is always accompanied by an increase in the total amount of energy consumption, and the total consumption of coal, coke and fuel oil in China increased rapidly from 2011 to 2016, while the total consumption of coal and coke began to gradually decrease after 2016, and the total consumption of fuel oil continued to maintain growth, mainly due to the fact that the improvement of the structure of energy consumption by green investment has a certain lag in time, and the initial stage of investment is mainly aimed at clean energy replacement of highly polluting coal and coke, while the development of alternative energy sources for fuel oil is relatively slow, but overall the trend of decarbonization of China’s energy consumption structure is gradually coming to the fore.
TABLE 1 | Investment in environmental protection and energy consumption by type, 2011–2020.
[image: Table 1]China acceded to the Paris Climate Change Agreement on 30 September 2016, and as the world’s largest developing country, China has continuously made strategic adjustments to its energy consumption structure in order to achieve the goal of reducing emissions in the global economy. With the rapid advancement of supply-side structural reform in China’s energy sector, the structural adjustment of energy consumption has made sustained progress, with the proportion of polluting energy consumption declining year by year, while the proportion of clean energy consumption has risen, but the consumption of coal, coke, and fuel oil, etc., still occupies a dominant position. The development and growth of green investment can not only bring economic benefits to financial institutions, energy-saving industry and new energy industry, but also promote the virtuous cycle of finance and ecological environment to a certain extent. With the development of the economy, the improvement of urbanization level, the optimization of industrial structure, the whole society’s awareness of energy consumption is gradually improved, and China’s energy consumption structure is also in constant transformation. Adjusting the energy consumption structure is of great strategic significance, helping to alleviate the energy and ecological environment constraints in economic development, and is in line with China’s long-term planning for sustainable economic and social development. At present, China is in the critical stage of the development and expansion of green investment and the low-carbon energy consumption structure, but few scholars have explored the deep-seated relationship between them. Therefore, this paper will discuss the influence of green investment on energy consumption structure and regional differences, so as to reflect the differences in energy consumption structure between different regions, help to grasp the changing trend of energy demand between different regions in the future, and then reduce the consumption of polluting energy such as coal, coke and fuel oil, and promote the sustainable development of energy economy.
2 LITERATURE REVIEW AND RESEARCH HYPOTHESES
At this stage, there are fewer studies related to green investment and energy structure, mainly focusing on green investment and renewable energy and clean energy. Lyeonov et al. (2019) analyzed the relationship between green investment and renewable energy in the EU countries, and found that green investment can promote the production and use of renewable energy (Lyeonov et al., 2019; Musibau et al., 2021) took the United States (2021) explored the positive impact of green investment on renewable energy in nine industrialized countries, including the United States, Japan, and France (Musibau et al., 2021; Zahan and Chuanmin 2021) argued that in the long term, green investment will promote the consumption share of renewable energy (Zahan and Chuanmin, 2021; Chen and Ma, 2021), based on the data of listed energy companies in China, found that making green investment will (2021), based on the data of Chinese energy listed companies, found that green investment will improve the financial performance of the company, so environmental investment will be a long-term strategy for energy listed companies (Chen and Ma, 2021; Liu et al., 2022a) measured the efficiency of green investment in China’s energy sector, and found that the overall green investment in China’s energy sector is at an excessively high level (Liu et al., 2022a; Safitri et al., 2022), green investment can help the production of renewable energy, and increase the proportion of clean energy use (Safitri et al., 2022; Zhang and Kong, 2022) point out that green investment and energy policy are important factors in promoting sustainable corporate development (Zhang and Kong, 2022; Siedschlag and Yan, 2023) find that green investment can improve corporate performance and environmental quality in the industrial sector in Ireland (Siedschlag and Yan, 2023; SunLi et al., 2021) demonstrate a two-way causal relationship between green investment and clean energy. (2021) demonstrated the two-way causality between green investment and clean energy (SunLi et al., 2021; Wang and Xu, 2023) studied 15 RCEP countries and explored the positive effects of green investment on renewable energy projects (Wang and Xu, 2023; BelaïdAl and Al, 2023) investigated the enhancement of energy security by green investment (BelaïdAl and Al, 2023). In addition, (Cutcu et al., 2022) takes the top 10 countries in climate risk index as the research object, and discusses the causal relationship between energy consumption and climate change (Cutcu et al., 2022); Subsequently, Cutcu et al., 2023) further explored the internal relationship between ecological footprint and foreign trade in the 10 fastest-growing countries (Cutcu et al., 2023).
To sum up, the existing research focuses more on the causality test of green investment, renewable energy and clean energy, while ignoring the “structural effect” produced by green investment. Environmental pollution from energy mainly comes from energy terminal consumption. Therefore, on the basis of paying attention to the production of clean energy and renewable energy, it is necessary to explore whether green investment can effectively promote the proportion of clean energy use, thus improving the energy consumption structure. Therefore, this paper will take the energy consumption structure as a dependent variable to explore the impact of green investment on the energy consumption structure. Green investment, as an important hand of green finance, not only has the role of capital support of ordinary financial investment, but also has the nature of a policy instrument, which can be used as a macro-control tool to help the national strategic planning - decarbonization of energy consumption structure. The mechanism of green investment on China’s energy consumption structure mainly exists in two aspects: direct and indirect mechanisms, as shown in Figure 1.
[image: Figure 1]FIGURE 1 | Mechanism of green investment on energy consumption structure.
Direct mechanism: Green investment has a financial support role for the new energy industry, which influences the energy consumption demand from the supply side through its role in the production side of energy and promotes the low-carbon development of the energy consumption structure. On the one hand, sufficient funds to promote the rapid development of the new energy industry, expand the scale of production and operation of the new energy industry, and increase the total amount of clean energy production; on the other hand, through financial support can promote the new energy industry to carry out technological research and development and technological innovation, improve the efficiency of the production of the new energy industry, and further increase the proportion of clean energy in the structure of China’s energy consumption, so as to achieve the purpose of the decarbonization of the energy consumption structure.
Indirect mechanism: the development of green investment can have a pulling effect on the environmental protection industry, while the environmental protection industry as the use of energy, its own development and growth will be from the demand side of the perspective of the impact of energy consumption demand, promote the development of China’s energy consumption structure of low-carbon. At the same time, green investment in the process of promoting the rapid development of environmental protection industry, will send signals to the community, and then guide China’s other industry enterprises are more inclined to choose clean energy, in order to obtain the financial support of green investment.
In addition, it is worth noting that the regional development gap in China is obvious, and the economic development level, industrial structure characteristics and energy consumption demand of different regions show great regional differences, so the investment direction and investment focus of green investment in different regions are also different, so the improvement of energy consumption structure by green investment may have regional heterogeneity.
Based on the above theoretical logic, this paper puts forward the research hypothesis, as shown in Table 2. It is expected to provide support for the sustainable development of economy and society, especially for developing countries, through in-depth discussion on the improvement of energy consumption structure by green investment.
TABLE 2 | Research hypothesis.
[image: Table 2]3 RESEARCH DESIGN
3.1 Selection of indicators
Based on established research, this paper selects energy consumption structure as the explanatory variable and green investment as the explanatory variable. The structure of energy consumption (ES) is measured by the share of consumption of coal, coke, gasoline, kerosene, diesel and fuel oil in total energy consumption, and green investment is measured by the share of environmental protection investment in GDP.
In order to make the model more consistent with economic laws, drawing on existing studies, the industrial structure (Liu, 2021; Luan et al., 2021; Kaczmarek et al., 2022; Xue et al., 2022; Zheng et al., 2023), the per capita GDP (Wang et al., 2022a; Aydin et al., 2022; Wang et al., 2022b; Komarova et al., 2022; Chang and Fang, 2023) and population density (Mohammad, 2020; Muhammad et al., 2020; Liu et al., 2022b; Muzayanah et al., 2022; HeYu and Jiang, 2023) are used as control variables to measure the impact on energy consumption structure from the three perspectives of optimization and adjustment of industrial structure, expansion of economic scale and increase in population scale, respectively. Among them, the industrial structure is measured by the ratio of the output value of tertiary industry to the output value of secondary industry, and the population density is expressed by the number of population per unit area.
3.2 Data sources
This paper takes 30 provinces and cities in China (excluding Tibet and Hong Kong, Macao and Taiwan) as the research object, and the research interval of the sample data is set as 2011 to 2020 in consideration of the scientific nature and availability of the data. Among them, the data of green investment comes from wind database; the energy consumption structure comes from China Energy Statistical Yearbook; the industrial structure, GDP per capita and population density come from China Statistical Yearbook.
3.3 Modeling
This paper focuses on the green investment in green finance, the role of the impact on the structure of energy consumption, so based on the theoretical analysis and research hypotheses in the previous paper, the econometric model is constructed as follows:
[image: image]
where ES denotes energy consumption structure; GI denotes green investment; IS denotes industrial structure; PGDP denotes gross domestic product per capita; PD denotes population density; a0 denotes the constant term; uit denotes the error term; i denotes province; and t denotes time.
4 EMPIRICAL ANALYSIS
4.1 Unit root test
Before the empirical analysis, it is necessary to conduct a smoothness test on the data to exclude the phenomenon of “pseudo-regression” that may be brought by non-smooth data. Therefore, in this paper, the first variable smoothness test, namely, the unit root test, the test methods used are: LLC test and IPS test, the test results are shown in Table 3.
TABLE 3 | Unit root test for variables.
[image: Table 3]As can be seen in Table 3, in the results of the test of the horizontal series, the variables IS, PGDP and PD fail the unit root test, while all the other variables are shown to be smooth series. Further, the variables after first-order differencing are tested again, and the results show that in the series of variables after first-order differencing, except D_PGDP, which passes the smoothness test at the 5% level, all other variables pass the smoothness test at the 1% level, which indicates that there is a first-order single-integration relationship between the variables, and that the sample data are stable.
4.2 Counteraction test
Since there is a first-order single-integration relationship between the variables, a cointegration test can be conducted to determine whether there is a long-term stable equilibrium relationship between the variables. In this paper, Kao test, Pedroni test and westerlund test are selected as three methods to test the cointegration of each variable, and the test results are shown in Table 4.
TABLE 4 | Cointegration test of variables.
[image: Table 4]As can be seen from Table 4, among the three tests Pedroni test and westerlund test both significantly reject the original hypothesis of non-existence of cointegration relationship at 1% level. At the same time, the results of Kao test show that the statistic ADF is not significant, while both DF and modified DF significantly reject the original hypothesis of non-existence of co-integration relationship at 1% level, i.e., in the Kao test of the three statistics, there are two statistic significant rejection of the original hypothesis, then it can be considered that the Kao test is also significant rejection of the original hypothesis of non-existence of co-integration relationship. Therefore, combining the test results of the three methods, it can be seen that there is a long-term stable equilibrium relationship between the variables, and regression analysis can be carried out.
4.3 Modeling
Before the regression analysis of the model, it is necessary to determine the basic type of the model, so this paper carries out the Hausman test on the model, the test results are shown in Table 5, in which the p-value of the east, middle and west are 0.5891, 0.0758 and 0.8913, respectively, which shows that only the central part of the model rejects the original hypothesis of “there is no systematic difference between the fixed effects and the random effects” at the level of 10%. This indicates that only the model in central China rejects the original hypothesis of “there is no systematic difference between fixed effects and random effects” at the 10% level, so the regression analysis in this paper uses the random effects model for eastern and western China, and the regression analysis in central China uses the fixed effects model.
TABLE 5 | Hausman test results.
[image: Table 5]4.4 Regression analysis
As can be seen from Table 6, the impact of green investment on energy consumption structure has different effects in different regions. In the regression results of the eastern region, green investment is significantly negative at the 1% level, indicating that the development of green investment in the eastern region will inhibit the increase of the proportion of coal and other polluting energy in the energy consumption structure, and will help the energy consumption structure tend to develop in a low-carbon manner; in the regression results of the central region, the green investment is not significant; in the regression results of the western region, the green investment is significantly positive at the 5% level, indicating that the green investment in the western region promotes the proportion of coal and other polluting energy consumption in the energy consumption structure. Is positive, indicating that green investment in the western region promotes the proportion of coal and other polluting energy consumption in the energy consumption structure.
TABLE 6 | Results of regression analysis for each model.
[image: Table 6]The regional differences in the energy consumption structure affected by green investment mainly come from three aspects: First, in terms of industrial structure, due to the different levels of economic development in China’s eastern, central and western regions, resulting in different characteristics of its industrial structure, the relatively high level of economic development in the eastern region is mainly based on the tertiary industry, while most of the regions in the central and western regions are mainly based on the secondary industry, coupled with the fact that the tertiary industry is mainly based on the service industry with low energy consumption and low pollution, while the secondary industry is mainly based on the industrial and manufacturing industries. Low-energy consumption, low-pollution service industry, while the secondary industry is mainly based on industry, manufacturing, due to the different demand for energy consumption, resulting in the structure of energy consumption in the eastern, central and western regions are also different, which in turn makes the impact of green investment in different regions brought about by the impact of the effect of the differences in the regression results of the IS in Table 6 also proved the existence of this situation. Second, the population size, due to the more developed economy in the eastern region, resulting in a relatively large population size, the total amount of energy consumption with the increase in population size and increase, human daily life in the use of heat, natural gas and other energy sources is relatively more, coal, coke and other energy use is relatively small; while the central and western regions are relatively small in population size, the industry and manufacturing industry and so on the use of energy sources such as coal and other energy sources is relatively more. As the demand proportion of clean energy and polluting energy is different in the east, middle and west, it leads to the improvement effect of green investment on the development of decarbonization of the energy consumption structure, which is also proved by the regression results of PD in Table 6. Thirdly, in terms of technological level, the eastern region has a higher level of economic development, and its level of technological innovation is also relatively strong, leading to the development and promotion of new energy and clean energy in the eastern region is relatively easy; while the central and western regions are relatively backward in terms of economic development, and the technological innovation capacity is relatively weak, resulting in the relatively slow development and utilization of new energy and clean energy, which leads to the improvement effect of green investment on the energy consumption structure of the eastern region is relatively good, while the improvement effect on the energy consumption structure of the eastern region is relatively good. As a result, the effect of green investment on the energy consumption structure of the eastern region is relatively good, while the effect on the central and western regions is relatively poor, which is also proved by the regression results of PGDP in Table 6.
4.5 Robustness test
In order to verify whether the regression results are robust, this paper further conducts a robustness test of the model, considering that the impact effect of green investment on energy consumption structure has a certain degree of lag in time, so the regression is carried out again with a lag period of the explanatory variables and control variables in each model, and the results are shown in Table 7. The coefficients, positive and negative relationships and significance of the explanatory and control variables in each model have not changed significantly, and only the positive and negative relationships of the control variable PGDP in the regression results of the central and western regions have changed. Therefore, it can be known that the regression results of this paper are robust. It can be seen that green investment can promote the improvement of energy consumption structure and the use of clean energy, but its positive improvement is limited, especially in areas with high economic development level, high industrial structure (tertiary industry accounts for a relatively high proportion) and large population.
TABLE 7 | Robustness test of the model.
[image: Table 7]5 CONCLUSION AND RECOMMENDATIONS
5.1 Conclusion
China’s green investment will promote the development of the decarbonization of the energy consumption structure through both direct and indirect influence. On the one hand, through the direct financial support to the new energy industry, it acts on the production side of energy, influences the consumption demand of energy from the supply side, and promotes the decarbonization development of energy consumption structure. On the other hand, through the indirect pulling effect on the environmental protection industry, it influences the energy consumption demand from the demand side of energy, and then promotes the development of the decarbonization of China’s energy consumption structure. In addition, empirical analysis also found that there is a correlation between energy consumption structure and green investment, and the impact of green investment on energy consumption structure has different effects in different regions: the development of green investment in the eastern region will inhibit the proportion of coal and other polluting energy sources in the energy consumption structure, which will help the energy consumption structure tends to be decarbonized; in the central region, the impact of green investment on energy consumption structure is not significant; while in the central region, the impact of green investment on energy consumption structure is not significant; in the central region, the impact of green investment on energy consumption structure is not significant. In the central region, the impact of green investment on the energy consumption structure is not significant; while in the western region, green investment instead promotes the proportion of coal and other polluting energy in the energy consumption structure. The main reasons for the regional differences in the impact of green investment on the energy consumption structure are the large differences in the level of economic development, industrial structure, population size and technological level of the East, the Middle East and the West.
The conclusion of this paper is consistent with the existing research on green investment and renewable energy. (Naif, 2023; Zhang and Xie, 2023) found that green investment contributes to renewable energy production, and similar to the existing scholars’ research, scholars pay more attention to the causal relationship between green investment and clean energy and renewable energy, ignoring the structural characteristics of energy consumption. This paper supplements the above research gaps. At the same time, however, there are still some limitations, such as the failure to further explore the nonlinear relationship and spatial correlation between green investment and energy consumption structure on the basis of considering regional heterogeneity, and the failure to consider the impact of green finance-related policies on some areas when selecting samples. The follow-up study will consider the impact of green financial policies on energy consumption structure, and discuss the role of green investment in the development of green finance, as well as the nonlinear and spatial effects of green investment on energy consumption structure.
5.2 Policy recommendations
The prosperous development of green investment can promote the decarbonization of the energy consumption structure, but in order to truly implement it, it is necessary to promote government policies, the financial industry and the environmental protection sector, and at the same time, give full play to the optimization of the structure of energy consumption on the positive role of green investment, to achieve a positive feedback effect. First of all, it is necessary to improve the investment policies of environmental protection industry and new energy industry, formulate dynamic green development goals, strengthen the implementation of quality effect, and jointly promote the low-carbon energy consumption structure from two aspects of “emission reduction” and “energy conservation”. Secondly, it is necessary to realize the connection between government policies and green investment, strengthen the information disclosure policies of environmental protection departments and financial institutions, improve the feasibility of green investment, act on energy supply and consumption ends with larger-scale green investment, and increase the proportion of clean energy use. Finally, the regional development gap exists for a long time, which seriously affects the improvement of energy consumption structure by green investment, and regional coordinated development cannot be achieved overnight. Therefore, green investment in various regions should adjust the direction of green investment according to local energy consumption structure, economic development level, industrial structure and natural environment characteristics, and open up a low-carbon development path of energy consumption in this region.
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