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Introduction: Green finance plays a pivotal role in the transition to a low-carbon economy by influencing energy consumption patterns. Despite growing interest in this area, the relationship between green finance and the optimization of end-use energy consumption remains underexplored, particularly in the context of regional disparities.Methods: This study investigates the impact of green finance on end-use energy consumption structure across 30 provinces in China from 2014 to 2021. A system Generalized Method of Moments (GMM) model and a panel threshold model are employed to analyze the relationship, incorporating nonlinearities and regional heterogeneities.Results: The findings indicate that green finance significantly reduces reliance on high-carbon energy sources and fosters cleaner energy consumption, particularly in provinces with advanced green financial systems. The effects are nonlinear, becoming evident only after green finance surpasses a certain threshold. Stronger impacts are observed in eastern regions due to mature financial infrastructures, whereas central and western regions experience comparatively weaker outcomes.Discussion: Contrary to expectations, mediating factors such as industrial structure, energy efficiency, and green innovation have limited explanatory power for the observed impacts. These results highlight the need for tailored green financial policies and enhanced regional support mechanisms to accelerate sustainable energy transitions. This research underscores the transformative potential of green finance in energy governance and its contribution to achieving sustainable development goals.Keywords: green finance, end-use energy consumption structure, sustainable energy transition, GMM model, threshold effects
1 INTRODUCTION
As global carbon emissions continue to soar, reaching an estimated 31.5 billion tons in 2023, nearly matching the peak levels of 2019 (IEA, 2023), the urgency for effective climate action is more pronounced than ever. The energy industry chain, a substantial contributor to these emissions, stands at the forefront of the decarbonization challenge (Peng et al., 2023a; 2023b). Greening this chain involves intricate upgrades across all sectors—upstream, midstream, and downstream—with the downstream sector playing a critical role in driving green transformations from a market demand perspective (Zhang et al., 2022).
China, as the world’s largest emitter, contributing approximately 30% of global emissions (BP, 2023), faces significant scrutiny. Its energy structure, heavily reliant on coal, which accounts for 60%–70% of its total energy consumption, positions the country at a critical point for achieving substantial carbon footprint reductions (Liu et al., 2019; Zhao et al., 2022). Addressing this, the study highlights how optimizing the energy consumption structure (ECS) not only serves as an environmental imperative but also represents a critical strategy for achieving China’s carbon neutrality goals.
In this context, green finance emerges as a powerful lever for sustainable development, aimed at supporting projects that minimize pollutant emissions and promote environmental benefits. Despite its pivotal role, empirical studies scrutinizing the specific impacts of green finance on the adjustment of energy consumption structures, especially considering regional disparities, remain scarce (Jin et al., 2021; Wu et al., 2023). Prior research has affirmed green finance’s role in bolstering renewable energy and enhancing the accessibility of low-carbon technologies (Shang et al., 2023); however, its nonlinear spillover effects on energy consumption structures have not been extensively explored.
This manuscript not only fills this gap by systematically assessing the influence of green finance across different regions of China but also delves into the nonlinear spillover effects and the mediating role of industrial structure in transforming the energy landscape. By building on the existing literature, this study extends the discourse by providing nuanced insights into the implementation effects of green finance policies, thereby offering robust policy recommendations aimed at optimizing the national energy structure and advancing sustainable development goals.
For the contributions, our study is the first to reveal the systematic impact of green finance on the structure of end-use energy consumption in China. Additionally, we highlight the issue of regional heterogeneity, which has not been thoroughly explored in related research. This heterogeneity poses a real challenge faced by many countries (not just China, as mentioned in this study) in implementing policies. Finally, our research provides financial tools for implementing the clean-up of the energy supply chain, driven by the green upgrading of end-use energy consumption, offering new suggestions for green development.
The remainder of this study is structured as follows: Section 2 briefly reviews the related literature. Section 3 presents the methodology, variables, and data sources. Section 4 presents and discusses the corresponding estimation results and findings. Section 5 concludes the study.
2 LITERATURE REVIEW
2.1 Green finance and energy consumption structure
In recent years, as the global climate crisis has intensified, green finance has emerged as a crucial instrument for governments committed to sustainable development and energy transition. It supports the reduction of dependence on high-carbon energy sources and enhances the energy consumption structure by financially backing clean energy initiatives, energy-saving projects, and environmental technology innovations. Numerous studies have documented the pivotal role of green finance in facilitating new energy transformations. For instance, Wang et al. (2023) underscored that green finance could effectively reduce the public’s reliance on high-carbon sources like coal, thereby fostering a shift toward low-carbon technologies. Similarly, research by Peng et al. (2023a) and Fan et al. (2024) demonstrates that green finance significantly bolsters environmental stewardship and supports the renewable energy sector.
Furthermore, Lee and Lee (2022) delved into the broader implications of green finance for the evolution of the global energy structure, highlighting its potential to bolster clean energy investments. However, most existing research has primarily focused on the overarching impact of green finance on energy structures, with less attention given to the specific mechanisms at play. The direct influence of green finance on structural changes in energy consumption through resource optimization remains a fertile area for future investigation, as does the empirical exploration of how green finance interacts with energy consumption structures across different Chinese regions.
Recent advancements in this field reveal regional disparities in the impact of green finance on energy structure optimization. For example, Lv et al. (2021) observed that while the eastern regions of China experience significant enhancements in energy structure optimization through green finance, the impact is considerably weaker in the central and western regions, which suffer from less favorable green economic conditions. Zhao et al. (2022) utilized panel data from various provinces to demonstrate that green finance policies are particularly influential in energy-intensive industries and are crucial for promoting technological innovations in clean energy. Supporting this view, Sun and Chen (2022) provided empirical evidence that green finance policies indirectly promote energy efficiency, especially among new energy firms.
Additionally, Wu et al. (2023) noted that green finance not only facilitates the transformation of traditional energy sectors but also accelerates the shift toward renewable energy by fostering green technological innovations. Zhou et al. (2022) further argued that green finance is vital for spurring innovations in energy technologies, which are essential for the rapid deployment of clean power systems. Liu et al. (2023) found that while green finance policies are effective in developed regions, they do not significantly impact less-developed areas due to inadequate infrastructure and financial support.
Finally, studies by Lee et al. (2023), Hu et al. (2023), and Liang and Li (2024) emphasize the importance of green finance in supporting infrastructure development and environmental protection projects, improving energy efficiency, and reducing the reliance on high-carbon energy. Hu et al. (2023) compared green finance policies across leading economies, highlighting the necessity for policy coherence and durability to foster low-carbon technologies and mitigate greenhouse gas emissions. Wu et al. (2024) suggested that investments in green finance facilitate the development of low-carbon energy systems through energy technology innovation, propelling the transition toward greener energy consumption and helping achieve emission reduction targets.
Thus, hypothesis 1 is proposed: Green finance has a significant positive impact on China’s end-use energy consumption structure.
2.2 Nonlinear spillover effects of green finance
As the global promotion of green finance continues, scholars have increasingly focused on its nonlinear spillover effects on the energy consumption structure. Research indicates that the impact of green finance on energy structures is not straightforwardly linear but may exhibit threshold effects. Once green finance investment reaches a certain scale, its influence on optimizing energy structures becomes particularly pronounced. Hansen (1999) introduced the threshold model as an effective tool for analyzing such nonlinear relationships, and this approach has been extensively applied to study the nonlinear effects across various contexts. Sun and Chen (2022) observed a distinct nonlinear relationship between the development of green finance and its impact on energy consumption structures at certain investment levels. Furthermore, Zhou et al. (2022) highlighted that at high investment levels, the spillover effects of green finance are more evident, fostering significant advancements in new energy technologies.
Gu et al. (2023) provided empirical evidence showing variations in the energy consumption engineering structure between China’s eastern and western regions, thus underscoring the differential impacts of green finance across these diverse geographic areas. They emphasized that green finance has a more substantial impact on industries in the eastern part of China than those in the western regions. Similarly, Zhao et al. (2022) noted that the policy effects of green finance demonstrate nonlinear trends across regions with varying levels of economic development. High-income areas experience marked improvements in energy structure transformation due to green finance, whereas low-income regions experience relatively minor effects. Although these studies offer valuable insights into the nonlinear spillover effects of green finance, comprehensive and systematic research exploring these effects across different regions of China is still limited.
Therefore, hypothesis 2 is proposed: Green finance has a nonlinear spillover effect on the end-use energy consumption structure.
2.3 Analysis of the mediating effects of green finance on energy consumption structure
The mediating role of industrial structure in the impact of green finance on energy consumption has been a key focus in the literature. Studies, such as those by Baron and Kenny (1986), have explored mediation models to understand the links between financial and economic variables, including how green finance indirectly influences energy consumption through industrial adjustments. Hayes (2009) noted the significant impact of industrial transformation on regional energy structures, although empirical research on this mediation is still lacking.
Recent studies have further examined this relationship. Ge et al. (2022) found that optimized industrial structures enhance the positive effects of green finance on energy optimization. Xiong et al. (2023) similarly concluded that green finance indirectly affects energy consumption by driving industrial restructuring, especially in highly industrialized regions. These findings suggest a feedback effect where green finance and industrial structure interplay to influence energy consumption, although regional variations in this mechanism require further exploration. In addition to the industrial structure, factors like energy efficiency and green innovation also serve as mediators in the relationship between green finance and energy consumption.
Energy efficiency is particularly significant, reducing carbon intensity in energy use. Wang et al. (2016) highlighted that green finance supports investments in energy-saving technologies, improving firm energy efficiency and thus enhancing the energy structure. Zhang et al. (2019) also demonstrated that green finance boosts energy efficiency, notably in energy-intensive industries. Additionally, green innovation serves as a crucial channel; green finance drives research and deployment of new energy technologies, supporting green patents and clean energy innovations (Zhang et al., 2022). Guo et al. (2023) emphasized green finance’s role in supporting R&D for green technologies, reducing production costs, and speeding up technology commercialization, which aids in energy transformation.
Recent empirical findings support these concepts. Zhao et al. (2022) observed that green finance more effectively enhances energy efficiency in the eastern provinces than in the central provinces. Zhou et al. (2022) noted that green finance plays a significant role in aiding green technological innovation, which is crucial for optimizing energy structures, particularly in traditional sectors. Xu et al. (2023) found that green finance is instrumental in promoting technological innovation in energy conservation, influencing energy usage structure on the demand side, and facilitating structural transformations in power consumption. Wang et al. (2022) discussed how green finance accelerates market-oriented adoption of new energy technologies through financial subsidies to clean energy projects, optimizing the energy consumption structure. Finally, Cai and Zhang (2024) confirmed that as green finance policy application intensifies, its impact on enhancing energy efficiency in high-pollution industries strengthens. Li et al. (2022) examined path dependency in energy structure transformation and emphasized the importance of policy continuity in restructuring energy consumption.
Thus, hypothesis 3 is proposed: Green finance affects the end-use energy consumption structure through the mediating effects of industrial structure, energy efficiency, and green innovation.
2.4 Regional heterogeneity analysis of green finance
The uneven development across China’s regions results in varied impacts of green finance on local energy structures, which exhibit distinct regional characteristics. Research has shown that green finance is more developed in the eastern regions, leading to stronger policy effects, whereas the central and western regions face development lags due to economic disparities (Zhao et al., 2022). Zhou et al. (2022) noted that although the influence of green finance policies on energy consumption structures in eastern China is nearing saturation, it is significantly less effective in the central and western regions due to imbalances in infrastructure and financial support. Wang et al. (2022) highlighted that although there is greater potential for green finance development in the central and western regions, realizing this potential requires enhanced resources and support. This underscores the necessity for research into regional heterogeneity to ensure a well-balanced deployment of energy policies across all areas.
With the increasing maturity of green finance policies, researchers have focused on how regional disparities influence policy outcomes. Wang et al. (2016) observed that the impact of green finance on optimizing energy consumption structures is more pronounced in the eastern regions, which benefit from stronger economic foundations and financial support. Conversely, the effectiveness of green financial policies in the central and western regions is constrained by infrastructural and economic developmental limitations, resulting in lesser benefits (Zhang et al., 2022). Fang et al. (2024) also pointed out challenges in promoting new energy technology innovation and reducing carbon emissions in these regions as limited capital and technology availability impede the effectiveness of green finance policies.
Additionally, the heterogeneity of regional economies is influenced not only by tangible factors like economic development levels but also by intangible aspects such as policy implementation intensity, financial market maturity, and social capital participation. Zhang et al. (2023) found that in the eastern region, a well-developed financial market and efficient policy implementation lead to more significant and rapid effects of green finance on energy structure changes. In contrast, in the central and western regions, lower social capital participation results in delayed policy impacts, thereby weakening the effectiveness of green finance initiatives.
Based on this, hypothesis 4 is proposed: The impact of green finance on China’s end-use energy consumption structure shows regional heterogeneity.
2.5 Research gaps
In summary, existing studies have preliminarily examined the link between green finance and energy consumption structure, yet several research gaps remain. However, there has been little systematic research into the regional heterogeneity of its impact on energy consumption structure in China. Second, the existing research mainly focuses on the direct effects of green finance on energy consumption structure, without specifically examining how it operates through industrial structure to influence such this structure. Last but not least, a few studies argued that green finance has nonlinear spillover effects; however, such nonlinearity remains largely unverified in empirical studies. Hence, in this context, by establishing an empirical model to comprehensively assess the impacts on China’s energy consumption structure and exploring its nonlinear spillover effects and regional heterogeneity, this study can help fill the gap in previous research.
3 DATA AND METHODOLOGY
3.1 Data and description
This study uses panel data collected from 30 provinces in China (excluding Tibet, Hong Kong, Macau, and Taiwan) between 2014 and 2021. The data mainly come from Chinese Statistical Yearbook, the China Industrial Statistical Yearbook, and the annual statistical bulletins on economic and social development of provincial-level regions, published by province-level statistics departments across the country. Additional data are sourced from other local yearbooks, which are also available in databases like Wind or CSMAR. These data provide comprehensive statistical information on the economy, industry, and energy in individual provinces, serving as a reliable empirical basis for academic research on regional economic development.
The time series chart of China’s Green Finance Index from 2014 to 2022 shows a clear upward trend, indicating a steady improvement in the level of green finance development during this period (Figure 1). From 2014 to 2016, the growth was relatively slow, with the index increasing slightly from approximately 2.1 to 2.2, suggesting that green finance was still in its early stages. However, between 2016 and 2018, there was a noticeable acceleration in growth as the index increased sharply to approximately 2.3, reflecting heightened policy support and the introduction of innovative financial instruments. After 2018, although the rate of increase moderated, the upward trajectory remained consistent, with the index reaching approximately 2.5 by 2022. This indicates that China’s green finance market is maturing, with a broader adoption of green financial tools. The growth during this period is likely driven by the Chinese government’s strong push toward achieving its “dual carbon” goals, along with the expansion of green bonds, green credit, and other financial instruments. Looking ahead, that green finance development is expected to continue growing, although at a potentially more stable pace, reflecting the maturation of the green finance system.
[image: Figure 1]FIGURE 1 | Green finance over time.
The scatter plot in Figure 2 reveals a complex relationship between green finance and energy consumption structure. The relationship exhibits clear nonlinear characteristics: at lower levels of the Green Finance Index, the energy consumption structure shows high variability. As the index increases, the energy consumption structure becomes more concentrated, but at higher levels (above 3), the variability increases again. This suggests that the relationship between green finance development and changes in the energy consumption structure is not a simple linear one.
[image: Figure 2]FIGURE 2 | Scatter plot of green finance vs energy consumption structure.
Additionally, the scatter plot reflects significant regional heterogeneity. At various levels of green finance development, different regions display distinct patterns in energy consumption structure, especially at the lower and higher ends of the Green Finance Index, where regional disparities are more pronounced. This indicates that beyond green finance, factors such as local energy policies and economic structures also play key roles in shaping energy consumption patterns across regions.
3.2 Model
The baseline regression model is formulated as follows Equation 1:
[image: image]
where [image: image] represents the energy consumption structure of province [image: image] in year [image: image], [image: image] represents the green finance of province [image: image] in year [image: image], and [image: image] refers to the control variables. [image: image] and [image: image] represent the fixed effects of the provinces and years, respectively, while [image: image] is the random error term.
Regarding the issue of endogeneity, a bidirectional causal relationship may exist between green finance and the energy consumption structure. Specifically, green finance may influence adjustments in the energy consumption structure, while changes in the energy consumption structure could also feed back into the development strategies of green finance. Additionally, unobservable characteristics of provinces, such as local policies and environmental regulations, may simultaneously affect both green finance and the energy consumption structure, leading to potential endogeneity. To address this issue, the study employs the system GMM model, using the lagged first-order explanatory variables as instrumental variables to mitigate potential endogeneity bias. During the model validation process, the Arellano–Bond test is used to check for autocorrelation issues (e.g., AR (1) and AR (2)), and Sargan and Hansen tests are applied to verify the validity of the instrumental variables. Furthermore, the difference-in-Hansen test (GMM levels and IV levels) further validates the robustness of the model’s treatment of endogeneity.
Next, the study adopts a panel threshold model to examine the nonlinear contagion effect of green finance on the energy consumption structure. The scale of green finance may undergo significant changes, and due to its characteristics, it alters the structure of energy consumption only after reaching a certain threshold. Traditional linear regression models cannot completely grasp these nonlinear relationships. The panel threshold model is helpful in discovering differentiated impacts of green finance on the energy consumption structure at various points, offering a clear advantage over linear models by accounting for nonlinear effects. The single-threshold model is as follows Equation 2:
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where [image: image] is an indicator function and [image: image] represents the threshold value. When green finance [image: image] exceeds or falls below threshold [image: image], its impact on the energy consumption structure is measured using [image: image] and [image: image], respectively.
This study uses a mediation effect model to assess the mediating role that green finance plays in the transition of the energy consumption structure. Industrial structure is chosen as the mediator variable since changes in the industrial structure impact the mode and amount of energy consumption. Baron and Kenny (1986) and Hayes (2009) indicated that upgrading the industrial structure positive contributes to improving energy efficiency. The intermediary role of the industrial structure, thus, can rationally explain how green finance will change industry-related factors and then reshape the energy consumption structure. The mediation effect model is divided into two steps: first, the impact of green finance on the mediator variable (i.e., industrial structure) is regressed as follows Equation 3:
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Then, the combined impact of green finance and the mediator variable on the energy consumption structure is regressed as follows Equation 4:
[image: image]
By testing whether [image: image] is significant, the study demonstrates the validity of the industrial structure as a mediator variable. If [image: image] is significant, it suggests that the industrial structure plays a mediating role in the impact of green finance on the energy consumption structure, supporting the hypothesis of an indirect effect of green finance.
3.3 Variables
The key variables selected in this study include energy consumption structure, green finance, and industrial structure, along with a series of control variables to comprehensively analyze the impact of green finance on the energy consumption structure. The first level of the energy consumption pattern was used as the dependent variable in this study. China has large reserves of coal, but high carbon content of coal production and utilization is one of the main sources of China’s carbon emissions; it contributes to approximately 60%–70% of the nation’s overall carbon emissions (Zhao et al., 2022). Accordingly, it is important to cut down on coal as a key step in meeting carbon reduction targets. This study uses the proportion of coal consumption to total energy consumption to represent the energy consumption structure. Specifically, coal consumption includes the terminal consumption of seven coal-related energy sources, while total energy consumption comprises the terminal consumption of 20 related energy sources. This indicator allows the assessment of regional differences and progress in optimizing the energy consumption structure.
Second, green finance is the explanatory variable, and its calculation is based on the comprehensive evaluation framework proposed by Fan et al. (2024). The calculation steps for the green finance index are as follows:
Construction of the original matrix: we create a matrix with [image: image] rows and [image: image] columns, represented as Equation 5
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where [image: image] represents the value of the [image: image]th indicator in year [image: image].
Normalization of the data: we calculate the proportion of the [image: image]th indicator in year [image: image] as Equation 6:
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The entropy value of the [image: image]th indicator is calculated as follows Equation 7:
[image: image]
The weight of the [image: image]th indicator is calculated as follows Equation 8:
[image: image]
The green finance index for province [image: image] in year [image: image] is calculated based on the weights as Equation 9:
[image: image]
Third, the industrial structure is considered the intermediary variable in this paper, measured by the level of industrialization. The transition in both the energy consumption structure and industrial structure, as intermediary factors, is of great significance.
The influence of urbanization on the energy consumption structure is reflected by the proportion of the permanent population to the total population, with a higher proportion indicating a more urbanized city. The education level is represented by a province’s investment in education relative to GDP, explaining the potential for human capital to optimize the energy consumption structure. A measure of innovation input is included to investigate the effect of innovation on changes in the energy consumption structure, which measures the amount of money spent on R&D investment using the ratio of R&D expenditure to GDP. Similarly, the per capita GDP growth rate is included to capture changes in energy demand due to local economic expansion. The urbanization rate, which may also influence the population concentration in urban areas, can affect energy demand. The effect of foreign direct investment (FDI) on the regional economy and energy consumption structure is represented by the FDI measure. Finally, the air quality index (AQI) compliance rate reflects improvements in air quality, which could potentially increase the demand for clean energy in different regions.
4 RESULTS AND DISCUSSION
4.1 Benchmark regression
Table 1 presents the results of the benchmark regression. The Hausman test (p = 0.94) suggests that the random-effects model is more appropriate for data analysis than the fixed-effects model. The coefficient of green finance (GreFin) in the random-effects model is −0.0936 and is highly significant at the 1% level, indicating that green finance has a significant negative impact on the energy consumption structure. This implies that as the green finance develops, it helps suppress high-carbon energy consumption, thus adjusting the structure of energy consumption. The GDP per capita coefficient is approximately 0.112, but it is insignificant, indicating that economic growth does not have an obvious direct influence on shaping the energy consumption structure in this context.
TABLE 1 | Benchmark results.
[image: Table 1]Moreover, the coefficient of the urbanization level is 0.0664, although it is not statistically significant. However, the positive coefficient suggests that urbanization may promote energy demand, thus reshaping the structure of energy consumption. The education coefficient (−0.00273) shows that education has no significant impact on the structure of energy consumption. The coefficient for innovation input (R&D), which is 0.0548, is also not significant, suggesting that the RnD does not have a substantial impact on the energy consumption structure. The FDI coefficient is −0.00139 and is not significant, indicating that the consumption structure of energy is relatively little affected by foreign capital. Notably, the AQI with a coefficient of 0.229 is significant at 1% level, suggesting that air quality improvements are associated with a better energy consumption composition.
4.2 Robustness test
In the robustness test, key variables were first replaced. In the first model, the average annual growth rate of coal, natural gas, and oil production (FOGGR) was used to replace the ECS. The replacement is based on the production of coal, natural gas, and oil changes in reflecting changes in fossil fuel energy used as raw material to structure changes, which is representative of adjustments in the energy consumption structure. For the second model, data from the four direct-controlled municipalities (Beijing, Shanghai, Tianjin, and Chongqing) were excluded because these cities have different economic structures compared to other provinces and may show different energy consumption patterns and policy orientations, which could potentially affect the regression results. The robustness of the regression results is, thus, ensured by removing the data from these municipalities.
As can be observed from Table 2, the coefficients for GreFin are negative and significant in the two models, which proves that our results relating green finance to the energy demand structure are robust. The results reveal that green finance exerts significant negative effects on the average annual growth rate of coal, natural gas, and oil production at a 5% level in model 1, implying that greener modes of financing decrease the proportion of high-carbon energy consumption (GreFin coefficient is −0.0174). In model 2, the GreFin coefficient is −0.0854 with a level of significance less than 1%, which proves the significantly negative impact of green finance on the energy consumption structure. The results of the robustness tests provide further evidence for the fact that green finance can promote structural optimization of energy consumption by showing that the negative impact of green finance on the consumption structure is significant even when key variables are substituted or when data from municipalities are deleted, thus demonstrating the robustness of this conclusion.
TABLE 2 | Robustness test.
[image: Table 2]4.3 Endogenous checks
This study will use a system GMM model to control potential endogeneity and analyze the impact of green finance on the energy consumption structure (Table 3). The results show that the coefficient of lagged structure energy consumption is 0.9882, reflecting dynamic properties, with the current state of energy consumption closely linked to its previous state. The estimated coefficient of green finance is −0.0141, which is statistically significant at a 5% level, which suggests that a well-established green financial system will help fundamentally optimize the energy consumption structure by decomposing dependence on high-carbon energy sources.
TABLE 3 | Endogenous checks.
[image: Table 3]For the endogeneity tests, the Arellano–Bond test of serial correlation shows that there is first-order autocorrelation, while second-order autocorrelation is insignificant. Hence, one can contend that the system GMM model fits well. We also conducted Sargan and Hansen tests to confirm the instrumental variables’ validity. The p-value for the Sargan test is 0, which suggests that the instruments used are problematic under this test. Still, the p-value for the Hansen test is 0.372, which really indicates the validity of instruments in the model. Although the tests differ in their results, the latter Hansen test is considered more robust when faced with heteroscedastic cases. In addition, difference-in-Hansen tests validate the instruments further in both GMM and IV stages. The fact that the p-value of GMM levels is equal to 0.983 and IV levels is equal to 0.624; both values are greater than 0.05, which shows that these instruments are correctly specified at both levels.
4.4 Threshold effect
The threshold effect model was used to show the nonlinear effects of green finance on the energy consumption structure (Table 4). The threshold effect test indicates that the threshold value is 0.8253, with bounds between 0.6542 and 0.8264, suggesting that green finance levels within this range will be considered low. When the level of green finance development is lower than the threshold, function GreFin(0) has no significant effect on the energy consumption structure, and its influencing coefficient is only 0.0292, indicating that at low levels of green finance development, there are no obvious optimization effects toward the energy consumption structure. However, when green finance reaches the threshold of GreFin(1), its coefficient is −0.0756, and it is significant at a 1% level, gauging that over a certain point, it shows significant improvement in avoiding high-carbon energy structures.
TABLE 4 | Threshold model.
[image: Table 4]The control variables have some different performances. The coefficient of the AQI is 0.251, which indicates that a better AQI can also promote the optimized energy consumption structure. On the contrary, other control variables like GDP, education level, and R&D input are insignificant, which might be substituted by green finance or difference of place. The threshold model estimation reveals that while the advancement of green finance positively contributes to constraining the energy consumption structure beyond a certain threshold, a little effect is observed for those lower levels regardless of the energy consumption structure. The R-squared values for the model (within 0.1792, between 0.1858, and overall 0.1782) indicate good model fit, and the F-value of 5.32, with Prob > F being 0, further validates the overall effectiveness of the model.
4.5 Mediation analysis
The mediation analysis results show a weaker indirect influence of green finance on the energy consumption structure through the industrial structure, which may be attributable to the lack of a direct driving effect of green finance on the industrial structure (Table 5). In the first model, GreFin plays a significant role in decreasing volume production costs with a coefficient of −0.0936, which is statistically significant at a 1% level. This means that green finance could help energy by increasing the efficiency of using forms. With regard to the second model, although the impact effect of green finance on the industrial structure is 0.00208, it is not significant, indicating that green finance has not effectively driven industrial structural adjustment or optimization. The reason is that the green finance policy implementation focuses more on short-term financial innovation and investment in green projects instead of having a significant impact on the transformation or upgrading of the industrial structure in a short period.
TABLE 5 | Mediation analysis.
[image: Table 5]The influence of the industrial structure on the energy consumption structure is quite evident in the third model, with a coefficient of 0.678, and it turns out that it plays an important role in adjusting the energy consumption structure by regulating the industrial structure. However, since green finance’s influence on the industrial structure is weak, its indirect effect on the energy consumption structure through the industrial structure is not significant. The reason could be that green finance policies lag in industrial structural adjustment or barriers to the implementation of these policies, such as the shortage of technological innovation and weak incentives, can block green finance from transmitting along with the industrial structure for optimizing energy consumption structures. To summarize, the former channels of green finance have a more powerful direct impact on the energy consumption structure, while the latter indirect impact is weak. This may be because green finance has not yet generated enough momentum to drive industrial structural adjustment, and as a result, industrial structure has not emerged as a significant mediating factor in this process.
4.6 Heterogeneity analysis
The heterogeneity analysis results show significant differences in the impact of green finance on the energy consumption structure across eastern, central, and western regions (Table 6). The impact of green finance on the energy consumption structure has been different in eastern, central, and western regions. The coefficient of green finance in the eastern part is −0.0373, which is insignificant, suggesting that the promoting effect of green finance on the energy consumption structure in this region is relatively negligible. Given that the eastern region is more economically developed, green finance policies may have a higher marginal effect due to richer experience. However, the coefficient of central part is −0.186, which is significant at a 5% level; this means that green finance has a negative but significant effect on the energy consumption structure, significantly promoting its optimization. This may be because the central region is in a critical phase of economic transformation and industrial restructuring, where the introduction of green finance plays a more prominent role in optimizing the energy consumption structure.
TABLE 6 | Heterogeneity discussion.
[image: Table 6]The coefficient of green finance in the western region is −0.136 and is significant at a 1% level, indicating that it has a positive promoting effect on energy savings in the western region. Green finance policies will be more effective in the western region because it is less developed than the eastern region. In short, the heterogeneity analysis reveals that the impact of green finance varies significantly across regions, with the central and western regions benefiting more from the optimization of their energy consumption structures. These findings suggest that green finance policies should be tailored to regional differences to maximize their effectiveness in promoting energy structure transformation.
4.7 Discussion
The results of this study not only corroborate the enhancing effects of green finance on China’s energy consumption structure adjustment, which is consistent with previous studies (for instance, Wang et al., 2016; Zhao et al., 2022) but also enrich the literature by inferring nonlinear spillover impacts and spatial differences. Although the early literature emphasizes the linear relationship between green finance and energy consumption structure, our threshold model beyond a certain level also shows that there may be an objective existence of threshold effects. This enriches the existing literature by highlighting the nonlinear dynamics, suggesting that the policy effects intensify once green finance development reaches a certain level.
Our findings suggest that green finance is crucial for optimizing the energy consumption structure, and existing research indicates that optimizing the terminal energy consumption structure plays a key guiding role in the green upgrading of the entire energy industry chain (Peng et al., 2023b; Lu et al., 2024; Peng et al., 2024). Green finance channels fund into low-carbon and renewable energy projects, reducing reliance on fossil fuels and effectively promoting the increased use of clean energy. By adjusting the energy consumption structure, green finance not only guides innovation and investment in the upstream and midstream of the industrial chain but also plays a vital role in driving the green transformation of the entire industrial chain.
5 CONCLUSION
This study evaluated the influence of green finance on China’s energy consumption structure, revealing both significant impacts and distinct regional heterogeneity. The research confirmed green finance’s crucial role in promoting sustainable energy practices, especially in reducing greenhouse gas emissions from high-carbon sources. Through empirical analyses, including a baseline regression model and a threshold regression model, it was determined that the effects of green finance are nonlinear, becoming prominent only after surpassing a specific threshold. This provides a solid theoretical foundation for understanding how green finance facilitates the transition toward sustainable energy consumption, although the anticipated indirect effects through the industrial structure were not significant, possibly due to the delays in industrial upgrading.
In light of these findings, it is recommended that government support for green finance be further expanded, enriching mechanisms such as issuing more green bonds, extending green credit, and establishing new green funds to reduce financial costs for green projects and enhance capital flow toward clean energy. Moreover, differentiated green financial policies should be implemented based on regional economic development levels and energy consumption characteristics, with enhanced policy support in central and western regions to accelerate local energy structure optimization. Additionally, increasing requirements for high-energy and high-pollution industries and encouraging the adoption of low-carbon technologies and fuels through incentives like tax relief and subsidies could further support the clean energy transition.
However, there is a limitation to this study. Existing studies have not paid much attention to the impact of changes in energy consumption on both ends of the industrial chain, upstream and midstream, and its economic driving force. Subsequent studies can further explore these impact mechanisms to develop a more comprehensive view of how green finance affects the whole chain in the energy industry via changes in consumption patterns. Moreover, the inclusion of other possible intervening variables and a longer follow-up period could contribute to increased richness in terms of research results. Future research should explore the lagging effects of green finance on industrial restructuring and consider other mediating variables, such as green technology innovation. This could deepen the understanding of the interaction between energy consumption, the industrial chain, and policy implementation, contributing to a more comprehensive framework for sustainable development. By addressing these limitations and exploring new avenues, future studies can offer more nuanced insights into the mechanisms driving the energy industry’s transformation and the broader implications for enhancing the energy consumption structure.
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